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Effects of Nitrogenous and Phosphorus Nutrients on the Growth
of Toxic Dinoflagellate Alexandrium catenella

Atsushi Matsuda,*-*2 Toshitaka Nishijima,*! and Kimio Fukami*!

Alexandrium catenella, the causative dinoflagellate of paralytic shellfish poisoning and red-tide,
has been grown in axenic and batch conditions to determine the effects of nitrogen and phosphorus
on its growth.

This organism could use NH; —, NO; —, and NO; N, as a sole nitrogen source, but could not use
urea and twenty amino acids, except glutamine. And this species could utilize both inorganic and or-
ganic phosphorus compounds, as a sole phosphorus source. The half-saturation constant for growth
(Ks) of inorganic nitrogen and phosphate were 3.3-7.7 uM N and 0.72 uM P respectively. The mini-
mum cell quota of nitrogen and phosphorus were 7.0-7.3 pmol-N/cell and 0.32 pmol-P/cell respec-
tively. The maximum specific growth rate (t,,) was 0.47-0.55 day ! under nutrient saturated con-
ditions.

The relatively large Kg and small p.,, by A. catenella compared to other typical red-tide
phytoplankton species suggest that this organism could not be a dominant species under inorganic
nitrogen and/or phosphate limited waters. The present study reveals that A. cafenella is suitable to

grow in eutrophied coastal waters of elevated organic phosphorus concentration.
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Alexandrium catenella (Whedon et Kofoid) Balech &
A BE T A KM B 35 (=Paralytic Shellfish Poison) i,
FEZEAE L HRACERIWECERORVWATEY
SlERIT, 20Dk, AEBRIZXSREOBLIZIASELE
W REEERME E A& L o T B, 4, B
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GHLiroT05, EbIC, ABIIBEERICISWTHK
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Zho, RE#EL, REREDIE « FHODICE
BRRCHET H2ABROERYERTILNERD S, B
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B> TWAI DD, RESEOKTBRONXEEY
BRECHAL, CORCHEBCELLEMBT LI, B

BER CORBOLERBY NS ETEETH S, Lo L,
ABIITHE < R, BCEREBERSRE T2 LI
mz, TLEATRBER CIIHEEHLENT 200, FEE
FA RSB At RIT s h Tl b o7,
ZF T, AR T, A catenella DIEFE LB %
RBTHOICH LA EBREBE L, X5 A catenel-
la DEFE « VVERICOWTOHBRERDBEN X
UEBER « UV VLEBHOFIFREIC OV TR L7,

MEE&LUHE

FRICIRBRELFFEK S 5 1987 G fgkiLE
HAEOERFOY A b RFSH, ChEO5EEL:
Alexandrium catenella TNY7 (JBE 7 O—#) #HV
7oo BEFEITE CRE 20°C, X5 80 umol/m?/s, BERE
B3 14 h B : 10 h BE CFT - /oo RBRPOEEIRREIT,
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FeTY,» ST100, ST104 59 # Wi ERARBR B LU
DAPI(4’6-diamidino-2—phenylindole) #¢fiZ X HE B
BERIC L DRER L,

HREICE L -2 AT ORET BHERY SEIER
L, HEEREERS 10mI A - /- ¢18 mm ABREIC SWIT
m B CHEFE S 7oA E L, R B AN 500
cells/m/ b7 % L DB L7, RABRIT 2 BT
¥ 7\, Series 1 Tid¥%3& 18 B H, Series 2 TiH:
HEIUTHARABOERRY LD, FBAVASA FT
S AT AW CENEEE T CEE A TWIEEREY B
Lo, ABIL, I Ny FETIARILTTT-
720

