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Characteristic properties of polysaccharide produced

from Cochlodinium polykrikoides

Yang Soon Kang

Departmient of Bivtechnology and Biocngineering, Graduate School

Pukyong  National University

Abstract

Organic substances are released from phytoplankton cells during all phases of growth. Polysaccharides
sometimes comprise 70-90 % of the total extracellular release. The type and amounts of polysaccharide
excreted and the effects of nutient limitation are often highly species - specific. Production of
exopolysaccharide by phytoplankton is an important biological process.

Dinoflageliate, Cochlodinium polykrikoides grown in batch culture produced an exopolysaccharide.
Exopolysaccharide and intracellular polysaccharide concentrations increased as C. polykrikoides cultures
progressed from exponential phase, through stationary phase, to declining phase. In the exponential
phase, the concentration of exopolysaccharide was relatively low, but in the stationary phase, it showed a
rapid increase that seemed to coincide with the depletion of nitrate from the medium. The release rates of
exopolysaccharide and intracellualr polysaccharide were higher at the end of the stationary phase than in
the exponential phase. Exopolysaccharide concentration per cell was more than two times higher during
the end of stationary phase than that in expeonential phase. C. polykrikoides produced extracellular
polysaccharide at a rate of 47.04 pg cell” day .

Of the 20 amino acids analyzed, proline dominated in the organic matter of all cultures ranging from
48.2 to 79.9 nmol/L, and constituting the 20-90 % of total amino acids, and followed by histamine varying
from 0.7 to 47.5nmal/L. Leucine and cysteine were also abundant in the stationary phase.

Stimulation of exopolysaccharide accumulation is dependent on the type of nitrate depletion. This
indicated that nitrcgen depletion caused cessation of growth, and stimulated exopolysaccharide
accumulation. Depletion of other nutrients such as Mn led to enhanced aceumulation of exopolysaccharide.

The amount of exopolysaccharide was higher under a dark - treated condition(i4 £:10 D). The absolute

rate of release for C. poiykrikoides was 4 times higher in the semi-continucus culture than in the batch

= Vil -



culture.

The result of PCA on water quality vs phytoplankton biomass showed that the land loads of nutrient
might be the main cause of the summer rally of phytoplankton biomass. The role of this phenomencn in
the marine environment was of great impartance due to the fact that it constitutes a significant pool of
organic carbon for the food web.

Blood PO: declined in proportion to the increasing concentration of polysaccharide solution. Blood PO,
of moribund fish was about 40- 80 % of control test fish.

Flocoulating activity was the highest at 1 %(wjv) and decreased at higher concentration than the
optimized concentration of polysaccharide. And the results exhibited that the polysaccharide from C.
polykrikoides had excellent flocculating activity. Water holding capacity of 1 % polysaccharide solution was

at the highest activity.
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B ERAEe] Bk A0 FHie 4o Fol uek vt2Eg FPgde 3
A BAHAMNA i Fasld(Leppard, 1995). |2 So] Chaetoceros affinis
(Chaetoceraceae)v= Z 7ol ulzl Hx BEu]EAo] 80 %o wil extracellular
polysaccharide2} <f 1.5 %<] chal A8 A abglci(Myklestad et al, 1989). —rg]al
Phaeocystis pouchettii(Prymnesiophyte)= ¥V]& &) <k 77 %7} polysaccharide®
7-d%¥l macromoleculeS- A48} (Lancelote, 1984),  Skelefonema  costatum
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T ¥ 2l thMargue et al., 1980). o]¢l polysaccharide2} gl & o] v g o A& It



B vEH 540 ke vAR= 4% @42 A(Tago and Aida, 1977), -
s

ra
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HHH {72248 § B2 B8-S AAste polysaccharides= A28
Al, %A1, B2 (sessile adhesion), ¢F4 Al(habitat stabilization), &1 A
(colony formation) 2] T 23 AT 2o 2lE HHIEEC] HHE(sediment
bed)e] 2 z2t8o] gt AHFFL Z7HAFE matrixE FAscta s
((Hoagland et al., 1993; Yallop et al, 1994).
e ZHdEe] RBHlsl= polysaccharide® 9|52 ¥H| 5= exopoly-
boel A7 Adzds Fo wel 38 zferh dnh AE
ZHAEY FAEVE 2o AAACAM o]FojAa lom(Staats et al,
1999a), Foll wtzpd AagA & FA7], WrSA7] Be desA7ldM A
A7 dojrhr Eoke we gko]l AlsbgElt)al $up(Bhosle et al, 1995;
Sutherland et al., 1998). Ag 73 A% =1
it e 2ol Wb Bed ot AE ERAE To whT S4elth o
2 B x2#H9 Ch affinee Co polykrikoidess}  Ld A=A 7]
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exopolysaccharide & Z}AF o] LN Sl ia SeAh=] Aureoumbra lagunensis
(Pelagophyceae)= AW 7], 272 Cylindrotheca clostriume W52 7] 2}
A =7 Abeloll, Navicular pelliculosa(Lewin, 1995) % 7]} ZE(Waite et al,
1995)2 W47l T daSATidA AR Ate]l2 vle BF
exopolysaccharides U Ho| #Hgte A2 Husy ck(Myklestad, 1995;
Liu and Buskey, 2000; Staats et al., 2000).
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=l

7} polysaccharide 4 3boll FFE vtk oje{ gt FAFH= Ao A e
tAA AEY 2o Adeke op]glar s THStaats et al, 1999b; Liu and
Buskey, 2000). #A4 W& el HE ZHEAEANA E¥EHE exopoly-
saccharide A bol] vl &= o] @] 3k 77 23l 9oy, o
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(Myklestad, 1977).
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of ity AH2E dogl o|F FAREE Al7ldl bR A UTHKim et al,
mmyaiM%ﬂC4MWMWMQ4%%%m§f@%§@ﬂﬂﬂH%E%%ﬁ

P ol ol Ml Al sl i e 16-31CelN Aol Asstda, B
s 25 Tl A L3t S 3 HAU =T 7H vk GE2 15-4000 4 AR
7heston Ao woldss AdEr 34 Frbstdeh Ti2la PHH 6.0 -
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w7 255 mg/LE F48 A

deow, o] GEFE A avlEo] FUhste taelME WrIEG 8¥jy
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saccharide® X d|gl:= Ao Gl Ak Fe] ZAL Fucose, Galacto-
amine, Glucoamine, Galactose, Glucose, 712]3l Mannose?| %7} z}7} 0.23,
0.06, 0.06, 1.16, 3.63, 1.28 nmol/mg A3t o= ZALE R = o]l thE
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(NFRDI, 2002).

C. polykrikoidesoll 213+ o} F-HALe] Qo 2= Cochlodinium A3 E 2
7F e e JARAe] ol f ol olrpwe] ¥-2ste) £& iy A
Ao A oF7t sEFEHE wol dAsHA 5ii(Lee, 199), T
AEZ 2AFate] FJAHRS st ZuAA dagad B A8 HjATE
Aog gAXNKKIm et al, 1999, 2000). 1e]a Az Fo] Yidst= Fal&
QAkaTh ool obrkn] AEel A8 Hs|E ofr|AF ME N5 A
751 &l carbonic anhydrases} Na'/K'- ATPase®} 72 ion transporting
enzymed] EEAAHE dl Y Faisde] taHnE ARt EUws 2
s 5 ool A EBEFAQ glde o o] FEiairl deldrin delA lrk
(Kim et al, 2000). we&tA C. polykrikoides7} 4 4Fshe A4 A AR F2 HE2A
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/%4 UV-A zgz o] wojygoh e PHlEl Sde] 284 A Fole
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AspA A o Fasithlee, 1996). g C. polykrikoideso] A4k
sulfated polysaccharide7} human immunodeficiency virusel] thaf o]
gh A (antiviral activity) & WHobe o435 S E s tHHasui et al, 1995). &
& C. polykrikoides= RE] Ev)% polysaccharidex 2] &7 vtolg 2ol o
s 42 & P cytopathic effect) 9} @hulole] 2 &4 (antiviral activity) R 3
gl 2348 JeEhlE Ao 2 Hauda tHSchaeffer and Krylov, 2000).
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ke A e A EAS I, ofFaAAre 1S iy VIEAY] ARR
uf % £ a3, #H1E polysaccharider M2 2E72 AMEE 4 Ao L
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S ggelv) 23 712 ARZEA C polykrikoidesoll A BV == {7229 7

w3 EAi} polysaccharide A§2Fe] = Byl zdE& FAEIEL, =S
polysaccharidez} o] & #Atel] vl x4y 1 olgera SAd usiym x

Atk th,



H2 & M & 28

M 1 & Cochlodiniurmm polvkrikoidesOl Al 2HIE = |II22

1. C. polvkrikoidesll A HIZl=E RII2ES JI&8 4

C. polykrikoides’'= @} R 2F ol %3bn] Ao =7 30-40 i, 3 20-30
pm W&l ar
A4 AhFig. 1). o] F& T7E vl Fikon 5 g A FHE o
Zole de] 2wy 249 08-099 |t e GXo glom MideE
gpgda o 2 e} 93 o] th(Fukuyo, 1987).
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9 oolF vl F2 Jalere $40® olFeAgel ge WAT Fu Ak

2) C. polykrikoidesS| 2c| L it

(o1}

200051 109 TG Ao A C. polykrikoides A 37F FAEHUAS FA 8l

A3 o) AJEE YA v AEe A capillary pipette 2= 471 AL FEA|

erL

i

Bilale] 24 multi-cell wellol] &7 & f/2-Si Hi %|(Stein, 1973)oll4 At ]
Fstdor, f/2-Si WA ZA & Table 13} 2o} wiPxrde 25 22T, #&

100 Em?s!, 337 141L:10D8 438st4



Fig. 1. Light microscopic views of C. polykrikoides. Intact cell
consisted of six cells with length 20 - 40 /m (a}, the

organism attached to the lamella of a red sea bream (b).



