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Growth and Phosphate Uptake of the Toxic Dinoflagellate
Gymnodinium catenatum Isolated from Yeosuhae Bay,
South Korea
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We investigated the growth and phosphate uptake of a toxic dinoflagellate, Gymnodinium catenatum, isolated
from Yeosuhae Bay, South Korea. A short-term phosphate uptake experiment revealed that its maximum
uptake and the half-saturation constant were 1.39 pmol/cell/hr and 2.65 M, respectively. In a semicontinuous
culture, the maximum specific growth rate and minimum phosphorus cell quota of G. catenatum were
0.39/day and 1.27 pmol/cell, respectively. Thus, G. catenatum is a poor competitor in terms of inorganic
nutrient use and is unlikely to form blooms in Yeosuhae Bay.
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M =
AHEZF Gymnodinium catenatum (Graham)< =}8]4 =
% (Paralytic shellfish poisoning, PSP)2] €¢l& 0 & 50 um A
F-o] AZA7 ) A& FASHIL (Yuki and Yoshimatsu, 1987,
Morey-Gaines, 1982), Z 2] X olytell A 3o g 7|25 AT
(Graham, 1943). 197639 2H| Sl 4] o] Fof &3t vjv]A
T o] BFAY3}F.oH (Estrade et al, 1984), 19793 A} E Lo}
ol X AFo 2 o] Foll 97 & A R
(Morey-Gaines, 1982). 183 T3 (Hallegraeff and Sumner,
1986, Blackburn et al., 1989), £ 252} (Franca and Almeida,
1989), A1&3) (Carrada et al, 1991)%F 2s|dgS F4o 7
3] EIHNT 281 2 Agstel] wE doks) oo
Feojoks), A& e, A4l ballast waterd] EHAF @ AT
evtslo] e ¢ BAWE Fo8 ATl HAsie
78S B.Q1T) (Hallegraeff and Bolch, 1992; Fraga and Bakun,
1993; Hallegraeff, 1993). &N M= G. catenatum] 34 E
7F 1980t 7A & A YB IR GelMet RuER o}
(Hada, 1967; Ikeda et al., 1989; Nishioka et al., 1993; Baba
et al,, 2001), HIZo= Hf =20] 20T Y& FH
5 dAtsl 9712 83} (Matsuoka and Fukuyo, 1994),
ojuf | 7o %3} G4tel BAE st Uk St E
19913 BTkl A 2 G. catenatum 23 o) W oL}t
(Kim et al, 1996), ZZll= g3l detalidel FHeA BX
e 202 %484 At (Jeon and Han, 1998; Kim, 1998;
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Lee et al, 1999; Lee et al., 2001; Oh and Yoon, 2004).

AFNA Gymnodinium catenatum® BFA F49} A
9 A8ty A= Hiroshima®he] Ee)FE o]gs)o ok
@ 5938t 4¥L 3 Yamamoto et al. (2004), &€ 57129
0]-4-4d-& B3] Doblin et al. (1999) ZE] L Oh et al. (2002)Z
Agstae F3] AgH oA Sl

dut# o2 HAgoA AEEFAEY] HFL L&
FE, drRs 59 EYAA 22, & A Eo) 93
FHEAE 7 ot Tof AL 99l aEla Gy
F9] g5ty aqlo] BASHA Btk 1 & JPde
FAEY Aol dashy AA-FE T F HoldA
-2 vt} (Tilman, 1982). AF7hA] oJg=ate A o] %
oE s B e o Bis gloy, A8 4
Rz wslel] Wi o] Fof Y sle4e wiAg
Aok "k B A7 e ARkt G catenamm] 148
AREIS) ARAPE B 259§ S
47 TEA 54E gotri, F3 BA (interspecific

competition)ol] gt YEHes o Hgich
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Gymnodinium catenatume| 2|2} 2 Z=Hl ok
2003'd 9€ Hiroshima T8} 2441 (Toyoshio-Maru, 320 ton)
< ol &3t = Wl FAR AX B At EEa
& AF3ATE G catenatum®] M E= pasteur pipette (ca.
& 50-100 pm)E ©]-8&-3t] Fe] Y Th (Guillard, 1995). F-2]



