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WA Bk - i BHE - WIR REE R REE
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E B MRS Alexandrium tamarense 15
BH LY LT, BB ARE &R E oy F R L )Ll?li.nﬁ&.-' LPEREIT o 72,
PNy FRERTHE, SRR ) CEERIE 2 ME B, FRUINFCH B IFEO DOP LY A
B, ENDL L CIEROHREASL & s, ST, A tamarense ERPERDTAE ¢, K
PDf 557 ) IR R L O8I L Tw A4 DOP O FEBROPE 2R L7, Do
LG, THHYEERR TS B8, A lamarense 15 EESHE ) & B E DML VEME 1212 DOP
ERAIL, ) S ERERIEDTE TSI L TV A AT DOP T A 2 AUEM S
7z.

F— 17— K Alexandrium tomarense, T YA, e, BIEEAAE) »

&

s FHET T 22 Pk B HMOBLA R EBICI R LTEY  (AnbmrsoN, 1989 ; SHUMWAY,
1990 ; I"Tf\l,LIiGRAEFI’, 1993), AT & FRMIE R :ﬁﬁ (PSP) DML CH B Alexandrivim tamarense X° A
catenelle DIEN L BAFBOWRPE S I D, 3 (”’ TUERI992ME L2 T A, lamarense 12 & B FESH:
BEASSEAE L, o R AR OTT ) R B 2 IR TR AR LA ORI, 1998). S0k
I, TRHETHEED l%ﬂlf‘f’f) FRRAH A A E LT, “hidden flora” & LCHEELD
DHEEIE LIRS B A & (Suavpa, 1989, 1990), M5 & 726 3 AHE (HALLEGRARFF, 1993)
D2ZWHYFBFEZLNL . WPRISE L, FORGITEMENER O~ & L CRBIEEREISE LT b = b8
R E A .

MO 9 % ) > O ANBARTIRDS, Hlki o) oz e ) L kIO % K00 & TR 4 i
T&il & ;LLM Mo CTws (ENBRERERS, 1998). FOHY, K@ AR &T tim/JUWD ') b%
MEREOIRTARSNS (B, 1991). EBECBVTY A amarense 25T A 51210 o il As
4‘1’12‘%—4 FhHEwn 1;[3,%’%1‘ Leshs (ﬁ’%{fr, 1999 5 IHARLE A, 1999). U YEEARE T AR FIZBWT, &

LHORY 7T >0 b ok, FOMBISHEERGEY) ~ (DOP) 2 FHTA2 LD H AL MOATHS
(Cru, 1946 ; Harvey, 1953 ; KUENTZLER, 1965 ) CEMBELLA ol al., 1984a, 1984b).

=05, WM TG 7 P DOP RHERT A E VMO NTE Y, BRIV 29T, DOP O Jlf”
D E RIS v EF b Ty b (KupntzLer, 1970 5 LEAN and NAREWAIKO, 1976). F 7, HEGE
D Heterosigma akashiwo V)U‘Jw‘o]”d 12, & AUEEOWS D DOP f.lfl"“'flll"é‘ % T &% Marsuba and MaRUuvAMA
(1983) WY N2 a2 7T 74 ~THMXTwD, DOP DY T 285 3d T 0% i v,
CeMBELLA et al. (1984a) DL Ko —Tili~x6RTwa L 912, Mu &N/ DOP R RiA R o) g
=MIEETBLOTH Y, L) LB T A0S AW T 0 - AL LTTETH
%,
%C“C“?fili)f'f“ S, RSB CRI, E LA BREEEE A tamarense T, 1) L EREEHIIR
B ~m}/§<fiw’>« AT ORI &, /3y THAE K O EERE T 3 o THIZE L 720 CHs

i
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MmH e HE

ﬁi%‘xﬁﬂi &SRt
199245 |2 IR B8 & 1R, S L7 A twmarense (ATHS92) %, Y bkl (- T, 1979)
BLUE "'l‘ﬁ: R A ST (var and Yamacucw, 1994) 2{EMIT A Z Lo Lo THE 7 0 — Y #RE 1R/,

