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Yang Soon Kang'*, Jung No Kwon? and Kyoung Ho An!

IMarine Harmful Organism Research Team, National Fisheries Research & Development Institute, Pusan 619-902, Korea
2Research Planning Team, National Fisheries Research & Development Institute, Pusan 619-902, Korea

Organic substances are released from phytoplankton cells during all phases of growth. The type and amounts of
organic substance excreted and the effects of nutrient limitation are often highly species-specific. Dinoflagellate,
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 which seemed to coincide with the depletion
of nitrate from the medium. 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 47.5 nmol L. Leucine and cysteine were also abundant in the stationary phase. The release
rates of exopolysaccharide and intracellualr polysaccharide were higher the end of 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 exponential phase. C. polykrikoides produced extracellular polysaccharide at a rate of
47.04 pg cell’! day™!.
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AEEFIAES A7 D8 o Tl vt ohde] A Al WM3lE o}7]3}7]1 = 3t} (Stachowitsch et al. 1990
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>
I

oo g
2]

(Jenkinson 1989). o] #H]H f7|E2-2 SEWUSIZRE A e @ Edel 4482 polysaccharideo] ™ (Lancelot
X5 H353l= 982 31 (Liuand Buskey 2000), B3t 3l %F 1984), 1 <] @A (protein), 34 (nudeicacid), 1% (lipid)
o] ¥Hg|g]o}, meiofauna, macrofauna 52 B4 O 2 o] 5ol )= =t (Fogg 1983), A EZHAEe] BH|sl= B2

£ 5] o] (Decho 1990; Smith and Underwood 1998; o] 79} ke Fof ulg} tlEE R F7A4 S skl B
Underwood and Smith 1998) AJelA|e] EtAE Eo|x & ol A wlj$- Z 23t} (Leppard 1995). oS Eo] Chaetoceros
9838 98-E skt (Hoagland et al. 1993) <A M| 42F  affinis(Chaetoceraceae) = Z710] whel A #H]E2 2] 80%
232kl 30-50%% bacterioplanktond] ©]3 Zo|ak= ol 7+A o] @3} extracellular polysaccharides} ©F 1.5%2] w2 &
A akgtc) (Myklestad ef al. 1989). Z12] 31 Phaeocystis pouchettii
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T4 " macromoleculed A 43} 11 (Lancelote 1984) ,
Skeletonema costatum (Melosiraceae)-2 tFaF<2] polysaccharide
Qo] 7% o) :AbE Aakes Aoz AT TH( Mague ef
al. 1980). o]¥ polysaccharide®} Tzl e} v &2 2 EZ7
AE9] 7154 Ao 93 A= F23g 84| (Tago
and Aida 1977), T3t A& A5 282 sl A A matrix
43 1 249 71549 SN Fad JBe a4
EZ 2354 polysaccharides &2 PES 931 o
YA A4, A 24, 54 Sl Belshe of
83 7124]1 ol v} (Leppard 1995) . whehr] 8] €
E4E& P4 3te polysaccharide®} o] witof thgh 44,
BEA A7 S Fasichn Azt
ghrol| A= dllwith eFH R Z2F21 Cochlodinium polykrikoides
Z7F dAgsta glom o] wf theke] FAEA S EHleth
3] o] Az} FAFAA o] WRE oA FRestan
L2 BT AF o jHA T HiE LS E 2
o ag]a gellA A3 A= 2ol C. polykrikoides= A
Al Aol thEre] AAELS wH|ste] SEvet
T S A N B FFS v
polykrikoidese] #-¥)3t= F71EHe 54S Ashe Aol
> 2 2 31th(Lee 1996 Kim et al. 2000).
web 2 AT AE C.polykrikoides 2 2L A4A] o] 733
& FHisletn 2HjE EAE 8] 99 7 EAREA
C. polykrikoidesol| x| FH == f71E2 9] 7|24 S dis)
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Cochlodinium polykrikoides H||2F

20004 10¥ EgdAtell A C. polykrikoides 2 27} WA= A
= A AFE AAST. o] ARE QAR A Sl A
capillary pipette© 2 47] A|XFAE H-eldte] 24 multicell
wellol] £21 % £/2 wiA] (Stein 1973)ol| A Al wl Faic.
MFEAe 2% 22°C, F 100 uE m2 s, 37
14L:10D= A& 39t}

C. polykrikoides®] Z2&2 #2317] 9l8te] Al 0.1 mL
& #3lo] Sedgewick Rafter counting chamber&- ©]-&-3}o] 3
&+l w| 74 (Olympus, BH-2)stell A Al5=a3i .