96 XA &

MFEE A4 (0.22 #m pore size, Millipore GSWP)O 4-53]
A & HH"&‘TErE (TB-2800, Japan)© o] 23ttt ol & Al
XSS JAEH B39 AM 95 o]&3tod i3l AYE
3519 2.1 (Provasoli et al., 1959), DAPI (4', 6-diamidino-
2-phenylinodole) 7AAME B8t HFstHtt REN LGS AT
Wl A| & Hiroshima®t 3|45 ulg o2 @b 2 (Guillard and
Ryther, 1962)Z selenium (H,Se03)S #HEF&5X7} 0.001 #M=|
A ZA7bslae 28 2 TN G catenatume E-EE
F719%d ol A (affinity)°] =& HOE LEHA U7]l
(Doblin et al., 1999; Oh et al, 2002), Hiroshima%+2] &) %% &
< o)g3ld BE EYFEAE M Hrisidch 2ot
Ao 2AL A4 QB AL 24 (25T, 30
psu) o2, ZEE ¢k 100 mol/m*s (12L:12D; cool-white
fluorescent lamp)oll A AAISIFT). 234 &Y 2 d& 47]
3] 2 AE 7|75 autoclave (202 kpa, 20 min) & DEE
I (185C, 1 hydte] AME3I o, BE AF-2 clean benchi

N AL s
eSpALTEY
NgERad] e JUPe) FrEEE EHos &
A% Fo| Y FEo] dZAT, ATel FLEF pootE

Og [}

7t A= 731"— a pool94 A7) w2t g2t (Epply et al,
&5 FE ENE FHE e FUE
‘_3;‘_ L7 QAT A7, &, AEESF (surge
uptake)E Roln AXuo] FU¢H Y wsrt fle Az Wl
A¥-S & "HQr} 9o} (Harrison et al., 1989; Yamamoto and
Tarutani, 1999). Z1E|A FUE FF AL P37 A
ogofkd T A=0] ﬂ/\]7]-;51 tﬂ;:]. /\Lj;]igb;]_.

MAEWY AL mAAFN7] Hsl G catenatumE <)
(phosphate) 91o] EgtE]o] A 2 AF 3T (AKE HHE2
2 3 L1fA] o) A Al &F (pre-culture)S 3FE T (Keller et al.,
1987, Guillard and Hargraves, 1993). Al Ao F & a7}
A W e F83HaL (<0.02 uM), QUA+E (PO,-P)O] 3uME &
o] 9l 500 mL WA o) ¢l L G. catenatumS 74 FSFHTH
Hj k7 A] 10, 20, 30, 45, 60, 90, 120, 18080 Z}z} wl A&
Al A4E-E SAHSAT A7) F5FEErF AR
AIZHE g9 4D FFEEY SAALE AT

oAde F44E+= 250 mL v 9F8-7] (Nalgen Nunc
International Co., USA)9 Z}Z} 1, 2, 5, 10, 12, 15, 20 uME
ZA g Lt #lA) 90 mLE EF8tAT 1 2 G catenatum®©]
23hE w10 mL (2F 1,000 cells/mL)yS 718t 43 A
2 MG F, Mg Qv FEE 2RY P
(molybdenum blue method)oll @} &3 3} T} (Strickland and
Parsons, 1972). WA 7S Ab7)o)] M<3t Hge] daE o] &
3t 30802 ot (A7 2 nF@ ). B3 G catenatum
AZE T3 4G 2Z2HZE H21E A Q48 =7}
"‘0}7‘]7] ool Hujke] wigd 2 7 w2 2AS v A

TEE 23 AA TEE At o] 4E BF

o = =

23 1040 FA3EY. Fraee A 1T 4y
T 2 RE 819w, °]E FE S Michaelis-Menten 2]
Fﬂ:
[e]

01] EH?J sl B% &S AFE oz 9ol R T (Dugdale,

1:
O
1=

1967).
0= 0 may’ KSS+S .......................................................... )
o 7]l A

WED (0 m KOE UGS 4 ()l hY3Hed 113
a5 o2 AWSATE (Abe, 1985).