B BLER SRR 0 SR L - ik (JE4530) % b LS{EBL L7 p2 Bl (GuiLarp, 1975) & ik L
(Millipore, Type GS, L% 022m), HAHHE LCHM LA, 22720, U A IERILE 279, M £ L,
ARSI L eh o fo. KR fiﬁ,fm SRRt QLR - AR, 1997 5 IR 15:£1°C, YL 200 e mol
m2sl, 12K MR A 2 ) THT o A

PR Y T AAEUE, 10% AR B E L, A4 kT { SR e L’CD’”‘»‘“}:‘}*"'éﬂ-
Toth, A— b7 L—TWRH (121°C, 1657) ?ﬁt TSGR (170°C, 2HER) 24T THh oMM

2. i‘é“?%%&%')‘/a)mwi_ﬁ%‘%%

30 DFERET T A DA E LB AN, TIUC A tamarense %I L THHERR O ) Y BIRAHE

L, S o MR A 1 'd‘/o f'tl\ v FERE o, S0 YNEE G UK T 50 $O12HO
100me =47 5 A 21250 L GIUEEEEIE 3390 150 cells me-), V) YERMEAM AWML T, ThEnoik
JEAS 0.43, 0.73, 140, 2.29, 519, TA7 M O b O F2ART DR L7z, 300 MEEAE L/, A ili#L
(Millipore, Type RA, JLE 12,m), WHrhoy S BIERE, 4EHFEY » (TDP) wEmeEL )
RO RRILE Y 7Ry T~ (BARHESES, 1900), TDPERILAEE Y ) IESH—-T) 75727

— 3 (KoroLerr, 1983) 2k b2 ERT- 7. if:, wL"{:{l ?"‘)Jl{“’ i % ({I it ’4 L1512, Im’lm&ﬁf(h.
# (Millipore, Type RA, L 1.2.m) L7zt i i
ETDP A ME L. &d, FEERBIAG lh@luiw&’l*DOP e ioas—r-om,lM“wmf

3. RO L S WMEERER

AR % TNy TR A Y, AR OMIE 2 & LIS E 1000 0, 200 2T T AT
QEIZrE L7, BE L VA, HFE (D=0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45) 1245 U Cik &
WY, ZREFEOEAREEERINL A, SN 2 oM & e g cr L, MWD
LA 5% DM TS H Mg L CILE » 720, EFRIEBIIEL e Aan L, ) CEIERE, TDOP RED
MEAFFote, 7750, D=040 & 045 2 DWTIHERRBIZES o0 C, BRTEREITLUY,
U EEILE, TDP EOWEE T o7, b, AR GAEH) e DOP #HEE 0.02£0.04 M
Tdh o7z,

PlipEEsE T, AR B VT, B (4, day)) EAIRE (D, day!) EDMIZE =0 (-
D) OGNS SOT (Timanand KiLiam, 1976 5 Nakamura, 1985), 7ifREeH 5 WALHE & M L 72,

& R

1. U BRI L DOP BV A HEE

B0 DOP LR, HML77Y YBEORFLARVEE (043~140,M) IZERIL, 2VEE
(2.29~7.47 M) 1ZIZ3EIML 72 (Table 1), & HOEEKIC L 5 DOP O F &I A d L HRLD
HTHDHOT, V) YBEORENA S A 121 DOP QLY AP & LY, ) Y EEHORNAZ
f%{?v & DOP OFEMAT Y AH % LRl -2 & ’?*71\ LTwa, Bimy rEENg s 5 DOP o2 ke