Table 1. Compositions of enrichment f/2-5i

Major nutrients

NaNOs
NaH.PPOy - H20

Trace metals

Vitamins

Sterilized sea water

Na; - EDTA
FeCl; - 6H-O
MnCl> - 4H>0
CoCl: - 6H-O
CuS0O; - 5H,O

ZnSQ, - 7TH0

BlZ
Biotin

Thiamin - HCI

1¢




Aol ARRE BE 37|y ZRjbE a2 Er(121T, 158k Bt
Aglstd e, wlAgAzE et FYdte] 45 membrane filter= of 2}

g % he witshed o)A )

A
>
oo
ol
52
o

(1) HIZE2 H=
C.  polykrikoides®] Z2&-5 TaA&7] 23l A8 01mLE  FH&o
Sedgewick Rafter counting chamberE o]-83}o] 338-# v] 4 (Olympus, BH-2)3s}
o A5kt
B kA el whE S AALE 27 Slete] i 5F 2] 7] {exponential
phaseyoll Sl= C. polykrikoides A4 100 mLE 2Le] f/2-Siv]=|o] HE3dlo 3
HP FAAZ F 250 mLg-Fe] HrpEet A A4 200mLE o] vl st

Telw HEA BAEsE Asted 4% FE77 2olAE A% Hislsl
) sl Ayl A MFFES 4T A o B Had 244 3
% g2 £ s 49edE Zolsl fal 4 Adue 28 o W

Hj o Al C. polykrikoides®] 23} F 2] &(Specific growth rate)& 214271 o

wZA 6 B9 e We] AEUSE A4ee] Stein(1973) 402 72 Aok,

SGR : ¢z A %P%(Specific growth rate)
Nt : 3% &t w2 A ¥d 5 (cells/mlL}
T ¥ o] MAEZY % (cells/mL)

tn; t() : le:g' f’S‘_ HH OokoF],.:ll:

_10_



MFel gore wwel wialE zAsE] §lstel samplingdh - GF/C

filter2 oja}slod A R-2 8 5} HUHStrickland and Parsons, 1972).

b, 2L 0F—& A(NHs—N)
Al ¢l phenot-alcohol& 9, sodium nitroprousside, sodium citrate,
sodium hypochlorite?] ZgAjeto g = AAZI & spectrophotometerz

=438t T+ pME AL T

L. & Aa-F A (NOs—N)
AlFE2 Cu-Cd columng EdAA oAAdLrz Y F
sulfanilamide®} NED(N-(1-Naphythyl-ethylenediaminedi-hydrochloride £

ﬁm

a8 Al 713 Spectrophotometer® %4 dlo] Fh= pM=E A 2H5FH o)

Ch. 214=01(PO4—P)
A& ammonium molybdate, 3k%F,  ascorbic acid % potassium

antimonyltartarate®] 2 gtAjete g A7 B FL= uMZ AR T

(3) Polysaccharidee] &2
Exopolysaccharide(EPS)2] k2 sampleS ¢ d & e]sto] 45 A5 hexosed}
pentoseE £t phenol/H:S00] 0.2 #4519 2.1 (Dubois et al,, 1956), 3

rJN

> Z AT glucoseE AL R3S T Intracellular polysaccharide(ICPS)& 411 ¢
T+ pelletell 4mL 0.05M H:SOs5 Wol 2417 W3 & A& 30&vid &5
fafEedtal Adedg

A B H THSmith and Underwood, 2000).

2

thAl 2A1ZF % 12,000 rpmell A 158 &
o7

phenol/ H2504H

_11_



(4) OHOl- & Mg
frejefv e gke A2 5 PICO-tagihH S o] 851521 hydrolysis % PITC
labelling s}o] 7] Z}eba) g 7o) HPLC(Waters 51002 of&35fa] 241519
}. Column3i} detector= 7}7} Waters Pico - tag column(3.9 x 300 mm, 4 um)i}
Waters 996 photodiode array detectors(PDA), 254 nm& A}Mg-slg 1, 48
£ 140 mM sodium acetate®} 60 % acetonitrilg flow rate 1.0 min® & A}£-3}

o},

arh

(5) S E (Protein)e Hg
Extracellular protein2 sampleg Q4% ¢ =
albuming FFEd8 ALES}e] Bradford 0.8 HA3}ch(Herbert et al,

1971).

(6) MIZLH EtA2 EA(Cellular carbon, nitrogen)2 &g
Samples #3le] 450 CollA] 2A17h5<F Zddte] Wetdt GF/F filter(d 25
mm, &7 07 melA 50mLE oiste] YAEd Fo FrgAE AAS
e 23 garo 2 oF 30% F9F EF(acid fuming)slir, 50 CTeollA] 24A13F A
#4171 & CHN analyzer(Perkin elmer, 2400)2 4] s} 5 th(Sharp, 1974; Telex

and Marshall, 1974).

(7) 22 sI|&A(Dissolved organic carbon, DOC)2 H
floll Al GF/F filter2. olatel ofmpelg Pl A7hA] YEuae = DOC

analyzer(Dormann) 2 #4389t}

(8) Polysaccharidel| =&

Exopolysaccharide s 5-2]817] 22t MrnfefeiS 12,000 rpm, 10 T of A

- 12 -



15057 4R 8T, pelleto] FF425 drhstel Al FEshe] 12,000 rpm,
10 Coll A 15%87F tha] 214l e] st uh(Staats et al, 1999a). FsH= 80 %

(v/v) cold acetone (-20 )02 H A A|#H exopolysaccharidev= ¥-&l3l%il, o|&

Z 3 racetone(l: 1) &Holl A 2 A Hsldct. B AR exopolysaccharides €
ARYE F FH54dd mo] dialysissle 54 dzxsldY. HA exopoly-

saccharide-2 Wi A9} =S40 2 F&E 4o Fo= ok

_13_



ta
¥

2. Polysaccharide M4&tol F| M HH &

JRHOZ f/2-SiHAAME Aas) ¢lo] wErEE EAsH7] Wil /20
v 2ol M & Ag 24 o]t Al S AAE 5 Ah, o] AFHE HwA
A 1298 Aqelshd APe Aok JaaAeds dEA g 9
3 Hirrrz Aoz NaNOE 10uME Hrhstgda veAe f/2-Si
Wxe] AEzAge drlstdch 27 F S 200 cells/mLe G E G

dore] o] thd BRAYMS wasty] f&f ¢4 dLflo 2= NaNO;
= 0, 25, 50, 100, 200, 400 M Fw = 2z} H7}stEs, 902 NaH.PO; -
IH,0Z f/2-Si)H ¢ ZlRzAulE BstAEHP ¢ 363 uM)

wjeka]l C. polykrikoides7} A Av&H= polysaccharide®] Al 4H&% g
MaEsrl Ade c2ds we By s At ARG EE 7ot
U} (Stanbury and Whitaker, 1984).

ml

d,— Y.D/.t‘#

Qe : B A4S T (specific productivity, ng ccell” - day™)
Yp/x - —)l—‘_vf%(yield of product)

D A 7HA A E(specific growth rate, day’')

- 14 -



Lb, At 22110 =50 G2 #HE
el wE = dME nlustr] g)stel NaHPO:eb vl ebs &
wowlElyl e £/2-Si v o] vjEEA 2R gle] dAafle g NaNOs, NHyCl

Gl
o Algatgth ¥ AADL 7hz 0, 25, 50, /S uME FeE 2 Hrlsidal, 5Y

Lo

vho} wj ko] & samplingdle] membrane filter2 o #atdan, I ojFH S FA
Bzt FA AyeA] gL AT WE B

T

(2) elergio) I3

Axgle] AFA FdstA dgen HE Al HiwiAde Axrt 4AE

7] 9)%t Ai¥ T4 NalhPO:. 2H05 1uMZ #7istear v A= {/2-6i

wjAle] MR zAHE Wrisle] dFUER) pre-incubation A7 F 27)FE
200 cells/mL% 4 F3FH

ol o 2= F7i9lel NaH.PO:.2H.0E 0, 1, 25, 5, 10uM ¥ 5= Z47}

Avpsisde). Aage] Feol 3t A% dFedls NaNOsE f/2-Sivj# 2} 7]

E

ool

2) dASH2 HY0 et &
Polysaccharide AJ4kell olA& GF=4 9
olalel f/20u) Ko A 2ofo] 4+ Athdt & 7tz N, P, Fe, Mn, EDTA, Vitamino©]
AdE wAeA  wekstdan. oS 59vltt  samplingslel M EEE

polysaccharide 2§ 4Fek-8 vlnrsh o)

il
i)

of g FEFE ey

@zzio] W polysaccharide A2h#e 2ARSE7) ¢lale] tlF271¢ S
= C. polykrikoides S £/2 - Sig| #] o) A Eshe] 27EE widstRvh Fxd2 24

L¥} 14L:10D2 ol 2zt zx7iolx] 5Untt}  samplingste] AHEES,

polysaccharide®] A§AkakS 7p7t ] wshs .

_15_



=20 Welo] w2 polysaccharide B2bekS wjalsl7] $iafA g4 7]
ol AEE f/2-SiHlAe] "ol 20-26 CR 7 A AT F ARTE

polysaccharide2] 4§ :FeFS Bl &g Th

5) gt HR2kO| M2 polysaccharidell 244t
phel 4 HjokS 93] N -limited medium-& NaNO; NaHPO; 2}7} 10 pM,

P-limited medium-& NaNO,; NaH.PQ; z}z} 100 M, 1uMZ wr=o] dFYF

ro

o pre-incubation A7l % 2% % 200cells/mLE 733 EstHAtt HHd<5u) ok
49 7tz e g A X et (cell suspension)2 Al #3}al dilution rates7t 0.0125 -
0.0750 day'17} 52 fresh mediume #H7}slEch A Ao XU E

==

HAulAoz A4sln, o738 F exopolysaccharide®] %S S 30

_16_



w
JA
iy
i
0z
r
o
10
N
ik
i
0
=2}
1z
m
1la
o
Il
in
gt
il
1o
am
0x

%
=
0
0z

o
ol
N

w sjole) 41 B4 A BRAE FASAS 47 Ashel 2002
A C polykrikoides 2 3
NAsle 10Me] GRS A HFg 2).