Hhod Zr 2

NgEgase) rde AT G FhPl g2

t} (Droop, 1973). 28|22 AFA&EEE Adsts GUdde
AZY i 4455 AAE AFH R dofste
B17] YA Al S Axd FRHE IS FA
sl Agugye] et 13, G catenatum- 94}
ol vl 93] wiiol wikA o] wyke e} A& E
b A= 4 0, A A NAFEU 99 8 5 v
(Flynn et al., 1996). :zalw 19 13] 27X E F7)381a,
Eo=g 7}%}71] €715 &80 antsts WAL Sy (semi-
continuous growth experiment)< AHE-8}{ T

e AZARIAAZ BA] wiFoll A Hedd7) Fo
NFEE ZTF3E vl YA (9F 1,200 cells/mL)S 2tz 12709
250 mL HjFE-7]9 150 mL¥ BEFER TRy WY
24 10:004 9 348 (0.1, 0.15, 0.2, 0.25, 0.3, 0.35/day)°ll
whe} uj ol & ilH T LA S HrtstAd AH S
Wik Fo] AEUTE wjd FEsig o, MEdre] Wl
7} +£5%2) %ﬂ%ix} o|3ld wl ARA} A dEo =Edt=

Ao AYeka, AV FES SYHA Qg9 B

1

wso] 42 AT 9 FHEF QS vk Aol whet ket
Qz(sod];‘g) ................................................................. (2)
o 7114
Se: A7HRA Fo] YFE T= (4M)
S: Wi Fo| dYE F= (#M)
N: Axds (cells/mL)
=3, o) o) et o ATLEE 5o

47 3P dhel the SAAlE ke os A1

3t A AAEE (e T Aol wh2h A ST (Tilman
and Kilham, 1976; Nakamura, 1985).
£=-I0(1-D) et )
7E /\]-1:].] A Z]'*/;:E(/day)

D: 3|4 &(/day)



G. catenatum®] 71919l st -5l F4 97

A4S EE AXd AEF3F Q)Y 4= Droop 2
(Droop, 1973)0.8 HA|S}LL, M| F3Fe] &8-S AF
Aew ek

L I
,U—,U max (1 Q ) (4)
L Q7F T3 o] HFEE (/day)

Qo: AAETY 94D 353 (pmoleell)
Q: MEY F¥E i F (pmol/cell)

HEE (Lo Q2 AFTE A @)l st BIATE
HaAeol "t T8k

=

G. catenatum®l] W2 A4 Foe widz7]1FE 30E7HA
A9 Hl&3 FFEES B YA T (0.85-1.00 pmol/cell/hr), 45
Bl A 18082 o] Azt Rt E44 50 EAF) wolA
£} (0.12-0.38 pmol/cell/hr; t-test, p<0.05; Fig. 1). ©W&kA G.
catenatum®] F5EE AHES A% AEA S 30822 5%
t}. G. catenatum®) EFAPL 10 M7HR = TE7F 271
Fr&ert S7IReH, 11 ol FRAAE fAIA T
(Fig. 2). ©|Z Michaelis-Menten 2] (1)°l] st & Azt
2217k AAS 1S 0992 =2 QAFAE BATE o|uf
0 ma= 1.39 pmol/cell/hr, Ks= 2.65 pMo| T} (Fig. 2). A4+
2 AP dEFFez 3wk g o) A dE 9
) AEEEE 0.19] YDA NN F 2x10° cells/mL o] X
o} =3 A Y AEEEE 3480 FEFE YolRe
Aol ATt (Fig. 3). FAEE A FolRl HgEeg) Al
QA FHFe] BAE AZW A F{HFo) 9E3 Droop 2
)2 z AEEAH (r=0.91; Fig 4). ©] Droop2] L Z+-H
A AFAN e T FAA AZW A FHF QS Tt
0.39/day 9} 1.27 pmol/cello] AAFH T},
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Fig. 1. Changes in phosphate concentration after perturbing