¥ Rig 1 IR L7, WRINY Y EREEIREE 2, MR £ 521, ZRLUTF OMET DOP OIY hdh Akl & L
Y, ZOMIEIEH 0.1 pmol cell! WIRIETdH - /2. ZHUEY Y ERIBONLY JAH M 0.2 pmol cell! ! Z” i
ThHHDT, FOEGIIMET D, 5, U BRI D £ LA T, BT DOP ol
SERELE 0.25 pmol cellt bt TH D, WO AT YRREOHITHICHINT S DOP A LI SHl ST
BEEIC RS, TAGHIY RS EPHOETH LI EEHETH L, EHEOIND 11»«7%:\@}1'{ EPRP L 8
BIZREWI LMD,
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Table 1. Uptake/excretion of phosphate and dissolved organic phosphorus (DOP) by Alexandrium
tamarense. N: cell concentration, 8¢ and So™ the initial concencentration of phosphate and DOP,
Siand Sw: the final concentration of phosphate and DOP and o1 and po the uptake rate of
phosphate and DOP. 15:£1°C, 200« mol m*s”, 12L:12D (L=08:00-20:00).

N S’ Sy S8 o So So-Sy” pu

(cells mi™) (M) (M) (uM) (pmol cell* h'™y (M) (M) (pmol cell' ")

3580430 0.43  0.16+£0.03 -0.284:0.06  0.16::0.02 0.480.05 -0.20£0.05 0.1140.03

3380430 0.73  0.39%0.03 -0.34£0.03  0.20£0.02 0.56+0.04 -0.12+£0.04 0.07£0.02

346010 140 1.014£0.02 -04040.02  0.23:£0.01 0.62:£0.14 -0.16£0.14 0.09140.08

3400-£160 229 1.6940.00 -0.60£0.00  0.36:0.02 0.97£0.09 -0.29:£0.09 -0.174+0.06

3370430 519  4.52£0.03 -0.68+0.03  0.4010.02 0.90£0.10 0.22:40.10 -0.1330.06

3150+40 747  641+£0.01 -1.060.01 0.68:0.01 1.08£0.16 0401016 -0.25%0.10

0.2

(o]
Y
i
O

£ :
T 0
T
- -0.1-
(o]
£ 5 i
= 0.2+
ol

0.3

-0.4 T T T

0 2 4 6 8

S0 (uM)

Fig. 1. Influence of phosphate concentration on net DOP upteke rate of Alexandrium
tamarense. Circles and bars show the average and standard deviation of
duplicate treatments, respectively. A tendency to uptake in low phosphate
concentration and to excrete in high phosphate concentration is clearly

observed.

. Y4FEERE & DOP MHEH
i MR BV, BRI S VA (0.05~0.30 day) I EHI0H CRERENL S R DS, 7
‘/J‘)\%NJ},{? (0.35~0.45 dayt) IIEHHRE R OAMLEIE I HEROBBIZ o TP L (Mg 2). #
(040 day? & 0.45 day!) TUESERIRERS SN b o/, S, Sudisizs Lo
Jv)(i)i‘“;'gr'l B DD THNE A (washout) LT L »7:720Cdh A, S PIEAFL S L7 F PR 0.05~
0.35 day? @9 5 0.35 day! ZH 0T, BT O ) L EEEILEIL 0.00~0.05 M TIEE A LW ST,
UL A tamarense ORI Y IEEIC L s THIBE R Tz o L a8 LTwa,
SETIRIERE O BT DOP RIS, AR 0.05~0.30 day? (JLEGHLERE 0.05 70.36 day!) Tikobg
HE0.0240.04 4 M RS CRE S Rdpo 7oA, 035 day? (LML 043 day) BLECIBETIZE < 2 o
7z (AR, p<0.05) (Table 2). ZO & 512Y PIEA-FCHAE L, S50 241213, DA A
720) Y% DOP BB CHHMT 5 2 L AURME S e (Mg, 3).

% =

SO TMWER T, A tomarense 13) ¥ BEEIREASISAEA121E DOP 2 B4 2 TR ASTEME X L
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Cell density (x103 celis mI-1)

Day

Fig. 2. Variations in cell density of Alexandrium tamarense al various dilution rates
(numbers per day!) during the semi-continuous culture.