B AFE PEstel 7ARE 9AAA 6 2AAA

o

(Strickland and Parsons, 1972). 2¥ £33 E2 A 444 C

“::
&
=
=,
==
2.
=
I
@0
Lo
N
]

g selsly, wEsl4 1LS Algste] Lugol&foz

st A9AelA AAAA HEFE 0mlsh HES FHEech A5e
¥ AR 01 mLE # 3ol Sedgewick Rafter counting chamberE ¢ & s}
Fabal v 2 (Olympus, BH-2)SIol 4 £ 547 wslal 4ol SHM LTS 21
=y &

l
il

LadE F9o T4 Yamaji(1984)9} Chihara and

’.4 T

r
gt
ﬁ|1

A ol del A 0% ol 2HY $27 G ﬁ?%ﬂ%’\é% %‘ﬂ%ﬁﬂ T U

(diversity : H)3} 3 G 5 (evenness : )iz 2}

N
-
92!
=
jat)
3
3
Q
:5
)
5
]
=
=)
a9
I3
X
W
=
&
3
=
=}
]

and Wiener, 1963), Pielou index (Pielou, 1966) & A4kl oju] 4L 1-44
FAuks Alstraloh
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Sacheon
oNgyeunNg i o
% jv 34.9°N
. -
Sary ¢ 4
4 G pod
[ ]
AN
okp%&a &
o
I 345"
12'7'9“ 1218.3” 125.7“5

Fig. 2. A map of Tongyeong, Korea, showing location of sampling

stations in 2002.
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b
nlogn — f[]ogff.
H E S i;.

)
k : category
n: e A7)

fy category iol4 A= 5

]: 7H’ 4 }I max Ing

Ng zenEe] $2AS AW, AVE, gRER dotst] o8 $HFe

’

-

2 ZA] B2 (Principal component analysis)2 A8tk FAHZ FAMI
5449 AU LRe] g5k SRR AT BFAE AT HARA
(Cluster analysis)S 4 A)stgth. 33412 Hierarchial cluster analysis® A F
2ol AP A5 (Squares Buclidean Distances)E o] 43ttt 12]al A&
sonEs) pEol 4P oA SRS doleis] st £, G,
E, ermujoba, AL, kel AE FarAaE Ads § 70 295 4u
A Z=s) ¥ (Correlation matrix)S o] &35l F=AJ &4 (Principal  Component

Analysis)& 2 A18Hch e EAEAL SPSS 75 (SPSS Co.) 2R IH S |53}
of At

_19_



Hl 2 & Polysaccharidel §4

1. Polysaccharidedt &0l Olxl= &

I
BECEA Wit 0g Dol Bt 2em) pilee] AEH A FE F

2ol aa ol CochlodiniumA z7F HANS o 20,000 cells/mL

-8
P =1
olate] ARE FEsld P4 & AFRE Al Agednh Az

=4

Fzolo] ol B2 Yol Bulste Fdo] offFel rlAE dade] Wl ddstde
M Aas]gel] o]F2 wol controlZ sttt ARG AE5NE ouseR
: w2 Agstdn. HEet £

3 A 5ta] phenol/H:S0 082 4 e § Fie
A 5

L 23.24°, 18] A

OH
==

M

M

g

Bl

3) g
24A)7F Tor Hxg e YolE olfe g dHud ¥
sytingeS o] &3l A3 stadck o]2 ZA] Stat Profile ultra 5 analyzer(NOVA

Biochemical Co.)E ol gate] Halle] pH, POE Z=7 sl c)

_20_



= SXH(thermal property) 85
%28 A2 aluminum pand] %3 sample encapsulation press&
5

Ao A BEE 200 WHE A 7]5F8H20 mL/min)ef A

&
“JR ot

10 C/minz  7hgsiHA FEEHs gars  DSC(Differential  Scanning
Calorimeter, perkin-elmer(USA, pyrisl))= ol g3l =AU olw EFA

29l Indium (m.p.=156.6 C, heat of fusion=6.8 cal/g)& Abg3te] 29 <

292 BYsgh. 93 Hol(thermogram)ol A FEel WAooz S
Axetgar Asle] Al =(onset temperature < To), FHilZE(peak

temperature : Tp), $+5-& 5 (conclusion temperature : TyRZ TR FHsIA

.

7) 2& & A (flocculanting acitivity) &2
Nakamura(1976) W#e @daiged dsAaz B s(activated

H
carbon, Sigma Co.)& A}-8-3}e] Al S 217 x 190 mm)ell 0.5 % (w/v, 5000 ppm)

o

activated carbon 3 Eel 10 mL w2 1.0% (w/v) CaCly &< 100 pL& A7t
5l & o] 7)o w7 xanthan gum, EPSE 1-5% (w/vyel ez 2h7b Hot
2 HFig. 3). o] NS of 30x7 Aol EFEAT. ol F 107 %
oo Fx| To] Azl S FRT Aol M FAHT ghg okl el Al

Sith

Flocculating activity (UfmlL) = AE B

« 100 % dilution rate

A : Absorbance of reference sample

B : Absorbance of reaction mixture

_21_



05 % activated carbon 10mL + 1.0% CaCl, 0.1 mL

1 min violent agitation

l

0.1 mL bioflocculant

l

30 s violent agitation

y

30 s gentle agitation

!

10 min upper part of the soln.

l

Absorbance at 550 nm

Fig. 3. Procedures of flocculating activity measurement.
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3) As9 &2 (water-holding capacity, WHC) =&
s 23} 7] 9|8 polysaccharide A% b7y 01-20% (w/v)

2 A =ate] mE eEe ik fARe @ Yol vortex mixer® 183 &

ok

g 0o e 1AZHE WAF F, 12000 rpme A 1583 A4lE e st
Azale AAst FaFold AR ds AFE M8 15E BE FEE

213 A AstgtHChen et al., 1988). ¢|4< dry oven(110 T, overnight)ol|

gepstel SuEeae) Faeld AEFU FE weYos At

x

4) 8l d(solubility) =&

galAd =S Fig 4olA sk Zo] 7b Gulo] sampleg ¥ F W3}
slod AR F o &S phenol/H:S0M o2 S48
Polysaccharides®) z}g Bulloll digh &84 F4= ga& Dw., Ak A7), 771
gujz =W Adste] ZAstgon ofel A ofa) Ade Ak

L

A-B

Soluble substance mass (mg/ml) =

<0.97

Solubility (%) = solulbility mass<100

A : total substance mass (mg/mL)

B : soluble substance mass (mg/mL)

* . molercular weight ratio

- 23 -



Various solvent

+
Dried polysaccharide 2 mg/each other solvent(20 mL)

|
Homogenization(20,000 rpm)

l

10 min standing

l
Spin down(13,000 rpm)

l
Upper part
l

Phenol-sulfuric method(490 nm)

Fig. 4. Procedures of solubility measurement.
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A3 & 2 &

il

R 1 & Cochlodinium polykrikoides A 2b8l&E = |IISZE

1. C polvkrikoidesOIN 2HIE= |IIZES JI&2

Jm

A
o

1) HHEEESH

C. polykrikoidesZ w2 Al 2 AAGAE A 8] chain S vk AZE &
8l 7t % 8chaing RYAT 1243EE = Aol 2-4chaing X3, 16U FFH
1cello] WEbyton 24ei thi-2 1cello]vhFig. 5). ®=§ AEe] Hab
diameter2 243 B z7oE 20moldy Aol thF24 710 16U A=

28 ymi ARTL o] % Az MES A77 21 mE AolR tH(Fig. 6).

?2) Polysaccharide®t HUH& 2| B3}

C. polykrikoidesS /2 - Sivf 2ol A} wjFata] Axzs=7F Z7hgtel] ubat KERT)
2= polysaccharidest ghde] vk 9r) 8 ArdeE A Ay
£ Fig. 7o) LhehR Rl

ALzt Z7)o] 190cell/mL= w]oke AlAete] o434 7] (exponential
phase)s AA diF F 129 3,300 cells/mL7} Hiew, 208744 3,400
cells/mL& “g#| 7|(stationary phase)& Holtpz} o] & A 7|(declining phase)
2 ozaE A 2426 2,890 cells/mLe A ZE57F FFAHSL, S-S
0.208 day’' @tt.

2u)¥ exopolysaccharide(EPS) ¢ ¥ =& %] 3.0mg/Le] wjF F 8ol

343 mg/LE Z7hE 7] Al #ate], 126l 400 mg/L, 1els GA 7o &85
t-oofo] WA ZEvhElel FA 7| wvlel 202 Hdighel 6.02mg/LE Mo

- 25 -



100 I T -

80 ;

5 60 |

o

£

E a0

Q

20

0

0 4 8 12 16 20 24
Cultivation pericd (day)
m 8cell @4cell O 2cell O1cell

Fig. 5. Chain number of cells during cultivation of C. polykrikoides.
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Cel! diameter (um)

25

20

15

0 4 8 12 16 20 24
Cultivation period (day)

Fig. 6. Mean diameter of C. polykrikoides during cultivation.
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Cell density (x10%cells/mL)

Fig.

—e— Cell density —c— EPS
——ICPS —[1— Protein

EPS, ICPS and protein (mg/L)

0 4 8 12 16 20 24

Cultivation period (day)

. Exopolysaccharide(EPS), intracellular polysaccharide(ICPS),

and protein concentration, cell density during cultivation

of C. pul}/krikuz'des.
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o] & oko] o] AdrldliE 5.69mg/LE el stobHth Intracellular
polysaccharide(ICPS) % 7o) 052mg/L o A<l 169742 0.65
mg/Li F=o Zvizh Aol givbvh A7) drlel Srbse] 1.13mg/LE E2|
Mzle REx, LWrd S 088mg/LE  Tastiith o 3 C
polykrikoides'= v eF Al exopolysaccharide®} intracellular polysaccharide®} F*x
A 27bE s Ay Wl 7z Hulge Rds ¢ 4 ATk oAl
Z Q) Cylindrotheca closterium, Chactoceros affine s e A8 ZetoakEd

A UepdE @abis B9k Vel Myklestad, 1995; Staats et al., 2000).
Z7]o] 055mg/Lolglo} aloke] W EEA

j

!

rir

ol dezEe) Fn
gz 7101 16e] A2gkel 031mg/LE wold o), A7 il 204 o F
119-120mg/L Z7bESich o& Mxvh 29717k $o] cell lysis7} ojrt
WA ge gmASe] Ruldi Aog A7 vh(Staats et al., 2000).