HHICRETERERER - U REOHE EERIC
i3, ERORBRTRL LWIEEOBOND I EHHLH,
IZ 7% - J-metalsmix SW I 55 #9 % B \ /2, A
catenella %, RBETOFREEE (BFE/3Y VE)
w4 EM LTz metals mix SW I LS CHERE A
gD & CHMREE U, AUEREEE L/ A ctenella
%, B ETAXRBEBEOREYB A ICEIE
metals mix SW IL £53#16) 25 10 m! A - 7= $18 mm REE
WCERBL, 3R TTNNyFEICIVEREEYT- 7,
MERERREORBII>VWTR, 7VELTEER
(NH.CD) B XU, WBBER KNO;) OREHEEH
DU MRS 9 BERE (0+0.1+0.51+10+50¢ 100 »
250 « 500 uM) WAL SERBET -7 U VEBEOK
BTN, BEEFOY VB—h ) A (KHPO,)
B A SEYME (00010205+1+5+10«25uM)
R, EREEORETTNLABKR T, Aid
5> TA— P77 L—7M0E (121°C, 15 min) LT\
22 3 4B V5 I @ metals mix SW I 8539 12, EB®EE
(Millipore #, Millex GV4) L 7SR\ OKEBE % &
BNz, SihaiRel L, SR VEBEOREC
DOWTE, UVIRERRM LR — o L—T 0
(121°C, 15min) L, RBRICH W/, 222U, HBICH
WSEEERIE, RARBAKEERE LTWD T EhDOEE
BEAZHEML TORWEERFICD T CICREEES S
FNTW5H, £IT, KEEEZHRINT 5RIOBERF
KEENLFBRERE (BEESREE : 1.6 uM, &
RUVEBE - 0.6uM) &, ¥RINL7REIERE ORY S
EHARORBRRFOFRFXEIERE L Lic, MREE
i, BISTERMEE A AV TEEGBIC L D RD -, HHE
EE (@) 13, HEMBOEX AR KE ix- 2
OMFFEE O BE» S RA (D R HWTEE L,

In Nt'=InNt+u(f —t) (@' >t) (1)
ZCIT, NN ZxzhZhtRA, ¢ BAHOHREE,
IS HIEAEEE (day) &2F T,

£z, HMEEE (0 LXRBHREE S) LOBER

i+ Monod ORKD (2) CEF I LB TE %,
— S
HEE E+S ©))

ICT, SHHEMBBORBERE (uM), um 35
KHBHEEE (day ), Ks 13 BRERMER T K/2 52
HRBEEE (i) Hnd, QAL REFET IV
= XL (Levenberg-Marquardt #9) 1= X » &K H
BEHEE (um) B L UERMER (Ks) #EBH L7
iz, RAMREE» CBEEELH U (RAHARNE:
B L7, 3610, THAMEEEST > § kv EmL
TEEYT->HBE, RAMRIKE (N) s
RrONEIGEE (S,) OMMCHEVERAICHEML, ®
E

q0=So/N 3)
TERICEPTELEREL, REHETVIY AL
(Levenberg-Marquardt #8) 12 & » &/ NAlap Bl
8 (q) ZRDI,

BEER - U FRAASHE S=REFRSHCEET5
BRTHEREY, U VEFIREECE T 288 Ti3Y
V% £ I LTV metals mix SWITEEHES C,
REOBHMNILE 5 T CHEMBEELT- 7, HEEY
LcAB%L, EHEE « U VIE % & metals mix SW
TREHON 10 ml A > 7= ¢18 mm RBEFICHE/EL, Ak
BT, BERIL, SO LOI— 7 V—TAR
(121C, 15min) LASRS 50 U v EIKEMD
metals mix SW I £ 49 =, RB®E (Millipore #,
Millex GV4) L7:&BEFR - U VIEOKEKE, HE
BHROERBED 250 uM 5\ id, UV EBEM 25 uM
LB KO WERMICHIN L., EREFRSEICEL
TIdhgRg, HMEE, REBIU¥7 UV (Taw), 7o
yv (Pro), V¥V (Lys), A =Fv (Om), oA
vv (Lew), £ vafyy {e), 72752V
(Phe), Y (Val), AFF=>v Met), FU T}
77 (Trp), Fuv v (Tyr), 75=v (Ala), 7
V¥V (Arg), AVA =y (Thr), 7V v (Gly),
L AFV (His), ZW& 3 (Gln), £U/ (Ser),
TANSGHEY (Asn), ZIVZIVEE (Glu), 7ANS
FUBE (Asp) D21 BHOT7 I /B2 EREL L TE
NN BEEIC BRI LR L7, U VFIREHIIC
DWW, UVEBERZKRAUT L (PO, -7 VUtoy
VB> FU T A (Glycero-P), FUKRU Y VEEF Y
7 /s (Tripoly-P), ¥’ vEF U A (Pyro-P),
A2 VEE (Meta—P), 7Y V5 —Y VB YU
7. (UMP),D-7 V7 +—A6-U VEE—F F U™ A
(F6P), 75 /v v-5-ZUvE (ATP), 75/ v/~
5~V vEE(ADP), 75/ v /-5-—1) Vg (AMP),
PO 722V VEEZF FU Y A (NPP), D-7 )1
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a—ZA-6-UVEB=F U LA (G6P), e D-7 ) a—
Z-1-UvB_F +Uw A (GIP), 77/ v -5
YT FUw LA (GDP), 77 v b —Y VB
+rUZA (GMP) O EERZY VEREELTENRZ
NBHTEHAFICTHEN LA L7, 20 L <iX22 B
B Lotk BLNIEMEE T CEERHNC LD Ml E
HE L, HHEEDL, EREDHWIEY VIRERMEKD
RS 0, MEBRESREINK L L CERREY ViRInX
(KH,PO,) DOBHEEX 100 X L, Thicnd 5HERE
OWME (%) TrLli,