Table 2. Uplake/excretion of phosphate and dissolved organic phosphorus (DOP) by Alexandrium
I I
tamarense in the steady-state condition. D: dilution rate, ux: growth rate, S and S the final

concentration of phosphate and DOP (the initial concentration of phosphate and DOP (8" and
So) were 2.79 and 0.02 ¢ M, respectively). 162:1°C, 200 z mol m* s, 12L:12D (L=08:00-20:00).

D ﬂ S e8P S0 Su-S'
D) ) (M) (uM) (M) (M)
0.05 0.0 0.05 2.74 0.08 -0.01
0.10 0.11 ND ND ND ND
0.15 0.16 0.01 2.78 0.08 -0.06
0.20 0.22 0.00 279 0.00 0.02
0.25 0.29 0.00 279 0.03 -0.01
0.30 0.36 0.00 2.79 0.00 0.02
0.35 0.43 0.50 2.00 023 -0.21
0.40 0.51 1.38 1.41 0.42 -0.40
0.45 0.60 027 1.2 0.22 -0.20

P RTO DOP OBANE, BT T 2 2 by ey 5 ) T OMIRENT AR IEFT LT Y T
d AT Py —H (Prrry, 1972) & 5-R 7 LA ¥ —¥ (AummerMan and Azay, 1988) (2406 e g
POEBIHE L CRPICEET A) DL AMADHL L > TR S, 74 A7 7 ¥ —HILERIE7 4+ A7
7 —Bhdh DA (Kuenzek and Perras, 1965), 77 U HETd 5 dipdcoh Re #d &4 2 HIlg &0 ¢ i
ﬁ?mu”»w07wx Ty =ETHY, U CRIEREZEHI DOP O Th Y LT S L ATV & JIRSY
LCHRREZ ) BRI 2 B (Kuenzuer, 1965 5 Kuenzier and Perras, 1965 Perry, 1972). 400
@ﬂ:.iyk ) RS E ST NS ) T A AT 5 = VIREANE {4 B L v ) il (FrrzeeraLp and
NELSON, 1966 ; Swith and KaLer, 1981) & —F9 5. A tamarense 12200 T ) Y BEGHRIEE T A 7
¢x7vﬁmthtmjuﬁmthd%éngwé(WNWai1%%.
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IFig. 3. DOP excretion by Alexandrium tamarense at high growth rates in the semi-
continuous culture. A broken line shows the concentration of DOP (0.02 » M)
supplied to the culture.

SIIOFEERTLEL, ) 2B 2 0 MELF T DOP OFUHASHIEIY IS DOP O HEH % .‘f!l]/:’o ZENGRIE RN,
TN T F AT 7Y —EIE A VAT LY S EER P M) EREEII W L CHURTH BT
O, U EBEBOBEL L THWSITE D (Passcue and Eroa, 1988 ) AMMERMAN, 1991 ;) LAPOINTE,
1995), HRWTHLH ) LB L o THHATEH SN A 2 L b Mms A Tv 4 (Bencis-Garser and KUSHNER,
1981, 1982 ; AMMERMAN and AzaM, 1985). /N0 MO EVRERE L X8 & L7 Navscn (1998) O#5H T,
UxﬂjlﬂMHﬂu7wﬁU7wx7wf~ﬁ $wmw%&&wmw%v,mwmfw,clmPﬂ
Db L) ThHLEMESNTEB Y, WUEE Pyrocystis noctiluca % w72 ST ) o sk

006y MELETT AT 74 A7 v & — VIHHEDPI S, 3 MC IR BUE XimA EML
(li(‘y ST S (Riviay and Swirr, 1979, 1980). 4O A lamarense 12D WTEH SN 24 ME WS 4l

CRETOREELTHCHTHY, KEOY P BIEILET 5NN L 2 %S 5 &
(Ye\;\mmom and Tarurant, 1999), DOP OFIMGEIZEENL T L 00 Lk,