C. polykrikoides A3 & FHlE exopolysaccharide®] &% % HW 12 o =
121 pg/cells 714 w2 @h= vl o}, A 7)o exopolysaccharidee] 454k
o] Z7IE|AA] wriel 1.77 pg/cell S ¥ o1, Ao E= 197 pg/feell 713
o 3o weltd, ol 4wl Alxavl AuAez wel Wolzny] wE
o|c}(Fig. 8). “1¥jL} intracellular polysaccharide™ 4 3} 7] Z71e] 019 pg/cell
olgithrt AA7] utz|eb Awrlel 24z 033, 030 pg/cellol vt WA
exopolysaccharide®] 1] et ZolalA AR 7| Eojzbe 12de] 0.10
pu/cells 7 sre ghe maled) g 7lele 035 pg/cell, £@7]dE 041

107k Rtk o] 2 Ea] wjekz7]e| AAibE carbohydratet T

Y

pg/cell &
A internal pool Zbell  ALEHASES 2 4 Adw, Tl
exopolysaccharides}  ©Hbd  &8]7} =7 Ae  AEAgge] BE
of wgl T o] internal poole] Z7tell o] of AMEHA @il HEEHH
42} exopolysaccharidest w9} deo] sizlgod m& o Ay z=E eh(Lin and

Buskey, 2000).
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EPS. ICPS and protein (pg/cell)

Fig.

25

20

15

1.0

05

O Transition phase
Stationary phase
m Declining phase

EPS ICPS Protein

8. Production of exopolysaccharide, intracellular polysaccharide

and protein of the cell in C. polykrikoides culture.
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3) OL0]'=&tamino acid}el giat

wlorel A e ul P ofwwte] Frwsts 4] el ofn| =2t 2052
iwAs g ot o]F okal wslvl A% 105 & Fig. 9o vehAIH:

Prolined A®8 iR ofmicale] Fwi okl uteh 7] W7k f
T ARy ol 20 FEsb @AE FrhEdch 53] ofriedte] Sk
voujek Vol wlste] FHWE FA 7] @il 41-2282 874 SrbE ]
cysteine, glycine, histamine, tyrosine, valine, lysine% 41 -86.24, leucine,
phenylalanine, isoleucine<- 178.6 - 22828 74 A Z 7} $lch. Proline® A Wik
v E8 A4 ol RulERy, web wleAlvlo] meh e obElw kst
g ¥R T2 BYh Prolineg HA ofpxil F 7)ol 842-903 %=
Aatgoud AA7lele 204% &£Prlele 531%%F xSt 2 9
cysteine, histamine, valine, isoleucine, leucine, phenylalanine-2 % =]~ 7)ol A A

mole2] 506 %5 ATk e L 9 oh=iEe wulke el 37t

wAlg e Agkzdl ol AEUelA AL turnover timed VA E3HH

= AFstE AEst AY 2o Hu AedEA Sy WeEes A7dn

il

(Myklestad et al., 1989).
C. polykrikoides W ¥ A} E-Hl¥ ofv] ik FH< T2 A58 ZFaE
A Ard Ade wol @itk IR, AFET

(extracellular product)el] A oo = AF S Folsly - d

r

g =T

~

=

H 359 Chaetoceros
affinis, Ch. debile-- glutamine, glycine, glutamic acid 2 1830 Phaeodactylum
tricopmutum, Coscinodiscus granii, Skeletonema costatum %2 glutamine®) Fx7}
o} 9- =3k th(Poulet and Martin-Jezequel, 1983; Lu and Stephens, 1984;
Admiraal et al, 1986). 3} Lee and Cronin(1984)¢} Wakeham(1984) e 8
Aol a] AE ZPasel FTHol AHglel aspartic acid, glycine, serine,

alanines t3rak 15% 9] olwnwibs Ee}sl gl e, Eberlein 55 Phaeocystis

bloom Hotel fejopvlnests gabshetgict w we detasel dEFAA



90 -

60

Amino acid (nmol/L)

—@— Cys —0—Gly —a—His
——Pro —m—Tyr —}Val
——lle —=—Leu —==—Phe

30

Cultivation period {day)

Fig. 9. Extracellular amino acids concentration during cultivation

of C. polykrikoides.
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2alel ofu]iAtel] thal ¢ltslAri(Ahlgren et al, 1992). A5 EEkiiEelA
2elg) opweibe] EHiz go] wel vlan, ol R Ay FL #al

st 208 a7t ¥k (Metaxatos et al, 2003)

WA whe cellular carboni} nitrogen?] WS ZAlste] Fig. 109
o1t} Cellular carbon?] k& %7] 1.85mg/L uirt MxEg7) F7hekel
wet A3 yeb Fobse] AR 7] @l 552mg/LE YHE =Sk o] Al
Fozase] ok 512mg/LE ghol #Aas gl 28yt nitrogen®] <k

o ggZa7)d 053mg/Le S BGx, 2710l 071 mg/Le Hgte

M E carbon®] BTl wlek 276 272 pg/eellZ 7P Fthrb 120
1.40 pg/cell, 24Y0) 1.77 pg/celle] #-5 R ATH A ED nitrogene] F- % F
)5 Muko @ wWjokz7lel 0.33 pg/cellz 7H4 FTvb wieke] AR 3}
~yotirl Gx7) o1& A& Zviso] 2d7)el 025pg/celle] S HATH
(Fig. 11) el A7t 7lgasdes 2d5 o wet AT carbon,
nitrogen®] oFo] zhagh Aoz AAHW o =EAME Fe A At
L ghth(Myklestad et al., 1989).

wjarckAlol whe RuejgE BA7s Ev) A7l #EAds dv) #lE

~

cellular carbon, nitrogen Iejil AXWi, exopolysaccharide, intracellular
polysaccharide, protein, ©}7j=4te) FEele] FHTAAS FHEYL H §94
= 0054 SelAde HAHSErHTable 2). Aix¥ri= cellular carbon,

J

nitrogena} o] 4 4P HAE 7HH I, exopolysaccharidew= Azde s A esh
A =3, 18)31 exopolysaccharide, obvjx=2ba ol 0.001o A 2] &
AnBAE ATk oly: AEMEetE MR gAY weh exopoly-
saccharides} 2H)| 57, E§k o|gh 79 mseh Al7]o] dujd, ofpieqlo] &

nxloy ¢e} re Auprp e Ao g2 Ay ch(Hellebust, 1974; Fogg, 1983).
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Fig. 10. Cell density, cellular carbon and nitrogen concentration

during cultivation of C. polykrikoides.
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Fig. 11. Cellular carbon and nitrate concentration of the cell

during cultivation of C. polykrikuides.
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Table 2. Correlation matrix of variables in C. polykrikoides cultures

. . Cell
Constituents .
density
EPS 0.731
ICPS 0.636
Protein 0.280

Cellular carbon 0817
Cellular nitrogen 0.818°

Amino acid 0.494

EPS

0.952"
0.851"
0.853
0.851

0.837

ICPS

0.861°

0.704

0.705

0.960"

Protein

0.627

0.626

0.823

Cellular Cellular
carbon nitrogen

1.000

0.543

0.546

" Correlation is significant at 0.05 level

" Correlation is significant at 0.001 Jevel
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5) 2 £J|EtA(Dissolved organic carbon, DOC)2| B3}
glojal o 2 Bnlg §% §7)gk4(dissolved organic carbon, DOC)2] %F&

]
thr} Am)el 9920 pg/LE P w2 gS HATHFig 12). WY T ALH

Ao e Z7)d vlE] ogE2 712l 8Yell 5323 ug/LE vHE wEe gE W

O

exopolysaccharide, @4 52 U ¥-& DOCE o %= sjolth w3l rlE AS
ST DOCE A7l dvd dE ZHEAEY  Fol mdM  total
carbohydratee] 70~80 %, @WH= 80 % o]l polysaccharided 77} Atk
stc}(Lancelot, 1984; Myklestad et al., 1989).

NE EggEo] RulslE §7EAELS FA A micobial food webol
W Fad e stod, el H@A 17 A F 30-50% 4=E
bacterioplanktond] ©]3+ zolgle Wil IthAzam and Cho, 1987). #|&
zorase o8k frierae Bule  Chaetoceros species Rt Skeletonema
costatum@] A5 N @Re e Enuy AE IR e w2t g2
A CH(Hellebust, 1965; Myklestad, 1974). 208 §7124& §7188 ol 43l
bacteriadll 9|3 &3H o g oxp AAZ 2% 7|3 (remineralization)s] o] 247+
k) & (autotrophic celyol] o]a] F&tg & oA o Ax FANM T3 G
&9 3l Ao]thAzam and Cho, 1987)

wj kel el Al A carbong] %L cellular carbon¥t DOCZ vheld = Sl
thTable 3). ¥Vj&= carbon®] 42 A carbon®] oF ol 53.54-65.95 %%
on, o]F olp|leito g BHHE carbond] Y& 0.06-024% AT

4

b=l

)
i
X
=

2o oy Bule e SgEEe] JdA Yydder & 4%
chAlE £3) <dojvth Exopolysaccharide = w422 /) ol & 34.24 pg cell” day’
o] ax i AAE5, AR 7de 7P EL 47.04 py cell” day’ o] 22w 7 A

2wl el ar productivity= 0196 ng cell day't}. Intracellular polysaccharide
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Fig. 12. Dissolved organic carbon concentrations during cultivation

of C. polykrikoides.
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Table 3. Carbon production in C. polykrikoides culture for cellular and

extracellular fraction

Cellular Amino acid Total Per cell
o e (G 0D U o G s
(day) (cells/mL) {us/L)

N C N C C N

1 0 190 1854 204 3 1 - - - -
2 4 880 2390 288 5 1 8150 10540 272 033
3 8 1760 2916 308 5 1 5320 8236 1.66 018
4 12 3300 4605 531 5 1 7770 12375 140 016
5 16 3380 5180 444 4 1 6200 11380 153 013
6 20 3340 5520 541 15 5 6360 11880 162 016
7 24 2890 5121 714 8 2 9920 15041 1.77 025

C : carbon, N : nitrogen
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whe A =Astn As SN el A 6.05 pg cell "day AT A A7)
Xqi= 947 pgeell day”, 2 vlele 549 pg cell'day'o] &g AadQcy. ©
Wl W ehnwake A 7o) 2zt 1013, 3917 pyeell’ dayle] Hx g Mg

(Table 4). M ZEUoA Zol7b Az A& a2esid polysaccharide 2}
amino acid®] HY]& T biomasse] HlEle]l Frstged oA XS
E3) diffusiond] =848 yehdth(Hellebust, 1974; Fogg, 1983).