= £

WRICE LR ATEBERDRE Series 1 Tl
AEIRREGA L EBE & Uz SWIRESHD CRAME
o fo (Table 1), HCHLEBEEBMHE (RHEHE/
HBICTERLAER L DAR) 28 M LA-SWIn
B d) TR ERE» - 7o —F, AT ASP, Rk
W0, HAERAEEM (ALTHEK)D &\ o AT#K
BEB Y Lo e ATHEER CIHEVWEER LA E 6N
sirote (Table ), L L, BEATEEROFT
b, HEAAEHY (ATHEK) OBAEEREIT 0.49x104
cells/ml & fD5E4 A TR BRI & e U CTHu4fs, 1858

Table 1. Growth of Alexandrium catenella in vari-
ous culture media

Series Culture media (x f&lchifsl?m N
1 SWIIm® 2.06
SWIY 0.55
9) *1
SWII® 4+ PIT*1(10 ml—}/-lS)II*Z(IO wifl) 0.76
SWII® + Yest extract(10 mg//) 0.84
Modified Ishimaru Medium!? 174
(based on natural seawater)
Modified Ishimaru Medium'V 0.49
(based on artificial seawater)
ASP,NTA0 0.12
ASP,NM10 0.10
2 SWIm® 1.61
metals mix SWII® 2.26
SWII® 4 PIT*1(10 mi/!) 0.42
+SI1*¥2(10 mi/1) +CII*3(20 ml/1) :

*1 PII (1ml!) contains; Na,-EDTA 1mg, B (as HsBO,)
0.2 mg, Fe (as C171) 10 ug, Mn (as C1-1) 40 ug, Zn (as
Cl'1) 5ug, Co (as CI'1) 1ug.

*2 ST (1 m/) contains; Mo (as Nat) 50 ug, Br(as K+) 1
mg, Sr (as CI-1) 200 ug, Rb (as C1-1) 20 ug, Li (asC1-1)
20 ug, I (as K*1) 1pug.

*3 CII (1 ml) contains; Glycine 1 mg, D, L-alanine 1 mg,
L-asparagine 1 mg, Na-acetate 2 mg, Glucose 2 mg, L
glutamic acid 2 mg.

Bh@mdr o7 (Table 1), X6IC, dERAEMDICD
WCiE, KAEKEERE L, tHEMBRE2< 8%
WHEERAEEY (RAREAK) Th SWInm S &3
ER UHEMENE SN/ (Tablel), % 2T, Series 2
T SW I m 55 O L8t UK % o0 A AU D C R
L7 &BERICE 2% 2 /- metals mix SW IL 16 % 34
BL7s A SWIIn SIS ICICHT 5B BEAE OGN
7= (Table 1), DAEDCZ &5, HE#WHOHHERMTRT
L, SRERCBE®Z A ENTRTHY, £/, &
BRK ERRBKEFRAT AL ETIVHEAELNS
e M oz, TIT, DEBEOLTORRICIE
metals mix SW I EZ#19 Al L 7=,
HRICKETTERIERR - ) BEORE FEOH
BRI, RN L EBRERRE S AT 5IC o0
Bz 7 (Fig. Do LAL, BRELLTTVES
TRRERTHRMLEE, BHEREEREE 2516uM T
BRI TH > - bODOEEMBEIHA T TH
FBEIHEME FHFEMAR A 20 I5IT, ElEER
B 501.6 uM TIIFET X7 h - 72 (Fig. 1B), Kb
POYPFIERE & HREEE & OB & BAE R
HEDOLAER B L URA M EE # B8 L8