phosphate-starved culture of Gymnodinium catenatum with

3 M phos;z)hate. Experimental conditions: 25C, 30 psu and

100 #zmol/m™/s (cool-white fluorescent lamps, 12:12h LD

cycle).
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Fig. 2. Phosphate uptake of Gymnodinium catenatum
Yeasuhae Bay strain as a function of ambient phosphate
concentration (See Figure 1 for incubation conditions).
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Fig. 3. Variation in cell density of Gymnodinium catenatum
Yeasuhae Bay strain at various dilution rates (/day) during
the phosphorus-limited semi-continuous culture conditions
(See Fig. 1 for incubation conditions).
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Fig. 4. Specific growth rate (#) of Gymnodinium catenatum
under phosphorus-limited conditions as a function of the
phosphorus cell quota (See Fig. 1 for incubation conditions).
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Table 1. Comparison of uptake kinetic parameters for phosphate between Gymmnodinium catenatum and other marine
phytoplanktons
Constants
Species 0 max References
Ks («M) (pmol/celi/hr) Qo (pmolicell)  Vmax (/day)  Vmax/Ks
Alexandrium catenella 0.72 - 0.32 - - Matsuda et al. (1999)
Alexandrium tamarense 2.60 1.40 0.56 60.0 231 Maclsaac et al. (1979)
Gymnodinium catenatum® 3.40 1.42 1.83 18.6 5.48  Yamamoto et al. (2004)
Gymnodinium catenatum 2.65 1.39 1.27 26.2 9.87  The present study
Gymnodinium mikimotoi - - 0.25 - - Yamaguchi and Itakura (1999)
Chattonella antiqua 1.90 0.14 0.60 5.60 2.95  Nakamura (1985)
Heterosigma akashiwo - - 0.095 - - Watanabe et al. (1982)
Skeletonema costatum 0.68 0.0384 0.0033 279 411 Eppley et al. (1969)

*Hiroshima Bay strain.

Table 2. Comparison of growth kinetic parameters between Gymnodinium catenatum and other marine phytoplanktons under

P-limited conditions

. Cell volume , Qpo/C.V.

Species (x103 mma) ©’'m (/day) Qo (pmol/cell) (fmol/mms) References

Alexandrium tamarense 22 0.56 0.56 0.03 Yamamoto and Tarutani (1999)

Gymnodinium catenatum* 74 0.37 1.83 0.03 Yamamoto et al. (2004)

Gymnodinium catenatum 74 0.39 1.27 0.02 The present stduy

Gymnodinium mikimotoi 54 1.1 0.25 0.05 Yamaguchi and Itakura (1999)

Heterocapsa triquetra 3.7 0.72 0.21 0.06 Tarutani (1997)

Chattonella antiqua 37.7 0.86 0.6 0.02 Nakamura (1985)

Heterosigma akashiwo 1.2 - 0.095 0.08 Watanabe et al. (1982)

Skeletonema costatum 29 1.256 0.0028 0.001 Tarutani and Yamamoto (1994)
*Hiroshima Bay strain.

Aubg o g WX B (K)e A Gddo g 34 F4 F80] oA (Munk and Riley, 1952). ©] & chaing
(affinity) S YEM = 7182 Z (Dugdale, 1967), ©| Fkol =& YA wToll PAE (single cel)B o} W& F95HE 7}
FE Jggel v slge] gon, Mxaryt & Fol A, AURZF FlME HEZAV|7} & Holth (Fraga et
ek =2 K, gh& Bolth (Epply et al., 1969). B oA al, 1989). 1#iUt F4E F4AE Ade Fod e S5
AAR G catenatum®] K Gk (2.65 pM)2 HiroshimaTtoll A & 9] 718 nEFEEE AR FE3 AUES T8 4
g3t G. catenatum® 3.4 uM (Yamamoto et al., 2004)E.Ch= f[LE RS AL QT

FE& Foley, B Fo A4EEHAE KT =3 FEE AT AN AESEIEY AL EFF F
(Table 1). ©]} 2 Aih= B Fo] Z7|GFEFol tg o FFH 50 JEsHA &3 Az I44E 4, F
A5 A 0] Yl AL 9uldiy, 4 29 Rrjgddde]l v AFU JUE il 2E3F) (Droop, 1973). ©] F2
ofAW Ft A EEsthe RS JEpT 2AEW Q1 FHFL QYC.V.=0.02 fmol/pm’ o2 THE iﬂ

JUL WP Aol YHAE AUNFFEE (o)t FAREF B8] o}F £ FAE AW, Fx
A JYgdo] 2L 5 F EAT AL FFHARE dUd Skeletonema costatum®l] BISPH AT}, mjapx] £F %-9-@

S F45te AU 538 ¢ Jdvh AU FTEE Vi
(Omad/Qoy S AAYEIe] B B 22 262/dayE U2 &%E—BP
FENAN B Vgl BlwEhE stgic) w3, 2