NE ZEggEol BAS Rulsle wrlEed did dde AEAEA
(sugar, amino acid, organic acid)e] A|%=He B8 W& SAEE AL Al S
nE A @ Aol gtk oy e FAd oiE ke JFA

=

(permeability coefficient)el] o}&l #}-¢-% iL(Allan et al, 1972), A EES

=

HuHol &7)E "ol Bul: 300-600dalton & IL o]4tol 7] wigof] FZ-Al

sl

A -8l (mediated transport) oyl o E polysaccharide®} -2 313
2 BAe = 2ys waEe S Hulgvl Carbohydrates= 894
Gold BA7e) @mAsl YA FuAA BEd FRABAT 447 B
A s BAL A ol whae] WE v FeE ERiEe 2ol
w3 B AL E R T exopolysaccharides] Adito] th2thes Zlo
X

D

A Z &8l (cell lysis) & 4] & 2] (extracellular) = 2 ¢ Z7}7} ol FolA A= &=

FH‘

A7t o, 2Ho s ZF2A7} polysaccharideE 7}A|aL A3EAE
A F 1d o AEwe s o|Fdnh. AXAs Axvta §3skae o W

o 9 E A (exocytosis)d] 28l ME Hre T wjEEP{(Ramus and Robins

o]

1975; Hoagland et al. 1993), exopolysaccharide®] A& thiF% intracellular
reserve?t= h2 7, diatom& =4 HAA oty v vjEicheE ARV}

2l tHAllan et al, 1972; Mylkestad et al., 1972).
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Table 4. Production rate of exopolysaccharide, intracellular polysaccharide,
protein and amino acid per cell during cultivation of C. polykrikoides

for different growth phase

Rate of production

(pg cell day™) (pmol cell” day )

EPS ICPS Protein Amino acid
Exponential phase 34.24 6.05 -18.31 12.36
Stationary phase 47.04 9.47 10.13 3917
Declining phase 41.51 5.49 9.88 29.85
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Fig. 13. Nitrate concentrations during cultivation of C. polykrikoides.
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Fig. 14. Phosphate concentrations during cultivation of C. polykrikoides.
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Fig. 15. Ammonia concentrations during cultivation of C. polykrikoides.
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2. Polysaccharide MAS] =& HISFEAH

9). f1e]a HoWEE AAES 200uM H7MSAS RS 7HE =k e
Aol upE exopolysaccharide?] Aibebs B LA Hrbsbx] ks BE
%7} 250 mg/Lell Al 469 mg/LE HWH S HY5, 25uM w2 H7HEE A
9 423 mg/LE el o), 50uM o el A= Aakee] 340 mg/Lo]ste] W
o @e Re(Fig. 16). o714 Akde] wxEvF 50uM m|Ho R e Fee
2 7)o HolsHA 2.39mg/L0ﬂH 430 mg/LE exopolysaccharide®] A8 4ket
o] A3 Z7tstgiont, Aol Fwmol 50uM oY A tgE 2 7]
BE] 243 mg/Loll 4 277 mg/LE Aibeke] g FrbstAT, widel A& Hel
ub2} A akeke] #Ajeh W= gldch

57 21 - — . - =] - - -1
WEAGEEE A09S B gRd AT 0193 day eln WY

2

o %7l 200pM7AR Fwrh ZUMgd o dAE FsER AR
productivity= AE S A gt S 45 0.181ng cell'day' 2 7} 33,

S0uM o] 4 HrbEtgE A% 0.023-0079ngcell’ day’'& wlawA ke e R

le3
)
o
>,

Q4o 50uM olstw. EHRS W FA7] ol Fel 110

mg/Lel 4ol e @g By, 100 pMelief FwelMe gA7] °F 1.0
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—@— Non addition

—O— 20uM
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©
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Cultivation period {day)

Fig. 16. Production of exopolysaccharide during cultivation

of C. polykrikoides in media with different nitrate

concentrations.
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Table 5. Specific growth rate and productivity of C. polykrikoides

at different nitrate concentrations

Incubation days ~ Max. cell

Concentration _ number
L i

0 21 2,500
25 16 2,600
50 16 3,590
100 16 3,950
200 16 4,550
400 16 3,360

SGR
(day "

0.193
0.257
(.286
0.295
0.308

0.280

Uy
(ng ccll ! day ')
o
0.178
0.023
0.050
0.063

0.079

SGR : Specific growth rate

gp : Specific productivity
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kg WO9lel FEo) 100uMelal e Weks A9 v de] ae thEe )

of wre e mgrH olRe R Audel wmel MELr HEE =

o) glal mede] R WA Agwe wel wudel 2zl F23
A

Z o] tHStaats at el., 2000).

by

Li, 2aED 22LI0F s OE HE

22l Algke] C. polykrikoides2] exopolysaccharidee] 4o &S F=
A2 F9 sl 249%E S dadoew HAgH EYorE 44 0, 25
50, 75uM F5 a2 #7}Ele] exopolysaccharideo] AAbe]l nl3]& o gks FAL
3t} “12]al exopolysaccharider} A A4FE 71 Al & &b A =] 7[<] 15U A 9F &
|7} w71R1 2049 AzE wluste Fig. 180 Yehier, ofnfe] AlEd4
% w9} productivity W] adle] Table 69l vfeh e,

U3 AES Egs d7etas dEang gEYeks drvtekRe 4% H

moky, 53] RilolE 50uME H7bEEe A% 0308day’® 71 AT

b

212y} exopolysaccharide®] A 2bed2 HA91g HrbshA &S A+ 8A7
wolel P morer ¢reujols}l dlmisle] AAAS BuME YIRS
$ vl =7 et Intracellular polysaccharidew $FEUobs 50 uME
HorstaA s o A2V #2le) 1.06 mg/L=2 7H3 =& & Btk
Exopolysaccharide 2] productivitys A4S 7184 ks A5 0183
ngeell'day'& 7H %e 2% HET grdols AEdE A$ w:o
g Wsle glodoh e 4

o] Agake. Zo1E] ANt intracellular polysaccharide2] 2 F sl A9

_Y‘_S‘

2 E& #HA Al Ao A exopolysaccharide
AP uw}E exopolysaccharide®] %22 intracellular polysaccharideo] 3k}

BREsA] bgkar(Table 7), ©}2 E3&) intracellular polysaccharidee] 733} &

H= o & 248 v 7y Fe] e soi Abg g oi(Staats ot al, 2000).
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—@— Non addition
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Fig. 17. Production of protein during cultivation of C. polykrikoides

Cuitivation period (day)

in media with different nitrate concentrations.
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Fig. 18. Exopolysaccharide (EPS) and intracellular polysaccharide (ICPS)
concentration during cultivation of C. polykrikeides at different

nitrate (a, b) and ammonia concentrations (¢, d).
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Table 6. Specific growth rate and productivity of C polykrikoides

at different nitrate and ammonia concentrations

Nitrate Ammonia
Concentration
SGR qp SGR qp
(day’]) (ng cell” day’]) (day’l) (ng cell” day™)
0 0.190 0.183 0.182 0.179
25 0.198 0.132 0.295 0.060
50 0.216 0.064 0.308 0.069
75 0.223 0.024 0.279 0.041

SGR @ Specific growth rate

qp : Specific productivity
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Table 7. Growth rate, accumulation rate of EPS and ICPS, protein
concentration and the EPS/ICPS ratio of C. polykrikoides

grown for 20 days with 50 uM nitrate or ammonia addition

Nitrate Ammonia

SGR(day™) 0.22 0.31

EPS accumlillatl(_)]n rate 14.76 16.98
(pgcell” day™)

ICPS accun‘l‘]ulatliclm rate 6.47 783
(pgcell” day )

Protein (pg/cells) 0.37 0.44

EPS/ICPS 2.28 217
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AE e AT S0uME drdolst Ane HahgRe A5 A
CAAEE B ENEES AN 2o G¥ 4Ll R E S0uME
H7bgl e A% 0.31 day‘li 7} e kal, exopolysaccharide®} intracellular
polysaccharide® &A% x& R Uols AV S o 7Hz) 16.98, 7.83
pe cell day’1i ] we e Byt wd A XD protein®] T YU o}

= WS 4 o mgou, EPS/ICPSY Bl dage Fride A5 T

olglgt 2B ZFAEo|A e exopolysaccharide?] HHl= 27/ A%
Akl Fas 7zl Bo BedA COE 1mgste] A3 overflow metabolism
o Antel= oz el drk(Myklestad, 1995 Waite et al., 1995). & &
W Cylindritheca closterium-2 exopolysaccharide%—_ ZAAQlo g oRijol = 4
Abedg ALREES W vEebE ARl 2 overflow metabolismE A ™ sl
itk AAageg ¢gruyclE AMEIAS Ae, A Ho o ¥ dAE
COx9l ghgdol o] 88 4 7] wio] v] % carbohydrates} @S Ak
& 8t 52 e Aot Aagior AhE e fEUokE AR el wlslel
exopolysaccharide/intracellular polysaccharide®} ®17}F dAsivte A& F3l
overflow metabolismo. 2 AALgEITtE Zolt(Turpin, 1991, 28y C
polykrikoidest= YR UolE A7l A9 AxAddd =342 o] @bk
hRuols HrzlHS 49 Ko d@idds HrE 45 exopolysaccharide
/intracellular polysaccharide®] ul7} o Egkeh. wlgbr] C. polykrikoides 23
Bl ¢] metabolismol] & #4291 A7) H R sk