Inorganic nitrogen
concentration

—a— 1.6uM

—o— 1.7uM
—a— 2.1uM
—— 2.6uM

- 11.6uM

—— 51.6uM

Cell yield (cells/ml)

—A— 101.6uM

ol | L —o- 251.6uM
10 15 20 25 30 35 _, 5416,m
Incubation time (days)

o
o

Inorganic nitrogen
concentration

—&- 1.6uM

50000

]
(=1
3
:
w

- 1.7uM
~4— 2.TuM
1000

—— 2.6uM

- 11.6uM

g

—— 51.6uM

Cell yield (cells/ml)

—— 101.6uM

10 ISP S| | 1 ! i

0 5

—— 251.6uM
10 15 20 25 30 35 __ 551¢,u
Incubation time (days)

Fig. 1 Growth of Alexandrium catenella for differ-
ent concentrations of inorganic nitrogen.
KNO; (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Inoculation of experimental
test tube was with cells previously incubated in
metals mix SWII medium without nitrogen un-
til stationary phase.
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NO3-N
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Ks=7.7

0 SR T N D DU

0 100 200 300 400 500 600
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0
8
- NH4-N
s um=0.55
(501 - Ks=3.3
-
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0 100 200 300 400 500 600
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Fig. 2 The specific growth rate of Alexandrium
catenella versus initial concentrations of inor-
ganic nitrogen in the medium.

KNO; (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Maximum growth rate (um)
and half saturation constant for growth (Kj)
were calculated to be 0.54 day~! and 7.7 um in
(A), and 0.55 day ! and 3.3 uM in (B), respec-
tively.

F PREMER B LURKEEBRERE I chTh, B
BEgE% C 7.7 uM, 0.54 day—! (Fig. 2A), 7 VE= T8
22 % T 3.3 uM, 0.55day~! (Fig. 2B) TH - 7=, (2)K
& 0 FEINERD 10 5O RK R EE O# 91%

=10 .
E 0000E
0
© i
L
- 10000 -
]
> i
§ -
1000 -
£ g NOs-N
g qo=7.3
x
©
S 100 b
1 10 100 1000

Nitrogen concentration (uM)

=1 -
= 00000 :
1]
= r
A
> 10000 |
o 5
> i
?o" |
1000
g E NH4-N
£ L qo=7.0
b3
©
s 100 Y RV SRR
1 10 100 1000

Nitrogen concentration (M)

Fig. 3 Maximum cell yields of Alexandrium
catenella grown with different concentrations of
inorganic nitrogen.

KNO; (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Minimum cell quota of nitro-
gen (go) was calculated to be 7.3 pmol/cell in
(A) and 7.0 pmol/cell in (B).

BE2ZHRBERE L EHINDERI L6, FEBEOHK
BRI RBESRIRE T uM, TV E DT RRE R
BE 33 uM TR 5 L& 2 bh 5,

RAMRDEIL, SRBES LRI SICONTHEX
L, WEBRBER TiL 251.6 um TiHITRAFIICE L (Fig.
3A), TVELTHEHRTII251.6uM TlRAK Lk -7
(Fig. 3B),

FREHIRTICINT, WEAEFINCE LREE
DR AMBAFE & ik - 1R OMfah O 2 DY EEEL,
MR OMERFIC LB i/ N (R MERIN R EIERE)

3 LETER (Ks) O 10 fEORBRIERE % 10Ks &5 & (R LD u=pmx 10K/ (Ks+10Ks) =umx 10/11
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YEED, M0 OFEEREITT—EMEL LS
YEET B &, B OMPRERRE L TN 5
BRI R & OBARIE, AR BAERBAR TR T
LNTED, ChEANEZS7 ETRTEEE1IO
EFECESEHFEN L, £IT, SEDRER &>
¥r57kc7/ay L, BFRET, ZORE, W
BEEER, TVESTRER L LI 2516 um LT TR
KRR » R ERRE F OBRER(3) THRT
LHTE, RIBEAZESBIIMBEESR 7TV ED
FHREECTCEFNENTS, 7.0 pmol/cell X HE S iz
(Fig. 3)o