9 Voo /KHIE 9.87ZA thE Fol vls)] $9ttl (Table 1).

olst Be ARRHE o] F& BAF F U1 F¥Gol

ZFw3 EABIH PR oA S a&H R 5 & v
AL AlAbete], 7718 Fgd] daixe F¢ BAAA &
2 Ay 21 7Ha Aok

AEZFIEL AEZYE 53l o] FFHoE ISY
S F5dch HERe I AR | 840 F YD
< FFe) fdA TAS AL FEE717F A0
(Smayda, 1970; Tilman and Kllham 1976). $-4 o] Y=

59
AR ZF= AxZIY vt 3 BE G

AaFG won ¢ &

3?:/-47_1: 7} =4 e

SEER=ES

019] _g__?LakQ_
u,

AT} (Table 2). 18]
Ao Hol BHH

o SR AZRE

= St} (Table 2). Sommer (1989)= 2]
FrAsE () A= @OJ
(affinity strategy), (2) S5
2 (growth strategy), (3) T4
2 (storage strategy)2] 371 AERFoz FHIYGT G.
catenatum-= /£’ max® BIRLEFA] 0 g ]—:’i , Morel (1987)°]
AN Quax=Qumin® £ ma/( £ max-Hma) = A ZUW HN FIE
S-S AASEH 6.19 pmol/cellZ2 2 7] W&ol storage



G. catenatum® F-71210] t 3 A L & 4= 99

strategy S 7FAE Ao ® HorgEn) mEix] B F2 gt
ol AgHE A9 2

A= AFEEY 4ol & (Margalef, 1978;
Yamamoto and Okai, 2000). We}A G. catenamnm3} 20] 334
Tt =" FAEo] AdAdA tiE4E 7] deie
pnghgo] yololmt g, o] Fol B FAEE ©UA
X (single cel)RTH= AHH o2 M2 7] d o 39 o|F
U Ziks 13ty AF o7 o]Fe| Jheetth B3 &R
AFe] QRS RTOE THIEE HEEHAEY F

FAd3) a5 x| F3FE PA) A At (Figueiras and Pazos,
1991). Fermin et al. (1996)} Figueiras et al. (1994)= 23]
E-A5-2] Ria de VigoollA] vlghe] whabel] mhe} 85 (upwelling)
T} 75 (downwelling)2] 3 &2 Fo] AE o o] F9

dqTk %, &4

ol
=0{=l
ol
Ll
M
ol
|o
i
2
off
>
N,

14—’ E =
o wet 4 &9 8. costatumS 3%

ol gl7] w7l
AAE) AZo g gutyo] AdslA ") A F98e
YA = G. catenatume R7HE ALH EF02 o5&
21t} Doblin et al. 2006y ANAH-S T8k 1Zd FUHol
3228 73S HA AT oF 50%7 YFEEOE HFog
ol F 8t UM A 50%= dxofEd ZAFde AL ¥t

o -

Hebd f95H e Al Dagel e Aeshy v
A

A4 TEE RY AFY w271 259 s2RT &0}
(Yoon and Kim, 1996), ©] £¢] f-58dl| wte} F53] 2o
A Fazgt JQU4EE St A4FE 4+ U0 E3 G
catenatum-2- AArE o] AFE G M= &2 F7]1
(dissolved organic phosphorus, DOPYS &<=8te] A8 &= Qi)
= X1 (Doblin et al., 1999; Oh et al. 2002)7} 1o] Ao
FE8 QIS HEd 4 Qlth Bgo) o] F& FRETI) wa7]
el B2 oA de] Fashd )] DOoPe 159 79
o] a3t gl duUAPo T T o]&E AoTHOh et al, 2002).

G. catenatum®] W& H LA o] g v)Aol LAEHI
HalMe SEH 77159 o8 B4 59 AeH dolH
A1 J4 -2 #A T nFo] BQsH, o]9 22
ANES £330 7 0|83ty A4l G catenatumt

2 F Abol9 F7F AA TE nHT FEVF 2dE 75
3l AFAAA A o] Fof FHE Yt Aol FR83THL
g F A0S Aok

A A
o] wEL 2006 A% B¥ (LHAHAL T Adez &
wol A E  AT-Y(KRF-2006-353-
C00060).
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