(2) elarg 2l FHgt
C. polykrikoides©] Ao A2 Adz7E 47 Hal ¢ & UL
o Qe pre uwhe} Hrhste] polysaccharidest @A S FeE 75

of 7t A%E wlustgcHFig 19).
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Fig. 19. Production of exopolysaccharide during cultivation
of C. polykrikoides in media with different phosphate

concentrations.
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oAkl S 0, 1.0, 25, 5.0, 10,0 M2 ¥z H29S A AxEdae o
-1.0uM FrRol s AHume mustye Alzke] 16U o] A AIRE 25uM o] &
Hulelgig A9 13Yel Az =detqivy. s AgaslEg Wy

b, F5o mWE  exopoly-
saccharide®] 958 =W, 10.0uM=z F718938 HAF 27 20mg/LolA] 3.67
mg/LZ 7} =2 exopolysaccharide?] A4HS Rk 12 A4l st
of dAThAle] wE exopolysaccharided] F33 7% Fri7b ¢, #F7pst

A el Fwel w2 exopolysaccharides] AT Arpgt zpols e A

2]

A% A% Hve Q498 Adaas A 0225day’eAw 14kl
FX27F 100pM7 A w27 F7Eskl uhel F7F8EH AL, exopolysaccharide ]
productivity = Q13kd el F= 25uM cjitel 45 0.145-0.149ngce11’1 day’li
o) 0-25uMe] 4§ 0121 - 0125ngjcdl day 2 s gHS X Eri(Table
8).

o

guel ke NS AARA Qe A9 119mg/LE b ®E @
S uYx, 10uME F7hstde A, 070mg/LR A4 Be 3 Blck(Fig.
20). Qg FEAdM Aig AdlMst g 2nE e e

@

polykrikoides & Aol HA o7 ¢ro g fild] st AHeH A7 Al
ojob & Ao g AlztECH

A Qaredel ARS LA Uth C polykrikoidesi= Q44 ABRE HS
exopolysaccharide®] Aj2babg 27] 200 mg/LalA #Hdl 3.40 mg/Lo] A A4,
AAE S Al S v 4.60 mg/LZ exopolysaccharide2] AJiteFo] N @otal,
DS ADBE B5E RPA Aol Aol whik ek Aol Ael g

Ak, kel e AddS A wriR 238 Sk 28 AdEs Wk
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Table 8. Specific growth rate and productivity of C. polykrikoides

at different phosphate concentrations

. Incubation days
Concentration

(trtr)
0 7 16
1.0 16
25 13
5.0 13
10.0 13

Max. cell
number
(cells/ m¥)

1,820

1,850

2,100

2,400

2,700

SGR

(day™)

0.225

0.226

0.293

0.308

0.320

dp

(ngcell " day™)

0121

0.125

0.149

0.146

0.145

SGR : Specific growth rate
qr : Specific productivity
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Fig. 20. Production of protein during cultivation of C. polykrikoides

in media with different phosphate concentrations.
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2o AyaEe AR H@aEl] 5o]FQ exopolysaccharide FHlv= 7t

~ = ghA A o]

_ o] & .0
e 5 SAF acgle] Jgs v

[e Il

22wk B3], gokedl 2 ASo| v d8kl w|zchte 48 o A3AdE u
551 glch(Hellebust, 1974; Myklestad, 1977; Wangersky, 1978; Buzzelli et al.
1997; Rijsse. et al. 2000; Staats et al., 2000). Exopolysaccharide®] #H| S8 &

E7F EolA S Heled Fo wel ¢ FIH A% exopolysaccharidee] 4 4h

7 Buls 5089 zpelrt sl Rark ltiMyklestad, 1977). 1 EE A
& ZYAE Zo 02 exopolysaccharide FH4 9] e} e 73l 27l
53], wiAe] ARl daks wro] Wolx AUF £Ee wd He FFAE
Al A Sol @etAlAl ¥l5L, exopolysaccharideo] Hibe £ nbA =

g Eof C dosterinm®] 745 F2 HFES Aol AR b= BF

o} exopolysaccharide7} A 4FElTiil &}9ch(Staats et al, 1999a). Ze]il o] &

i
i2)

o] A& Bojrte AL Akl Zy wEeoln, ¢]Zlo] exopolysaccharide
o] A& ZACE L& Ch affinise] A AN Aol A=A A
A7l golzbar, olel upe} exopolysaccharide?} A Abg] R uh, ol Akl o A 3l
S A9 Hoh @& %9 exopolysaccharider} Y4bE| vt of 22 kg A
stoll Al xAe] Aol AHs|E7] wfio] Ao BFA Tl extracellular
carbohydrate® A8l A4 = Zlolul Tl MEAZGNA AEZEHe] W5
Al A E ehl A A W carbohydrate2] gte] 91EF F HinwEd 52 £5F
exopolysaccharide s 4§ 4H$tth(Myklestad and Haug, 1972). 1
pelliculosa(Lewin, 1995) % 7€}l & E(Waite et al, 1995)% A4

SR} 912kE S Al B4 exopolysaccharided @Wol Mgt 237 U
v} 2} Skeletonema costatum-& N/P ratio®} E8 202 Fud

#glo] exopolysaccharideE A 2bghch ov] gk o] 17 43=

=
A FEw EEolnL N/P ratoZhsAl Foapvhe e o4 ok
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polysaccharideo] ®Hl= A& wro A4l Ty 919l wol ofs) 24y

2, olEl A, ¢

'~
LR S LIS

de

& A3 %™ intracellular carbohydrate®] Aj%bo|

Z71% = o] ofy gt exopolysaccharideo] 8|7} F7)8ke= Aot of 7] ¥
o wre A wme oY wird 9%k polysaccharide®] ¥H] 55 A%

=
b= 8= (intracellular carbohydrate)e] 2o k8 w4 i, Oh&

i
o) AU Zef) AdFFS Wb 710 @ AZFECH(Staats et al, 2000). o]# A =71H
exopolysaccharide matrix= 719 % £ F7] dddol et 2844

3 d (polyelectrolyte) 2 7]z 8o 24 AegA Aoz g F Q3 Admiraal
and Werner, 1983). =3l exopolysaccharidei= phosphatasez} @433 4 =
Ael s A Tetar, 489 HeeMe Fagh 92 doh(Myklestad, 1995).
Qlel AE Eafl C polykrikoidese] 49 U T Aargy Fx7l A
Yla, AMdel w57 908 45 exopolysaccharide®] Ajl4bsFo| viqlar, Hb
a2 e v w3, Aol 9Fo] A =S A F exopolysaccharide

. polykrikoides®] A} exopolysaccharide®] 444k

o2
X
>
=2
Yo
i,
g

o

17F @dkatr] wjol JA7E FEstrIHe YdedE A

ol w2 FA LS wialstE Tk v = 159U 20U A8 E FHoted AL
¥l exopolysaccharide, intracellular polysaccharide2] -2 nliisle] Fig. 21|
L ERA $ITE Exopolysaccharide®] Alqbafe- A= 7] @rjell tfz=~olA 491
mg/L A4E Ao ¥Ele] nitrogen®} Mng A|AZHES wf 717 545, 553

mg/LE 7hg wx Qo] FulEa, HlEWS AEAE

filo
o
Ho
e
4:.
&
=
a5
~.
—
it

wujgke) Z7b2h A9 gldth Intracellular polysaccharide®] 4bsF2 =& 7
ol 1.01-1.07mg/LE A2 nlsld ot Fed ZAPAZAS o 1.07mg/LE
Qoige Wt 123 viamin® ARARS A dlmTe] uwsted v

] C
!

LA

Fol Habx el
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Fig. 21. EPS and IPCS concentration during cultivation

of C. pelykrikoides without N, P, Fe, Mn, or vitamin.
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WA Cylindrotheca  closteriume N, P, S&  ZAfAHAS A5

exopolysaccharide?] Al 4tako] Z7Fe| AR Si, Fe 55 4AAAS 49 &
o] Z7l7b glia, ® Fol whebAs Prh 2EEmA) Aibgke] ZvldUE 4

#}7} 2l 9= (Staats, 2000), olw= AEF Ao SAol o Aog AzbHTh
Polysaccharide?] Er|sj8& F5o]8 ez Jgd Agaste §o e ¢

&2l
WelE 1obA) ¢lged], o] exopolysaccharidest thg =4 wjzlvSS 714

vty wgk oju dekE-AS AHA7 o2 intracellular polysaccharide

EAgNe Wel zde] oWl JgE vlA=rkE A7) Sl e 2US
24L ¥ 14L:10DE Fof exopolysaccharide, intracellular polysaccharide 1
v] 3l protein®] %F-& Wl nlshe] Fig. 22- 240 ujerd s}

o ¢} & 7)o &= exopolysaccharide2] 4Jab#fo] 24 Lz oA o HakAwk 4
o] AsE WA 14L:10D ¢ 2 A 217} 549, 624 mg/LE ¢Hel-8-A|7H-e

1S uf 1138 v] =& atekg W gch Intracellular polysaccharide®] 444k
2k 159 7bA = 24 L&A A v EkAih 20280 14L: 10D A A 1.24

W ] =9kch Proteine] k2 whE 14 L:10D @A 1547 2= U] %%

Ak 20 = 24 LE A A 1.2549] ] =2 s RErk
gk zhzte] zAA MFAAETE zabs] ®W 2413 14 L:10D %
aolAl zhzb 0220, 0218 day’1§ Hj 53818 2. exopolysaccharide 9]

productivityl= 0191, 0255 ngcell’ day'© 2 14 L:10D ¢ z7doz W
g o o] =ty Z1g]a intracellular polysaccharide®] productivitys 2}z}
0.031, 0048 ngcell ' day'& 14 L:10D 9 7§ o] % %2 2griTable 9).

Glucan& diatomel| 4] AAEAg o] &5, EPSe A pAlZH 7]E9t

EPSe] AaHS 918k Blaol oA o w ARSHti(Myklestad et al, 1982).

1.
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Fig. 22. Production of exopolysaccharide during cultivation under

the conditions of different light(24 L or 14 L : 10 D).
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Fig. 23. Production of intracellular polysaccharide during cultivation

under the conditions of different light(24 L or 14 L: 10 D).