AEOHERERE 3, iR LRy ViR
ERAERTAICONTHEAL, 5.6uM TIRIFRHMCE
L7- (Figs. 4,5), M\ VB & WEHHEE & OB
> O BEFHHE BE HE DY FIRIE RIS & U K IR
BRDIETHAEFNFN0.72uM, 047 day ! LHH S
n7 (Fig.5), ZOFERERD D, KEDHLHHHE
BB Y VIR T2 uM TRIFIT A L E 2 OGN b,

BAMBINET, SrhOBEERY VBEIIRE
LAEERE U VR 10.6 uMm CRIRIICE L7 (Fig. 6),
B FR OFEEAAR ) VIR & IO A IRAHIRIIR
EHXCEHLAABEORIMBEAY vEEIZ032
pmol/cell B X h/= (Fig. 6),

DEDHEENS, ABROERBLIUTY VEREDE
D, HEEEE > BRAHRNEOTH #HKICT HHE
HEER, 7VESTRERBIUMBEBERTENE
N 251.6 uM, EHEREY v T106uM THAHZ LB S
ML -7,

gEEE. ) CRANARYE AR, BEBREToT
I BBEREOIHLIINIIVERIZ LAY ZERRE

100000 ¢ Ortho p

concentration
[ —m- 0.6uM
10000 | -8 0.7uM
: —&— 0.8uM
—— 11uM

1000 F 8- 1.6uM

Cell yield (cells/mi)

—o— 5.6uM

—— 10.6uM

40 —— 25.6uM

0 10 20 30
Incubation time (days)

Fig. 4 Growth of Alexandrium catenella for differ-
ent concentrations of ortho phosphate.
KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without phosphorus until station-
ary phase.

LUTHEBICRBEcCE b o7 (Fig. 7)., HEKCFIA
WRETH - I/ IV E I/ ORBERE, WREBERICLS
BREEOM 0% I L T otz £, REZERELE
LTHIRT A B TET, ABRIRBRET - oEERE
ERFERIT LA CHBEICFIRCTERD - o, ENHBEE
i, MEEARREESE & I HEICFIRATRE T - oo

0.6
—~05 |
!
304 |

£0.3

0.2
(o]

um=0.47
Ks=0.72

G 0.1

O S RIS IR WIS WS S
0 5 10 15 20 25 30

Orthophosphate concentration (M)

Fig. 5 The specific growth rate of Alexandrium
catenella versus initial concentrations of ortho
phosphate in the medium.

KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Maximum growth rate (um) and half satu-
ration constant for growth (Kj) were calculat-
ed to be 0.47 day ! and 0.72 uM, respectively.

=100000

g g

0

® i

e

< 10000 |-

2

=N

@ A

= 1000 |

>

= q,=0.32

= i

[

S 100 Lot )
0.1 1 10 100

Orthophosphate concentration (M)

Fig. 6 Maximum cell yields of Alexandrium
catenella grown with different concentrations of
ortho phosphate.

KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Minimum cell quota of phosphorus (g, was
calculated to be 0.32 pmol/cell.
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N-source
558

o 5 100
Relative growth (%)

Fig. 7 Growth of Alexandrium catenella in media
containing various nitrogen sources at 250 uM,
expressed as percent of maximum growth in
the medium containing nitrate at 250 uM.

Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without nitrogen until stationary
phase.

