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Abstract ~ Growth and biochemical composition were analyzed in Gymnodinium sanguineum
and Skeletonema costatum grown in media containing various nitrate and phosphate concentra-
tions. Concentrations of nitrate and phosphate in the growth media were 0, 0.3, 0.6, 0.9, 1.2 mM
and 0, 15, 30, 45, 60 uM, respectively. Growth of G. sanguineum was suppressed in the low
concentration of nitrate and phosphate (below N =0.3 mM and P = 15 uM), whereas growth of S.
costatum did not changed. At the low concentrations of nitrate and phosphate, amount of
intracellular protein and carbohydrate in G. sanguineum cells were largely decreased, whereas
content of carbohydrate in S. costatum cells was increased little. Amount of neutral lipid and
phospholipid in G. sanguineum didn’t changed, but concentration of glycolipid was largely
decreased in the medium containing low concentrations of nitrate and phosphate. However the
levels of TAG, glycolipid, and phospholipid did not changed in S. costatum cells. These results
show that S. costatum is more adaptable than G. sanguineum in the low concentration of nitrate
and phosphate.
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% %lc} (Brussaard et al. 1997). 2181} sjeka| A 2] oo}
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Table 1. Chemical composition of artificial sea water

Nutrients Amounts(L-1)
Macronutrients KC1 0.7g
MgSO, 34g
MgCle 19¢g
CaCl; 1.11g
NaNO; 0.1 g
KzHP04 10 mg
NagSiOs 65 mg
Micronutrients Na,EDTA 4.36 mg
FeCls.6HO 3.15mg
CuS04.5H,0 0.01mg
ZnS04.7TH0 0.022 mg
CoCl2.6H;0 0.01 mg
MnCl2.4H,O 0.18 mg
NaoMo004.2H0 0.006 mg
Vitamins Cyanocobalamine 0.2 ug
Biotin lug
Thiamine-HCl 100 ug
NaCl 28¢g
pH 7.8~8.0

F23 3 AL 0,0.38,0.6,0.9, 1.2mM, QJAHE 2 0,
15, 30, 45, 60 uM-& Z}7zt AH7}sk wi x| A] wlf F3}si e
30.9%0, 50 umol m2s71, 20°C ZA | woFsld,
& #FF71% 14h:10hz AASAR A ESFIESY
AR 2R fstd Aokt F 2AE E8 1 H e
2 1ml8] A 8F 3l Lugol §doz 1xd F F
3}3]u) 7 (Zeiss, Axiophot and color monitor SAM-14P)
3l A] Sedgewick-Rafter counting chamber® A}-4-3}
o MEE 53] gHE Alsigct

2. 433y FARE ¥4

7+ A 27N s AEERIE HE2E 4C
oA 30E-7F 3,200rpme 2 {J4lE-2] (Sorvall RC 5C)&}
o] 29t} mql M Zel 0.2N perchloric acid® 10 ml 3
7Vsted A Ezel] B3 $44 ©B93tE 9 ohux
Al & AANA L, AAEE AA, ge3ts, oA B
Aol A3 THCY 5 1998; = 5 1998).

AAe) 222 Bligh and Dyer (1959) B & o] &3}
A=t =, 44 &d5stEe] A" Azl chloroform:
methanol (2: 1, vwv)& #H7}8t £ o 3087 whAsld
ARe 2337, $%) FF4E A4 oe, WA
2] (2,000 rpm, 108)3}] 3122] chloroformZ&& 3}
o 323 AL ATEA SlelM A=A F G
Agel 448 WA -20CAAN AR 228
A} A -2 chloroform : acetic acid (100 : 1, v/v) 2mlel] <)
% Sep-Pak cartridge (Waters)S ©]-83}« FA XA, o}
A4, QAAA = #2359l ct (Norman and John 1986). 3
AAA L] Be]E ¢sled 10mle] chloroform:acetic acid
(100:1, v/v)&}+ 5mle} chloroform : acetone (80 : 20, v/v)
< A4 FEI9 T, FAAY EEE $5te 8ml
9} acetone?} 8mle] acetone:acetic acid (100: 1, v/v)&
A4 A2 st} 2l x4 -2 5 mle] methanol : chloroform
:water (100 : 50 : 40, v/v/v)S A 88} Balslgo)