_64_



1.2

O24L
< 10 14L:10D
D
E
%2}

[

ko)

g 08

o

1]

Q

ooy

Q

o
06
0.4

0 5 15 20
Cultivation period (day)
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of different light(24 L or 14 L:10 D).
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Table 9. Specific growth rate and productivity of C. polykrikoides
at different light condition

Max. cell
Conditions number SGI,{] qf{ 4
(cells/mL) (day™) {ng cell” day™)
EPS 2,940 0.220 0.191
24,
ICPS 2,940 0.220 0.031
EPS 2,850 0.218 0.255
14L:10D
ICIS 2,850 0.218 0.048

SGR : Specific growth rate
qp © Specific productivity
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Intracellular carbohydrate2 -$off uwpe}l ¢+7](darkness) == ™ 7](light)o]
%] exopolysaccharide?] §hAde]l o] 8-%lth, &gk diatomel A 2] EPS AJ4k2 &k
S BAdE o] ofEE FIAe CO. w3t e APA Qo] gt
£ AR e glthSmith and Underwood, 1998). Hellebust(1965)% # &2
W A7l BARNE ZAAAE 223 adle]l HHE full sunlightold Al
E7F F =4S oA O we Edo] #uHlEi, Mague(1980)5 & thE BE
Aoy EHe gE& Fuans wHolugn vk F2F Skeletonema
costatum-2 o] A g A (limiting factor) & 2-8-akof W] Frert FAskd &
Ao F¥7F S7lEv e slg ol Benthic diatom®] 79 intracellular storage
carbohydrate} 7|59t EPSE 3ol ol 853, 3 F-olFH oA
EPS7E AAEThE Aol welA etk ene Wl ud SANNEIE Fo
me) e oyl e AS o 4 At HESE exopolysaccharideo] 3}8HH g2

B Beld SA AAEAel me tvhke A Aot et gk

o] & polysaccharide Ajdel HA xS 47 s =25 20, 22,

24, 26 T2 9] polysaccharides} protein®] A 4b#S H ¥ 3 A3 E Fig 25

o WelNRITE & 229 24 Toll Al Axdxr) v] &9, 20, 26 T A= A
EY s M e 7hS B o} 26 Coll M ARl e wukElis A

kol gholH . ol A EAA S Holgh Ay o wuw Ayel FY
g A= AQdHKim et al, 2001a). Polysaccharide®] A 2Faks. 24, 26 ol A
659-6.63mg/Le] vl A =& g8 HYED, protein® Fkao 22-24 TollA]

[

02 o] % 28Yofin A& 137-1.61mg/Le| e Mol Zlof HIs) 26 Tl A
SRERE

Bl 1.45mg/L9 Z}& Holrlr} 28%e= 133 mg/Le {FAishe A

5 Btk
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. 25. Concentration of EPS(@) and protein([ ]} concentration during

cultivation of different temperature conditions. (a) 20 C, (b) 22 C,

(c) 24 T, (d) 26 C.
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Hazel Agsis el meh Aol wisstd ot 24°CY 4y 0207
Y2 w9tk Productivityts *-57F 7kl e} 0.188 -
0.229 ng cell’ day' 2 Z7}ate] 26 CeollM 718 £ S B gPtHTable 10).

[
oY)
e
o
l:'
~N
-
A,
Gl
re
g\.

5) Brod B2l HE polysaccharide® At

ol re dLdor Jgdel FwE7] wWitd A@4ddAe] batch
culturee] FHAH S Watr] flsf whedd wichE Atk dUdd F HA
A& AdslyE A$ polysaccharide®] Aito] Zrpgel] ule) Az sel <l
Qe 74z7b A Ee el 2 dilution rateS 0.013-0.075day”' 2 Fo] 2@ E
A3}E Fig. 26, 279 e A

ARAT BE 2UlA HPA FEb e B3 ukE GFFAA2 Y

olgol HulwmA ddsits A% 9% 4 21900m Kim(1999)e] Avie}

o] %
A4 9} productivity 7} zhz} 0.22 day’l, 0.89 ngcell’1 day‘li 1A =a gHe

b}

glglct. 18] N-limited 2@ 4= dilution rate 0.050 day' of| A M EA]

wdeh w3 P-limited AT E2EA dilution rate 0.050 day’]oﬂ/’\i A
EAAFE el productivity 7F Z1zE 0.23 day’], 0.67 ng cell day‘rli HOFS B
2t} Dilution ratez} 0050 day ol 4] mjEAIZRe]  wE My EH T}
exopolysaccharide®] A 2FgFS Blw sty N -limited 270 = AR 77} gleol
b 2mo)l@ Solzkom 16A]7ke] exopolysaccharide®] #Huo) A4S u9ic).
“18)at P-limited 2AAE A2 771 29 & Auvol H)AgAre Bt
(Fig. 28, 29).

N - limited Z o)Al semi-continuous®] 4% batch cultureo] 3]3] A

productivity 7} 48] ¢4 S7HH S &4 ¢ AT

_69_



Table 10. Specific growth rate(SGR) and productivity of C polykrikoides

at different temperature conditions

Temperature Incubation days gj;ibéilsl SGR1 P
(0) (to-t1) (cells/mL) (day™) {ngcell day")
20 20 3,210 0.200 - 0.188
22 20 3,400 0.204 (0.188
24 20 3,540 0.207 0.213
26 20 3,140 0.199 0.229

SGR : Specific growth rate

dp : Specific productivity
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Fig. 26. Specific growth rate(SGR) and productivity in N-limited

semi - continuous culture at different dilution rates.
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Fig. 27. Specific growth rate(SGR) and productivity in P - limited

semi - continuous culture at different dilution rates.
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Fig. 28 Exopolysaccharide production and cell density in

N - limited semi - continuous culture at the dilution

rate of 0.05 day™.
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rate of 0.05 day”.
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zAL 717Hset AR ZEFAEe] £24L8 F 2945 48Fo] FAHSA=T
BRrdlgs 2570 155, 27502 A9 518 %E Hatda, vSoz 9
2 115 18F0. 2 380%, 18]l JEAHURZRFZ 2%, 2502 68%,
FEFAUERE 14, 1502 34 %5 Aot Fajdete] AE FHd3E F
227} Park(1980)9] H ol M= 60F o|4te] vEbdtial HMardt g ot Lim et
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A M % 48F0] 2date] 2 oo Aztel nlnslte gt AE HERAE
27t Azl @aeegty o)zt A zEE o (Shim et al. 1995, Shim and Yeo,
1988). &35 C polykrikoides #2202+ BRAART ALY 710 F
17t & F2Fe A ZE A
7)o ¥ 5w = wbA, Co opolykrikoides7} %38 AR ZERFE A A7l HEA e
2 Z@ste A o] 2ol ZAL Alvldl wel e 23 &9 AolE Btk o
2 Hole FERF7E ARZEF st 90 %4 A
BAMog W4 8YU 5o Aol whel 71.43-100 %
Y 1499 043-80.00%, 8¢ 290 361-75.00%Z A A
A ZIHEer 2R dAY] AasEe F%E HEon, 848 54 ofF s
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Table 11. The dominant species of phytoplankton in
Tongyeong from July to September, 2002

the coastal waters off

Date
2 July

29 July

31 July

2 August

3 August

4 August

5 August

14 August

29 August

18 Seplember

Dominant species

Chactoceros spp.
Skeletonerna costatum

Chaetoceros spp.
Skeletonenia costatum

Chaetocervs spp.
Coscinodiscus spp.
Skeletonema costatum
Thalassionenta nitzschioides

Chaetoceres spp.
Navicula spp.
Skeletonema costatum

Chaetoceros spp.
Coscinodiscus spp.
Lepilocylindrus spp.
Skeletonema costatum
Cochlodinivm polykrikoides

Chactoceros spp.
Skeletonena costatum

Chaetoceros spp.
Leptocylindrus spp.
Skeletonema costatunt
Cochlodinium polykrikoides

Chaetoceros spp.
Skeletonema costatum
Alexandrium spp.
Cochlodiniunt polykrikoides

Chaetoceros spp.
Nitzschia spp.
Skeletonena costatum
Cochlodinium polykrikoides

C}lﬂL’f()L'L’TUS Spp
Nitzschig spp.
Skeletonema costatum
Cochiodinium polykrikoides

Dominance ratio (%)
41.2-87.2
10.1-23.5

20.7-
243.

=)
Go

=jajole]
X gL o ]

—
b
o
! T
R Gk =

~IRaMNONC VN
PN O

IO .
kel

o
oA
O
g ®
S mw Ninwow mhe~N womsa N

o
<

PEPEF
=G s =
ol Ve
o

bJO
]
o N

oo
o2
OF b
NE=Jt e
NE=ECT

—
=

(DIOO

=1
o

=

i 1
oS dl opwh
NN G @
e W POk S

_83_



no
o

g
o

1.5

1.0

Diversity index

0.5

0.0

2.0

1.5

1.0

Evenness index

0.5

Q0.0

7/2  7/29 7/31 82 8/3 84 85 814 8/29 9/18
date
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e HAo 7lels]s Ao AEtiLim et al, 2003). &30 2% &}
7ol AAl wEee e JES e o 5 Ao AxsEATde C
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Hl 2 & Polysaccharidell 4

1. Polysaccharidedt S0l 0lXl= Hgt

1) C. polvkrikoides BZx& 218t HFHAIS & ¢l

AW FYAQA Hxrh Ty We) Audwst olfrs) o
o\t 2715 ZAbsle] Fig. 369 2o A% AUk el Abdglol Hxst
WAl gk & 5000 cells/mL o] A4be] Az a]z|e] bAoA Be #HAR )

dom Hzsh Aol By Al7ldlk 7hg A o ofFHALE degin
Kim %(2000a)2 #z9o] A9 C. polykrikoides7} 3,000, 5,000 12|31 8,000
cells/ymL7} & sl 4ol Al 244)12F Wl 30, 60, 100 %2] X ALES Bt v
o] @x= 8,000cells/mLell =ZH A0S uf 30%9 AH&S vepdlviy s5H3
oh 1E)ar o) i A FelME el & ol Fo HAR Ald dA A
oftfi= Ao Hel AiHoz wr|9 HiES FEA olFo xw, C
polykrikoides2] 11715 #HAFA 7] 9 2 E = (threshold lethal density)= f

3,000 cells/ mLe] 1T}

obzful Alze] atgla HEE op7|AA Mol 7FE AstA7la, oprtuie]
pately mucus RS AFAA GALEE sk wulAA ophe] WAL A
TEAA aEE s BUAdoz el Ao ol AATh BE Az xd
@ o] H = olybn] mucus? glycoprotein 49 #E S fdA)7) 1, ofrtr] Z
Ao glulal Mol f=abg of7|AA EFHQ alor Ayt doihe sl

ool tEle] o (Kim et al., 1999, 2000a, 2000b, 2001).
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Fig. 36. Annual variations on maximum number of cell and the

mortality of fishes by C. polykrikeides red tide outbreak
in Korean Coastal Waters (a) 2000, (b) 2001, (¢} 2002

(Solid circles are date of mortality).
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(Kim et al., 2002).