AEL, TR L2 TOEBRBLLUEERY Vi
VIRE LTHEBICFIA TR (Fig. 8), ABLAY YV
BO>H, FURYYVEE (Tripoly-P), €0V VB
(Pyro-P), 77 +—2-6-9 v (F6P),p-=t1
7 2V VBB (NPP), 7 Va—x—6-1 VB (G6P),
T a—A-1-1J VEg (GIP) O#EEEITERKEY VO
56~80% L ETERP -7 bDD, OV VETIEA I
FUVEBICTEECT 5 (B 52 5) R TR L,

% 2

B % T BRI DWW TR B 1T - 7o 8 A. catenella %
BABHEIRLILDTELZEANTERERIIFEALAC L
MWTEdp o7 (Table 1), Fih b6 KAEBKEHRL
ERTEhoEHRE LTUL, #KPICHEET B8
DY A IV, BEESBUNOYE % ABENLBEICERY
Lz EBbhb, SEOFRTIE, FEOLEBREKY
BEERPICHEMLCORPEh o7, L L, XERH
HEHOICANON T L2&BREBEZHRMT 5 L&
HWHEENMEON/ 20, COEBRRIZOLAEEN
B8V VICAKBEICH S B HBIRER R 2 B 5 FIREES D
5

WA A8 S N /- metals mix SW ILES 9 (3, €
#E, U VEOXBEEEOEWCEFEO LB SMEER
BAREEBEE LTS, £/, BHLRS T

PO4
Glycero-P
Tripoly-P
Pyro-P
Meta-P
UmMP

F6P

ATP
ADP
AMP
NPP

G6P

G1P

GDP
GMP

0 50 100 150
Relative growth (%)

P-source

Fig. 8 Growth of Alexandrium catenella in media
containing various phosphate sources at 25 uM,
expressed as percent of maximum growth in
the medium containing ortho phosphate at 25
UM.

Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without phosphate until station-
ary phase.

MRS EAOEBRERNEBEHZ ChEI MDD
FEERERRIC TS HETRETH 5,

W75 P ORBEOB T ARBIE, K
STEREMOZTEATERR T CEBREE LV, Ly
L, ARIIZLATERR CIIBEALE, RARWKEY
L LARRRARBRIC A58 o, D
72, RERPOBREE LI (ABRT T8,
wnL7-EREBRESIEEICENE, BMLCEER L
DLRERBOERE L T 5 KAREKFICL ELDEETNS
TV/EZTBEVIEBEBREROMEL B R, R
FOBNNC L ARMEDOER LD LR E 250, #
T, BERTOZREE B /-ABRTIE, Hn
LIcSERBEORENMEKFORBEEBE LD L +45%<
e AMEREERRE 116 uM U LD T — XD Aa %
Eic AV (Figs. 2,3), 72k, ABRIIABEBERS
FEAEFIHTERWT bhb, WAKPOBEEBERR
DEECRITTHBIERTES L ELOND, —T7,
TR Y VICBEd B ERMENT (Figs. 5,6) IoW
T, BERROFBICHER Lo KREKPOBFRERE
U VBB R TIE GBI Y T ABES) LI 501
EIMUTES BT LI Dol b, Eihic
Bor LOBENHBHFEERY VER, RRBRCEEY
RET AR R E 2 SR D,

—iC, FEMER (Ks) BECES TS5 7 b
i, BREOXBESMGICHGL TR, B¥EERET
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TOMFICAFITHH EEDN TS, AHETHELA
7= A. catenella DEF » ) VBT 5 HIBEEE O¥-f
FER Z BERERICER T ARENTEEE, FP¥E
BLHETDE, £ TOFRBRCHL TELVED >
7- (Table 2), %7z, Alexandrium tamarense 22\ T
Yamamoto and Tarutani KD 74V bV VEEER &
FUUVHIBRTICRT 2B 5/85 A —& =10
# 3512 Tilman and Kilham!® O X % B\ CHEBERE O
HEMER BB LA2EIH00lum 72D, KED
{liit A. tamarense * HEE L ThEM -7, 6K, &
BORKHWEHEEIZ >V, hoMm 57 MV
L0 HEVETH -7z (Table 2), L7=h- T, HIEHHE
BEOFMAMERIC OV THE LBV ICEWTE, &
SR, MORPEER L BREBER -V VOFIA
D<o TRE LISBE, RRBEAIC 5 ATREMITE
WwWEEZLNB,