Hj A bl W B YRS AR Ql8ke] iS4 7]
(exponential phase)ll & C. polykrikoides A1 & 100 mLZ
2 Lo f/2ujA]of] HFate] 3Lt SAA1Z] F 250 mL &€
A7HEe} 2220 AR 200 mLE ol Ml alsict
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24

Polysaccharide2| F£ 4! A2F: Exopolysaccharide(EPS)

£ 2elab7] flste] Al F S 4,000 rpm, 10°Col|A] 15%

AEg]akslaL, pelletd] S/FFE H7kete] thA] 531
o] 4,000 rpm, 10°Cel| A 15%-3F thA] 4] 2] 31 th(Staats
etal. 1999). =8 80% (v/v) cold acetone(-20°C) .2 2
ZAIA EPSE 8L, ol& S/ acetone(1:1)-8-<4
A 29 Attt A EPSeE YA R’ & dialysiss}
o] 54 dxsIth. A EPSYE w8 502 354
Fe| o= Aok

EPSe] & A5E d4Egstd 4%
pentoseE X385} phenol/H,SO M &2 ¥4 319 o
(Dubois et al. 1956), ®+EZZ glucos
Intracellular polysaccharide(ICPS) & €412 & pelletel 4
mL 0.06M H,SO42 %o 2413F WA & A& 308wt &5
o] ThA] 2413 F- 12,000rpmel| 4] 15% F<t L4l el ot 4
59 < phenol/H,SO 5 & 2 435} U (Smith and
Underwood 2000) .

CHHAIT} ofo|=Ate| M2k Extracellular proteine Al &
AR 3 & ASlS bovine serum albuming FEEZ
2 A8-8te] Bradfordf o 2 #418}9) o} (Herbert et al. 1971) .
il etke Al RE PICO-taghhil o2 o g-3h5 v
hydrolysis 2 PITC labellingste] 7]Z3}sFA] A -4 9]
HPLC (Waters 510) & o] &3}l EA sl th. Columnz}
detector= 77 Waters Pico-tag column(3.9 x 300 mm, 4
pm) 3} Waters 996 photodiode array detectors(PDA), 254 nm
2 AM8E9 1, A 8u)E= 140 mM sodium acetate®} 60%
acetonitril-S- flow rate 1.0 mL min™' 2 A}-8-3}9]

Mz EbAel Fao| Mk Al E F ko] 450°Cel|A] 2
AZE Bt AtEste] W7kt GE/F filter(® 25 mm, 373 0.7
pum)ol| Al 50 mLE o FHate] Yxt=d Fo| T eaE AlA
st7] flaf gk ditom oF 30% F<t ¥ (acd fuming) s}
a1, 50°Col| A 24417+ 124171 ¥ CHN analyzer (Perkin
Elmer, 2400) 2 2§38} t}(Sharp 1974; Telek and Marshall
1974) .

& F7|EtA(Dissolved organic carbon, DOC) 2| Hzk:
el GF/Ffilterz of 745k of dholl & A AJ742] W@gH 3
gt & DOC analyzer (Dormann DC-180) 2 -3 8131 T
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C. polykrikoidesS- £/2 WA A wjFate] AlEF7F 5719t
of whe} #H]== polysaccharides} Tl Z o] FH Pt &
7] $18l YApE 2 ZAMSE A9E Fg. 1o JERY T

A E5E 27100 190 cells mL 2 vj kS A 2Hsto] ti4=5
2] 7] (exponential phase) & 7 W T 12¥ef 3,300 cells
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Fig. 1. Exopolysaccharide (EPS), intracellular polysaccharide
(ICPS), and protein concentration, cell density during
cultivation of C. polykrikoides.

mL 7} F9 o 20471 3,400 cells mL1=2 A =]7)
(stationary phase) & X.o|th7} o] % 487 (declining phase)
2 A HA 24 0] 2 890 cells mL 2 A Z57}F 7H4AH Q)
a1, 97882 0.208 day 1T,