FAARA, G4, Q=] 2] A2 Dittmer and Wells
(1969)2} ¥l & ulglt}. &, XA A =el] 2mle] dichro-
mate solution (2.5 g K2Cr;07, 1 L HpS0.)2 ¥ & 45
¥ F FEIG ALAA A3 F 10mle] FHSE
A7ksle WA % &t 350nmolA FF=E ZA
33, 71FE e 2= 1mg/mle palmitic acid& A}8-3193
o}.
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PRTTEY
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phenol 8-4-& I8l A& F 5mlo] SFAkg4E A
7}be] 3087t Al-2ol|A ¥F$-A|F|A spectrophotometer
(485 nm)E o] 83t AN 7|EL=2E 0.05%9]
glucose & A}-4-8}ic)
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R R L L
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Qatgdel 77k 0.6 mM= 30 uM<l Wi A| ol A wl F3td-&
B o 49 o|F Aol A3 (Fig. 1A). T
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M= AF7Z T4 Al FEHA ASke (Fig.
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TFEFE SR ZF vt AqAE FSEE7F 9¢
1, A Z e AR EAE 73 glew, JAY
2NN = gl A Yelr] Wi Aoz
T3 ¥ o} (Krom et al. 1991; Yamamoto and Tarutani
1996). £3] G. sanguineum-S #A3=2] ALY} Ak
o] FFH wiHelM Mz =7} EER +FA
& Az o, S. costatum-S A¥717E F< FeHA
W3l FEEA Gkt olgdt AF= G sanguineum
o] AAdz} Qlatde] ZAYE UL W FHHM E (resting
cel)Z JASIGAY, FHAZE P47 Hg FAe
U Aoz g

2. 423 QA Fx4 WE G sanguineum}
S. costatum @] ME FAAEL W3}

2]} 7o) G. sanguineum} 8. costatum ] 739~ AAk
93 Qe e} ARNGE 9 e 4T Ide
Bolx RS AZBAES Aol 7S Aoz 24
o], AR o] &3t of 59 A= G. sanguineum} S.
costatum M ZZ 2o} FAAES B TH(Figs. 2-5).
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A F=o wel ZA Wstsid e, AAard st Ak ol
724zt 0.6 mM#} 30 uME AH7bst wi Ao A k3l &
W Az shiae] ofo] =LAl £t (Fig. 2A). Al E
thizle] oFe odubxoz AAAQ AE AL A9
FABHA e Aoz deA QxH, G. sanguineum
o] ki cofe] WElgl A AR} JAE F=7)
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Fig. 1. Growth curves of G. sanguineum (A) and S. costatum (B) in the medium containing various concentrations of N and
P. Phytoplanktons were grown in artificial sea water. Data represent the mean of five determinations.
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@k o AAel HAIHIL(Fig. 1A), & Aeldle
Azx AzgAel ZA doiAx e HAd e Al
Xo|7] W& Aoz A4 ¥uby 8. costatume] A
Zo A 2 AAEH QAN = HEEE A
2] wi3}slx] st} (Fig. 2B). o)#) 8t A3 8. costatum
< A7z Bt Az AAGH AN = A
Moz BLEHA ARAsH= A (Fig. 1B)# d#e] sl
E A ey, Ak o] wiAelN " A
ofo] W}ghc}= ¥ 7 (Rhee 1978)9}% UAXH ZHAE
BelZ 3 9ot
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Fig. 2. Changes of protein concentration in G. sanguine-
um (A) and S. costatum (B) cells. Each value is a
mean of three independent experiments with trip-
licate determinations. Bars represent standard de-
viations.