4m, BEERBEERY SBRERICE 2 - KREK
AR EMH D C & T, BLATEBER CIIBEOE
WAE T HIEEE OVRMER X+ N TEI,
L L, BERICKREKFER L L EERZRRICHE
Wi TR S WHEE SR T, EBEEEROMEOY:
FEAMERICEL T 114w P LD T — X % fEHTIC
WELEEEL, ERE T TORRZIEMEROEL
KRB RS ENTERVEVLOMESRLE /o, K
i LG BERMOES ATEEZER AV CREE D O
BEE CHRERREYRELABRELTO CLARIEE
LV, EEBEFROBEEE OXRMERIC >\ T,
SHLABICHE L LEEANTERER Y RO TRBR 2T
DT rR, FIHEBHEEORCKABK T EHRKOLE
BeLTHY, KBRETOREARBIT LI LRETK
V) 224 75 BETEIRIE O BIFIER AL S T LEBYH
5LEZ2bN5,

AEOR/MIBASERSEIL, EREE L THBESE
FEx AW EE1S 7.3 pmol/cell (Fig. 3A), 7VEZT
BEFEL B HB413 7.0 pmol/cell (Fig. 3B) & EH
Sh, MEICKER o7, Alexandrium &7 57
FroORIBRAEEREEIC DWW TERARXUAMAC S
Alexandrium minutum O 2 BRI > W T X 1 £ h 3.0
pmol/cell, 2.7 pmol/cell, Alexandrium tamarense T 5.2
pmol/cell, Alexandrium affine ¢ 17.0 pmol/cell & O #
HORBRINTED, ABOR/IMIANEREEILC
N6T75 V7 FVOFERNEETH - 7o T, KED
MBI BN Y V& BT 0.32 pmol/cell (Fig. 6)
L A. tamarense @ 0.56 pmol/cell'? £ 1) H{EVMETH -
72

AR THB SN A catenella D/ PN G E Y
KABERRBEEHR T 5O MLE L FRIEREOE H %

Table 2. Summary of reported maximum growth
rate (um.) and half-saturation constant for
growth (K,) of nitrate, ammonium and ortho
phosphate on various marine phytoplankton

Nutrient Species d’;"s‘f}l) (/5{1&) Reference
Chattonclle 081 10 ®
e 202 078
SYI‘)l.mlassiosim 1.69 1.28 15)
zi’é’ife’fz‘f{"“’” 054 7.7  This study

Ammonium ,(r;l}l)}rerlt:zngzzmm 0.98 0.58 12)
%%%ﬂl 0.74 023 1
%ﬁ%ﬁs L71 048 15
bgh 18 0269
ST}‘)lfalassiosira 1.63 0.77 15)
Alevandrium 55 33 This study

BOTE" i 082 014w
2$%$de 083 0.1 19
ey 200 01619
Skelefonema 1 35 .32 19
Dialissisira 170 023w
Alewandrium 47 .72 This study

RAdc, RBBREATI SR TOIE, Paitd
1,000 cells/m! OMFRHEE S LETH D, Ui/
AN ESEAF U CE B2 RERED/-DIC LB R
HBRE L L, ZORR, FETUBICIIMHBEEREE
T73uM, 7VEZTRBERBEE T7.0uM, EHEY
VBEIRZuMBLETHE EHEIN, LI L,
A. catenella H3FEH 3 5 WA OFRR L B H LB O EHEE
EX - U VEREDY, EROKREIHRICHE BEEBER
U VEERBZAZ SITENIC LR ARIHR
BHRIC W T ICEEREESR - U VESHIRS T
5rtEzZ26N%,
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FREAEBRERDI L, KBEEIIZ/VEIVERLT
HFERF L L CHBICHBCE R » 72 Fig. D, —
¥, BEERCLTILESEBEICHET A L3060
T\ % Skeletomena costatum (FYGEE) 1, /L& 3
vV, TR VA EBRBERE L JIIRKCFIHETES
L OBERD 52D BRBICOMET LIl TiX, BE
REFEESEBRBEREE LITFE L2 LAEE
EABEREND TEhD, TORTEEEBEROF
REEOEWE, BBER TOREDOWE, HES, fi
OFBT 5 PO, BLABEORTRICEEYRIT
LTCWBHERTFO—DEEZ NS, AL, EREER
KELT, D757 PV EDBEITFITHSI L
M2 ERBERBEOIR LAY ZFIATERNC 2 H
5, SBREFEOFIFICEE L CIIERRE - FREZ DIl
DTS5V 7 PV EDBEEIAFITHHEEZLNS,