4] ¥ exopolysaccharide (EPS) £} T2 o] 5% = Kang et
al.(2002)¢] AFAFe) A epd AAH 271 242} 308 mg
L, 031 mg Lglthrl g#)7]el] #u)sE o] 1At 2715
o] FA|7] w7l EPS= Hulgtel 602 mg L5 ®rirt
o] ofo] ZhAE o}, TlE e 20 ©]F 1.19-120 mg
L2 Z7}1¥31t}. Intracellular polysaccharide (ICPS)%-S %
719 052 mg L719] o} #7191 16U 744] 065 mg L2 5
=9 S7PF A9 vk BA7] E7)el Sk 113 mg
L2 Aok 893, 2o So] 088 mg L2 7H4as}
At} o2 ) C. polykrikoides ) %% A ICPSS] %= EPSo]
MAT S7 =T A7) Dl HujkE BAdS 4 3
Ak, o] AL F27FA Cylindrotheca closterium, Chaetocerose
affinis 5 W] AEELAEANAN Yehte @t T
23+ A3to|th(Myklestad 1995 Staats et al. 2000) .

C. polykrikoides A| 3 & ¥¥]¥ EPS9} @l g o] w= 4
A 71ell AYgkol FrtEWA Adrld Hdigs B 3ivh(Fg.
2). a2y ICPSE A7) 2719 0.19 pg cell o]t} &
271 @719k 27l 7+ 0.33, 0.30 pg cell o]}, o]&
gzl ik eestEel e internal pool F7t
of AREEAIL, AEG7Fo] HEl met AZ=FE HA}
EPS9} thaldo] sjjgjde] & Aoz AZErh(Liu and
Buskey 2000; Kang et al. 2002) .
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Fig. 2. Production of exopolysaccharide (EPS), intracellular
polysaccharide (ICPS) and protein of the cell in C.
polykrikoides culture.
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Fig. 3. Extracellular amino acids concentration during
cultivation of C. polykrikoides.

obu] 4t 20F-& EABIH oW o] F A Wzt dA e
%S Fig. 3] YERNITE. ProlineS #]€] 8 T -2 ofn]
o] F=E ugel uet Ao ¥y} glthyt FA7] do
2040l F=7F AA 3] S7IEIATE 53] ofnlwAte]

Hjok 2710l vlEte] FFHER PA|7] Do)l 4.1-228 2u) 7}

A Z7F=] =1 cysteine, glycine, histamine, tyrosine,

r e > =

sy
a

valine, lysine 4.1-86.2H], leucine, phenylalanine,
isoleucine2- 1786228 2ulj 7}A] Z=7}= 1T}, Prolinee A uj
FN3E Sl 7 wel ERlEQda, gk kAl 7)ol whet
U2 olnAteE g8 FEEYXE 29U Proline2 A A
ol At F 270l 84.2-90.3%E At o FA 7=
204%, ZE7)0E 53.1%Z 2R8I 1 9] cysteine,
histamine, valine, isoleucine, leucine, phenylalanine2 7% %]
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Fig. 4. Cell density, cellular carbon and nitrogen concentration
during cultivation of C. polykrikoides.

71 AA] mole?] 59.6%%5 A3ttt ey 1 9] ofu|x
se wisE el 37} TAS PER Ao ok
A FEW oA 2 turnover time S 7} A E3lE & A=
E9) Ad) 2o HER ATYRA ] WEoz 47t
HtH(Myklestad et al. 1989).

C. polyfrioides W% A 418 ofulredbe] FFi The A
EFAEAA A7E A= Bo| ST 2R, R
., §E2FE9 extracellular productol] 4] o}v] =2k 91
el 272 Chaetoceros affinis, Ch. debile2 glutamine,
glycine, glutamic acid 5, 18|31 Phaeodactylum tricornutum,

ol "g

Coscinodiscus granii, Skeletonema costatum ‘52 glutamine®] &
=7} vj$ =3kth(Poulet and Martin-Jezequel 1983; Lu and
Stephens 1984; Admiraal ef al. 1986). 3t Lee and Cronin
(1984) 9} Wakeham et al.(1984)2 sf|dollA] A EZFAES]
Z7Fol F#glo| aspartic acid, glycine, serine, alanineg 3
et 15%2] opvlmAbs F2jskslon, Eberlein ef al.(1985)
© Phaeocystis bloom E<kl] frelobu]weihs 3 2}
e TeEe] YRR Felg ol tjs) 2
T8t th(Ahlgren et al. 1992). A EE7FA =4 #e¥ o}
vldle] FRE Fo uhe thev, ot wud Aol
< Qlsl=t S8 A87F ok (Metaxatos ef al. 2003) .
monosaccharide®} o}n|i=4ke] oA vl= A3l A
4 e AP avhe ATE Ba) ojnlieit e 4
BaEe] guied Aus 2gelE Fad s
7} )tk (Metaxatos ef al. 2003) .
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Fig. 5. Cellular carbon and nitrate concentration of the cell
during cultivation of C. polykrikoides.