Al 5k BT, A lamarense Li?T:é BANEWIEBRIX T DOP BHE T 5 2 LAV s,
IHFET, ST R, DOP DPEHIIRGEOE AT L2ssE iz £ v b w i shtwn
% (KueNtzLer, 1970 5 LEAN and NAREWAIKO, 197()) 78y FRERO G IR b o ) BRI L
TRBIZH B, 0, SHOPSEEE R TOFRBIEE OB CBIEAS R U, 5L <
WABIRETH Y, ITNODRREE -k, dhbb, AM@%\bb U BEARRICAEL T
U SR ALHAILS, DOP RPHET A b0 L EEINS,

DOP (BRI R IZERT 5 ) & o R¥H ME i (blmvm AND and AusTiN, 1960), ADEREMNIZEB LT
WY TT o bR TEL Y YL LTHRERSITY S (Jackson and WiLLiams, 1088). F 77, i
BB D S AT S DOP WO L EICRE R EEL S5 2 Cnb T E bWWﬁ%é<Mmm«1%ﬂ
L L%idss, ?%Wmmu%#¢&£MP@5% EO LS LREOL 0% WMJ// b > AR
P DWTOIGEIERGE I e o TIF DN A L S 12 5 /2D 0 ThH A (B2 1E, Biorkman and KAI{I, 1‘)‘)4)
SuzUMURA et al. {1998) if T, BRSO LS J ‘) BRI & 47 *J"i‘aﬁ@:@Ji?lf“f“*f/f AepWi4 5 21240,
BlzT7NH) 74 A7 ymku¢ouwgn@¢wm»%Wﬁ<dmmmVnmpﬁﬁiﬁfmfwé
ZETHEE LTS,

TGy Ly DOP P 2 M0 % i, ) YEBEAHET S 2 LSVl g Kok L
T H D NBTEMET ) L v ) EBRE R DWTTh S (BerMan, 1988 ; BENTZEN ¢f al., 1992 ]

4




166 (ARKER - B - e - 5% Wil

Corner and WETZEL, 1992). A. tamarense LB HTH A A catenelle 12 LT, BN TIED D05,
ANBWEI L FREB) >0 <0>ﬂ»ifaﬂl HTEBILAMEIN TS (RIS, 1999). A
tamarense W oWTIE, YY) LEERNTANE LV I EIZDWT, FHL f‘b‘tb*’)i’?i
& (Prakasn and Raswip, 1968), FJH 4“/@2:1/\’) WebAsd b (B - SN, 1990), ML AioE
b3 miiiicE o Tk, 4, A tamarensec DEHAIEY 3 HRIHE £ 0)7‘14 FFAY
AL GO TERMWIHRT 5 L £ 10, A tamarense D38BT A K2 /E&&ﬁ,,,nf)‘iljftg”"’ © BRI
2T % DOP ORI & THATHETH 5 OIS SR HED LU DH 5,

Bt ¥
Wy a KL 2o 750 7z Vaishali Pawar 209 L 5
5 B X #

Bt A6+ NG HE 1090, A7 iR Alexandrivm tamarense ORIYRE, S, 38, 51-59.
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Utilization and Excretion of Dissolved Organic Phosphorus
by dlexandrium tamarense (Hiroshima Bay Strain)

Tamiji YaMamoro, Kenji Tarurant, Mutsue Kawanara and Seok-Jin Ou

Faculty of Applied Biological Sciences, Hiroshima Universily,

Higashi-Hiroshima 739-8528, Japan

Capability of utilization and excretion of dissolved organic phosphorus (DOP) by the toxic
dinoflagellate Alexandrium tamarense (Hiroshima Bay strain) was investigated with both batch
and semi-continuous cultures using natural aged-seawater from Hiroshima Bay. In the batch
cultures, significant net DOP uptake was detected in phosphate concentrations below 2 2 M, while
net DOP excretion was observed above this concentration. The semi-continuous culture showed
that A. tamarense excretes DOP at high dilution rates. At these rates, this organism grows fast by
utilizing sufficient phosphate in the medium. These experiments, although preliminary, suggest
that A. iamarense (Hiroshima Bay strain) can utilize DOP of natural seawaters under a condition
of low phosphate concentration and excretes DOP under a condition of high phosphate
concentration.
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