A, RRICHWAEEY VIREY & THEBEICFIA
ETho/c (Fig.8), REMZKAEEYL /57 bV
D >t Gymnodinium mikimotoi 13, A¥E L FERIC L&
HORBEBY VELY AL N VB ERBICFIHATES
B, 23) Skeletomena costatum 2 Chattonella antiqua, Chat-
tonella marina 13, SERB LB VIEDOSH 5~
THELAPFBTELAP - EBBEIN TS, 9B
Bsiciy, EERY VRE LTIFEELVCARREY VB
FRELTEY, 2 kLR BADBIC W T AL EHERY v
DERHED VBB T ARE CHRET A L ES
DIMHER LTS (KFER), COIenb, fBKbD
FIV Y VBOBEMEVH S WL, FORLSIhc%k
HTEBWTHABRISEROBEEBY VEZFET S
TET, Y VEERRIACHATERVERLD LE
P DI ERTELEEZLNS,

AL, SEBEGPITE -k S ITHEEEICHT 5
ERRBEESR « U VOXMMER Y TR0 T, fib
OFREWE T 57 P/ EDORBI LT[ EY LB
Fohb, LHL, EEZ, FEIDRESRICEWTHR
BAURTAECHETAI L bH 5B, JORICERR
EH o U VOPENERDENREIBBERIC 5\ T
BEE L5 EBTEHOR, ABEOEHBMBAEDL
MOWEREL D HENT &, 3V FY VEELSHIC LB
B VR LOERY VIEZEA < BEICFIHRTRETH
LI EHBTOEEELTELOND, FHEREL ST
% < OWREEEL 20°C AR ZEFMKRD D 520 DICH
LT, XEBEEZFN LD HEW 15~20°C THAGEE, &
KAAEESRLE<ZY, /KR 10COERTDL
WREAEETH 5.8 S hid, C. antigua % C. marina *
W HREEOEFRE N 25°C NI TH 5500 » I,
B LTHIE, — 7, Heterosigma akashiwo (KBRE
BE)2D % S. costatum'® &\ o - R EIRRE R HHEREY v

T ELRBEEARE Y VEE LTRHRETE ZVWOIZ
LT, ABEIAEER) VER LOEEVREOY VY
BIA < MICFIRTIRE TH B, DI Lh b, HREE
BHEARBRICKE VT, KBS OOBEEESEHE LIC <
WISCHIT &Y, AN VBBREZ TS E, A
SAEBREY VAL LDEEO) VEEFIR LCHREL,
TV EDVEELMFIATERVE, U UEERIRL CFIR
TEBVWEID LB LR, REEHERTHEEXLD
hs,

PEDZ Eh6, RELEFERNBRIBBICHEL LT
BY, hoREEH TS5 7+ L EBEER - U VD
FIBIBI L CHRA LIBA, REXMOFRETS V7 b
VED LB OAERIIECC EBBELLIC RS
Too i, BRBILOET LIBEROBLAEREY v
ERELSFETHEBRTAIN MY VEBREBEMEL - 72
BE, MOFRETS5 V7 P D LEBMICHEBMTES &
eI,

SRIOFERP S, KREIC LB HEBLOSRIL « 5K
b, FREFRAEL, PRERCEEREY VAT LD
U VEBELA OV EDORE D H VTR O LR B ED
FERO—>TCikvwhrtEZLNS, UL, REER
R EFRILOEST L ROBBEKFICEETNS
HEERY) VOBBESICOWTOMRIITEA EVT
sz, ABAEEFHAEEZAREY VORBEK
FIZENZTEENTOWLONIBESNITE > TWix
VW, RBROBBER TOHY - MERELHE T 5IC
i, EERRER - U VICMZRBRBOAEE) VO
BRASPARIC X 2BBERTORRE D VR
T EEDOWTEHHE, HMICRFTARERD S,

E ] 33

AHROETICHI2 0, Alexandrium catenella DI
s 7O — VB ESHEL R IVE LERTWRFLER
(B BLKRKEIER) FRHE=HESE, FERERE
BEEREMEMAETHFEREICOL VBB L EFEd,
E, ARFEEZTOCHD THE LWL WiEMX
FERFE RNEERLE, SRRkl
FRACREH N LET,

X R
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