Akt A EF7E S7hel whet A wmot SbE ] A
7] L7lell 5.52mg L& 7H =9kar o] F A ES7E P
]

F52171] 053 mg L] gh& Blm, A7l 0.71 mg
Lo Agghs Bk,

AEF ehe] e ujd 2710 272 pg celll2 714
=37t 1220 1.40 pg cell!, 240l 1.77 pg cell'e] 7S
Btk A dio] 55k 5Ug Aoz vtz
0.33 pg cell' 2 71 =kehr} v <ol =N Has 9
ot A ol F Al FrhEe] Adrlel 0.25 pg cell o]
W= BtHFg. 5). ol AlE7} 7starA R ETEd
upet A2 g, dae] o] gt Ao YrEn o
2 =EdAE 2 A7 A3 Uit (Myklestad et al.
1989).

iAol we EHE =23 28] Al71e dEdS
7] 8l AlEW g4, da 3

%

Eh Aao) fold ARBAE 7P, EPSE AE
Al A =, 12]a BPS, op| Ak fol g
0014 fro] 4 e 7T ole Al X Eels 4E=
Al whe} EPS7F Bu) %) 51, Tk o] o} A o] H]S=3) A
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=
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=
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2 A 7+E Y (Hellebust 1974; Fogg 1983) .

FgaEo] BHsle fr1Ed-S Aeld e ek U
gk o] glaL gk Fof] whe} bloome] Aol Eurial Al
7} ApEE ) 2ol Eu]¥ A (Fryxell et al. 1984; Billen and
Fontigny 1987), bloomo] doid uj Feo| #u|¥tia 3t
(Degobbis et al. 1995) .

Y,
> o 2 o)
av)
=z
M

it
o

¢

g T



Kang et al.: Organic Substances Produced from Cochlodinium polykrikoides (Dinophyceae) 257

Table 1. Correlation matrix of variables in C. polykrikoides cultures

Constituents Cell density EPS ICPS Protein Cellular carbon Cellular nitrogen
Exopolysaccharide 0.731 - - - - -
Intracellar polysaccharide 0.636 0.952** - - - -
Protein 0.280 0.851* 0.861* - - -
Cellular carbon 0.817* 0.853* 0.704 0.627 - -
Cellular nitrogen 0.818* 0.851* 0.705 0.626 1.000 -
Amino acid 0.494 0.837* 0.960** 0.823* 0.543 0.546
** Correlation is significant at 0.001 level
* Correlation is significant at 0.05 level
Table 2. Carbon production in C. polykrikoides culture for cellular and extracellular fraction
Cellular Amino acid Total Per cell
Cell density ( -1 -1 DOC -1 -1
. ug LY (ug L) (ug L (pg cell™)
No. Time (day) (cells mL-1) (g L)
C N C N C C N
1 0 190 1854 204 3 1 - - - -
2 4 880 2390 288 5 1 8150 10540 2.72 0.33
3 8 1760 2916 308 5 1 5320 8236 1.66 0.18
4 12 3300 4605 531 5 1 7770 12375 1.40 0.16
5 16 3380 5180 444 4 1 6200 11380 1.53 0.13
6 20 3340 5520 541 15 5 6360 11880 1.62 0.16
7 24 2890 5121 714 8 2 9920 15041 1.77 0.25
C: carbon, N: nitrogen
12
& R7|etA(Dissolved organic carbon, DOC) 2| £i5}
ik oz BEHlH &2 §7]g 4 (dissolved organic .
carbon, DOC) 9] & ¥ HEH 271 vl 52712 8 _
Aol 5323 pg L2 71 e g Holdsl aEld iy
9,920 pg L& 7P¢ Ee gS B3rH(Fig.6). vl = A4 § 6|
® EPS, @il d 5 )i DOCE o] #& Holth wghop 3
E MEEE DOCE 74| % ot AEEdaEe] F 3|
of whe}A] total carbohydrate©] 70-80%, A= 80% ©]/do]
polysaccharided 7 -%-7} 9t}a &t} (Lancelot 1984;
MyKlestad et al. 1989) . 0
0 4 8 12 16 20 24