2) PolysaccharideJt HJ 0l OlXl= E&
Az QG sl HYEA ofFd g JFS Goprr] Hate F
g ¥z oupgd FREE Yo PO9f pHE vl sk Z3E Fig 380 it}
o}
20,000 cells/ml, Az ojdhro] o f5 HEitA] 2443 Fo ofF{= A9

=
2

Ay

7] A Ae] e R polysaccharide®] %ol whe} pHe: 71204 7.012 ¢f7he]
H3lE Hygon E3 PO 75.0mmHgolA 443 mmHgE ®Wo| uYlolxtt

(Table 12). o= Hza7} 5000 cells/mL = x5l olFsS WAL A$
Mool vZ2eh ARE AAHKim et al, 2000). ¥ Astg Fs) 2ol
4B A7 POE Bolmeled AFe wEL ¥ 4 Aoy 1 A

golME A%HS] At Bastca Yzhech
=g olf sAbe f19le] 9lo} Kim(2000) S AN ®@ C.
polykrikoides®] 75 FANLE WA A obsbu] Aol H&E ok/1AA olF

=2 HAA 7= AR A fle] Hthka dhed o, Kim(2002)5 0] AR &
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Fig. 37. Light microscopic views of gill filament of
the red sea bream(a, b) and block rockfish(c)

exposed to C. polykrikoides.
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Fig. 38. Changes of blood pH(A} and PO:(B) of red sea bream
by exposure at different polysaccharide concentration

for 24hrs.
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Table 12. Changes in blood pH nd PO of red sea bream exposed to

polysaccharide solution

Fish pH PO;(mmHg)

Control fish 7.12 75.0
Red sea
bream
Struggling fish* 7.01 443

*The fish exposed to polysaccharide solution for 24hrs.
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2| gk C polykrikoides o X A4S Ao AR @45, #vldE =42 5
oWl oM ofspel #lE eprigivi stdnh. W AlAF R Co polykrikoides
of &zl o7 #AAZE dejubAlrt 1 HAF 4912 vebrit} tha i g ] 2
A g AA gkar JtHGuzman et al, 1990). I1dy FEHoE C
polykrikoides 422 <Qlgh o] F dlAbs ®alg Edeo] AFAA JFS vAE
Ao Azbsta oddk. euR gadlA Feld £o] S #HAp S Y
U= Aol Fasioha Az
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of thiel 3 W FYEEE E4E sute esE 244 E4o ddHst |
sh= uf et 24 Walol] fubu]y= deo] Feh WEE HA4s] AT
slo|th,

151116 T A Gisf7)} doijxton] ojuf 1g2] exopolysaccharided 0]

= Hos dake 322843 calz el TH(Fig. 39). Xanthan gume} 72 g8
3 exel ggtdy) Zhb2t 17787 €, 1135cal/g o8 o2 nAE F&d vhdol

sl S8 2x A, degys 5o Ao g el oi(Kwon et al).

2) 2& =A(flocculant activity)

SHEAS PES 7] $s5te] xanthan gum& Hlar e R AA S AP
A C. polykrikoides7} F-¥]13+ exopolysaccharide®] 25 1-4 %714 SH&A
o] 50 U/mL o4 A%} xanthan gume] A¢ 2 514 30U/ml
olale] &AL Jelgla, 1-4% FEoAE= xanthan gumel HlajA] 45-2.1
vl oA =& 2FAEAHE el ith(Fig. 40). Exopolysaccharide?} 5 %ol A &
Aol tade e rluslel Zadk fgAgHe FAEA o] FAET

wjitofl Zhulz} ZkshAl Elo] PAzE Azybdtel o) gk RitE A o] dofitrl oy

.

2ol Aoz AlRE s dito|t) o]l A EZ A E polysaccharide= colony
= d@AGAY 2359 /52 sHAEd 3w Holdd weh A7) Holg

sl Zleje} Az gtk (Hoagland, 1993).
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Fig. 40. Flocculating activity of the polysaccharide and xanthan gum.
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3) =22 +=(WHC)

wade ade] AE, WATEY B oRUA Tmadel o kol
}

Aok FE 719lske Aol % (w/v) ThEiRe FeRe 49
A3 NEEE B5rE Y Baee] A s yetlch ol nEek=g HIt
Sl b Al w9jo] B3 nste] we nEachy A RIS

aEE Aes vede 433 AFEETh 1% w/v)olA 7 52 WY

3.82 ¢ water/g polysaccharideE vt th(Fig. 41).

4) 2ol = (solubility)
GuRel Sawel glo] ERe B B o] Aol £33 ciel
el

-OH7)7} BES AL v AR s} LE 71gAe F5 o

of polymerization, D.P.), #x}&F 53, 2|3t7]9] s}gf-px, Qo] 2 Aghetald
utz} Rl x = HaEshch(Son et al., 1995).

Exopolysaccharide?] &3] & XA A, Ed %9l& A% 7P =&
g dS wgga, Ade) AREE L] polarityo] ZA FHIFES L 5 U
UHTable 13). Al E-Zg=%¥0] Fulsls polysaccharide?] 749 Foff uwelr] &

s=7p wol @gte}. ExopolysaccharideS &4 7z Wo g Flg 45 A

2lstar B1E A WMoz FEE ASS R R ge BoMs F xA @
okA Ii= okl 7] B Mo A 88 % ¢t Hoagland et al., 1993)
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Fig. 41. Effects of various concentration on water holding

capacity(WHCQ) of polysaccharide.
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Table 13. Solubility of polysaccharide in various solvents

—— S

'Polari’ty ) .
Solvent (eo A203) Solubility (%)
HO High 85.6
5N-NaOH High 421
5N-HCI High 39.5
Acetic acid High 34.4
Formic acid High 57.8
Phosphoric acid High 31.0
Methanol 0.95 258
Ethanol 0.88 115
n-Propanol 0.82 18.3
Acetonitrile 0.65 12.6
Dichloromethane 0.42 16.6
Chloroform 0.40 16.6

Benzene

0.32 154
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C. polykrikoides A oFuals Histsts, Buld =25 #4835
71 98k s\ 2AERM C polykrikoideso| A BRI S f71Ede 7123 54
w polysaccharide MAFe] Z 2 Wl 2H& dobsilr. HH polysaccharide”}
oj FE|Alel| ml R gk B 1 BE|eA S dis) A

C. polykrikoidesZ WloFalgS uw exopolysaccharide(EPS)9}  intracellular
polysaccharide(ICPS)& #8I %= kel dalk F7hso] AA7) 2rlol 247 6.02,
113 mg/L2 Hoighe vhehgich gl de) ke 7)ol 043 mg/LE Aol
Ak e fASTI dEEar] 2y olF g FshHol Al 1.20
mg/Lg Hhghs Zth

oful e 2k2 prolineo] A Wl e Fa sHg wol ErlEda, AA o}

.

i)

-4k ew ol 20-90%E Akt 2 the 2= histamine, leucine, cysteine
ol AR e v ALHAUN
Exopolysaccharide, intracellular polysaccharide, L\ e =3 By B Y B =] =P s

wx oAz Mg & 52 AEen 53] exopolysaccharides= 47|

Jol AR Ee 47.04 pgeelltday’ Y £ AHAE
Cellular carbong] °F-& A7) Z71%be) wel Ax} s%7F F71Ee] A
A7) 7)ol 74A =9koi} nitrogene] ke Ad7lel HUES KAt ES

o)

foF & RH|H® carbone & A carbon?] 53.54-65.95 % HHt.
Polysaccharide 4§4tel #H# njgzroz drde) s Be, A4HS

A &3190S 7> exopolysaccharide®] Aato] FH ks B D, 50 uMo] ol A

Agatako] WolHoh ME AASEEE $EUols 50uM Hrbet RS 49 7t

rr

4F =ok3, productivityw FHE S AlgElE A5 0183 pg cell'day' o2 7}
4 =i ot e AFslgS w Bt 100ME Hobetd s A H o=

W nea, Axflel wakel Wod wmel wE gare] dolrt 2
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orstch Qe ARl A5 Aol Awel meh gudel Aol A
39

- zolET 200 E74R Be QNS B

Szl = Mne ARAZALS 49 exopolysaccharide] AJLFaFo] Z7}5]
9], Fel ATWAZAS A2 Intracellular polysaccharide®] F%7} s X
gl FzAo g 14L:10DE 94718 FAS A5 24 LET} exopolysaccahride
9 intracellular polysaccharie@] #§2beFe] 2+z} 113, 1.249) Z7kg 9k o8

24-26C W oA mL&4E polysaccharide® F%rt FUbEAE,  Hd
poly

T

productivity = 26 TellA 7}d 2 @& BEoh vds wjks & AR
dilution rate’} 0.05 day"?J_ ) HE AL} productivityZl 7HE Fk A,
batch cultureol] Hla] A productivity7} 48l o]4t F7+= %

C. polykrikoides Az WAl Aol F39 ol AT KA LRE FFFY

o7 9QEHe FaEe] dgkdel Frrt FriH, T AEEFAES ¥
v ZybgEe o otk AR F8A vy C opolykrikoideso] ] <lel whalA]

AT 97 o a A Vel R 20,000 cells/mL o) o] A2 E veRE A
o Ao A= 75mg/Lol4 ] polysaccharides AJAkghel wpeh 8 f715HA
FE SR

Polysaccharide & 2o] ool v A+ JFS FHEA o off adgte

=

2

wojrcg)w, AbaRQEe polysaccharide?] s%7F FVigo] ubel o w2 Fo

T Ao oF 2=
2 ol gs ¥ & U
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Polysaccharide®] H254& 4 3 Ay g4 151116 C, enthalpy
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