9, G. sanguineum-> *Fx2] AAGF A (A7
0.3mM=} 15uM o]3}) vixjell A whp3l89] cfo] =A
st 3, AAgH dAarde] 474 0.6 mM3} 30 uM
o) 7Y AN AL e SHEES ol
st A Bygu(Fig 3A). o] A3 A
alabgd el Fxo) wWel G sanguineum] F3AIgo}
M ZzgA o] Ztame] Azl &L 98 73l &
g FFE A AR B83EE ARty 9l
& 2o F1, G sanguineumo] FHME7 2 Zol7}
%A sugar phosphate °Fe] A Eo] Hla FolE A
© 2 1 lt}(Oku and Kamatari 1995). 18} S. costa-
tum-E 9312 AR A FEIF 2 o AEd
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Fig. 3. Changes of carbohydrate concentration in G. sang-
uineum (A) and S. costatum (B) cells. Each value is
a mean of three independent experiments with tri-
plicate determinations. Bars represent standard
deviations.
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of A wHpEEe] ofe] @l #AAH¢ = (Fig. 3B),
o] A FHFHE AT AAtde] RF3}7) W E
of g, XA B WAL FAFHA Fed= Wi
Ao FFE Hagew 3 oo w©eIES AA)
= Aoz Heidd
AEH AR F QAA, FAA, FAAA o] "=
G. sanguineum¥} 8. costatum 5§ F|A] F719] Zo|E
. B4t} (Figs. 4-5). JAA S FAA L b7 Azt
49 Fo TR, FAANAL dH oz v)4
Z52] AAe] 3} A} (Parrish and Wangersky
1987; Sicko-Goad and Anderson 1991; Alonso et al.
1998), FHXAS JAFE 9 (Chapman et al. 1980;
Timpano and Pfiester 1985) 2713l o=z daiA 9]
o}. G. sanguineum-> A5 =2 AAGH AAFAM F
AR g A9 "} gAY 2F ¥4 Hehwe
o] (Fig. 4A), FAA-L 3A 74381 1 (Fig. 4B), A=A
2 A9 W3zlE BolA ¢t} (Fig. 4C). S. costatum-S
Aakd 2 QA s=r) st E JIRAA, FAA, F
AAA oFe) wiztrt A9 gt (Fig. 5). Ag=9 AA
3 QA A G. sanguineum XMW FAAA kel
o] W37t gAY 23 18 AL Ax=e] A
3l Ak WA A sl G sanguineum2] A37el
AaE 3 FHAEE Y43 dEd Aoz ddIn
(Chapman et al. 1980; Timpano and Pfiester 1985). X
Aol A Az AL A=EFA Azt A AE
B3 A FHAE uigkd. ol E A AAY
17 A7t GEAY BHE F=3 Ao, o2 A
48 = AEH2 8 F=EE x3HAAL AY
¢l EAo|t}(Penarrubia and Moreno 1995). 3] %
A4 B A3 AR AAk2 B-oxidation} glyoxy-
late cycle® Edte] M EeAM LFFHE thAgtade
2 Ale59-E A (Lee et al. 1998; Manoharan et al.
1999)c. 2 FA Xt}
et F2F4Q S. costatum-2- AR ZFHQ G. san-
guineum#e 2] Ayxo A P AP =
st AR A Az FEAEY W A
8 BAHR gk ew, S. costatume] QA Al E A
o A} Qag FEE AYIL FUAE F e
v)X)7] Ziehe AE B EGH
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Fig. 4. Amount of neutral lipid (A), glycolipid (B), and
phospholipid (C) in the G. sanguineum cells grown
in the various N and P. Each value is a mean of
three independent experiments with triplicate de-
terminations. Bars represent standard deviations.
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Fig. 5. Amount of neutral lipid (A), glycolipid (B), and
phospholipid (C) in the S. costatum cells grown in
the various N and P. Each value is a mean of th-
ree independent experiments with triplicate deter-
minations. Bars represent standard deviations.
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