w e el A Al gane] F Al Eu

]
o ol 5354-65.95%%.00], o|F opulwito R
B0 e 0.06-0.24% At

B3l dojdtt. EPS= tl452] 7]l
3424 pg cell! dayle] &= YA, FA] 70 7H =
& 47 M pg cell! day'e] =2 PA+E It} (Table 3). IPCS
Z2 7194 & 6.05 pgeell™
9.47 pg cell! day™!, &d7]dl &

£

i
38
2
=
o
2
N
2
X

Cultivation period (day)

Fig. 6. Dissolved organic carbon(DOC) concentration during
cultivation of C. polykrikoides.

549 pg cell! day o] &= AstE Q) Tl Bl ofnj

ARe A=A 7l 242+ 10.13 pg cell! day™, 39.17 pmol cell™

day o] =2 BT AXLEAA 2o|7} SlE AS

&8 polysaccharides} ofn]i=ite] EH|EE= biomass

o Bleste] S7leti et ol AL AlZu= F3l diffusione]

%94% Yehdith(Hellebust 1974; Fogg 1983).
AEEFAEC] 245 EHlste A7hFdl tigk A=

=4

2]
A E-A-=4 (sugar, amino acid, organic acid)o] 4| £S5
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Table 3. Production rate of exopolysaccharide, intracellular polysaccharide, protein and amino acid per cell during cultivation of C.

polykrikoides for different growth phase

Rate of production

Exopolysaccharide
(pg cell! day™)

Intracellular polysaccharide
(pg cell! day™)

Protein Amino acid

(pg cell ! day™) (pmol cell! day™)

Exponential phase 34.24 6.05 -18.31 12.36
Stationary phase 47.04 9.47 10.13 39.17
Declining phase 41.51 5.49 9.88 29.85

A2

=
1o tigh o] %A (permeability
w3 (Allanet al. 1972), A|Ze+S &
]

ojmj &=

o]7] wj el FZAE 7313l (mediated transport) Aot}
4 3} polysaccharide®} 22 A £4-& Fv] 533
W7 &S S &u]"t). Carbohydraters 3334 24 ol A
A 71l Tl o] S FEAA et FRAAHLE
87371 e ARBAHERF AL A] A ©Aae] W vgh
o2 FH|x= Aoz A v (Myklestad et al. 1989).
T Ul AR 45} BPSe] Aldto] tathe Zlew ve
gk A| 3283l (cell lysis) 2 A 9] (extracellular) =732 Z717}
o|FAXA = Gethe T2}t dor, /A= =
A A\ 7} polysaccharideZ 714 12 2EA| 2 A& & 18 o2
Alzeto 2 o] F3ith AXAE AE §3tsta 1 Wé
=& 924 g (exocytosis)ol] oJalf AE o wjEEH
(Hoagland et al. 1993), EPSe] AJ#2 Ul intracellular
reserved}= T2 1 diatomS 218 FAA ) v w3}
o AR 7 Yok (Allanet al. 1972; Mylkestad 1974) .
AEZFHFAE FHlste F7IEHAES FA A
microbial food webe]] W%~ Z9 3+ J&-S =], & oke] A
Al 12} A2+ 5 30-50% 7 =7} bacterioplanktone]] 2] 3+ A o]
2t Ba% 3 9tk (Azam and Cho 1987). A& ST E
ot frleAie EHEEE o wE gzt
(Hellebust 1965; Myklestad 1974). #-H]€ f7]&82& £7]
&2 o]-8she bacteriaol] oJs B o ® Q13 AAE AF
713} (remineralization) ] ] x}7}% %A X (autotrophic cell) o]
o3l T3 F A Ho A FACA Fagt 92 st
= o] th(Azam and Cho 1987) .
B =8l E C. polykrikoidesoll 4| 18] %] polysaccharide,
WA, opr|ieAke] FE9 A7) Tl tisl FolE gkar, Al
2 FHEE gAe] e WA M66%9= & T AU
o} gog B A9} tEo] C. polykrikoidesol < &2 EH]
203 FHA R g A5 Fal AT HaE
aglels 7| 22lE 2 S8E IS Ao ® AHE

by 10 ¥0 e
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