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Organic phosphorus utilization and alkaline phosphatase
production of 3 red tide phytoplankton
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LUnited Graduate School of Agricultural Science, Ehime University, Matsuyama, Ehime 790-0905, 2Faculty of
Agriculture, Kochi University, Nankoku, Kochi 783-8502, Japan

In eutrophic coastal environments in Japan, red tides have caused mass mortality of cultured and wild fish. It
is known that the concentration of organic phosphorus is usually higher than that of inorganic phosphofus in such
seawaters, and that many phytoplankton produce alkaline phosphatase (AP). To elucidate the contribution of or-
ganic phosphorus to the growth of red tide phytoplankton, organic phosphorus utilization and AP production of
Karenia mikimotoi, Skeletonema costatum and Heterosigma akashiwo were examined. K. mikimotoi and S. costatum

- used organic phosphorus compounds (phosphomonoesters, ADP, and ATP) as a sole phosphorus source. These
phytoplankton produced AP under orthophosphate concentration of less than 0.2 and 0.25 uM, respectively, and
their AP activities were 115 and 0.273 fmol/cell/min, respectively. It was shown that these phytoplankton have
sufficient potential AP activity necessary for the uptake of phosphorus to maintain saturated growth. On the other
hand, H. akashiwo used ADP and ATP, but not phosphomonoesters, as phosphorus sources; AP production was
not found. It is suggested that organic phosphorus contributes to the outbreaks of red tide in eutrophic coastal sea-
waters.
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Table 1 List of phosphorus compounds used for this test

Symbol Chemical name

GMP  Guanosin—5-monophophate disodium salt
CMP Cytidine-2’ (3")-monophophate
UMP Uridine-5"-monophosphate disodium Salt
AMP Adenosine-5-monophosphate sodium salt « 2H,0
ADP  Adenosine-5'-diphosphate disodium salt
ATP  Adenosine-5'-triphosphate disodium salt » 3H,0
G1P  o~D-Glucose-1-phosphate dipotassium salt « 2H,0
G6P  D-Glucose-6-phosphate disodium salt
F6P  D-Fluctose—6-phosphate disodium salt
NPP  p—Nitrophenylphosphoric acid disodium salt
GYP  p-Glycerophosphoric acid disodium Salt « 5H,0
MP  Sodium metaphosphate
PP Sodium diphosphate « 10H,O
TPP  Sodium tripolyphosphate
PO4 Disodium hydrogenphophate
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TLRHhUT7xR7 757 —vYEEERR RABRTET
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3% & FLEE 0.8 um Nuclepore Filter T JJ{E8 L /-
EEEERIC oW T AP ERZHIE L, EEREROE
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e ) D BIEORIE ABREERRFICRETLY
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Fig. 1 Relative growth (%) of red tide phytoplankton
with various phosphorus compounds. 100% growth
was obtained with orthophosphate. Symbols of phos-
phorus compounds are noted in Table 1. Control
represents no addition of phosphorus compounds in

the medium. Bars show the range of duplicate determi-
nations.
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Fig. 2 Changes of cell density, orthophosphate concen-
tration, and AP activity in the culture of K. mikimotor
growing in orthophosphate (A) and phosphate-free
(B) media. O, Cell density; o, Orthophosphate con-
centration; A, AP activity in whole media ( x 10 nmol/
L/min); A, AP activity in filtrate ( x 10 nmol/L/min);
¢, AP activity in whole media per cell (fmol/cell/
min).
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Fig. 3 Distribution of AP activity of K. mikimotoi grow-
ing in phosphate-free media. % represents no AP ac-
tivity detected.
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Fig. 4 Changes of cell density, orthophosphate concen-
tration, and AP activity in the culture of S. costatum
growing in orthophosphate (A) and phosphate-free
(B) media. O, Cell density; o, Orthophosphate con-
centration; A, AP activity in whole media (nmol/L/
min); A, AP activity in filtrate (nmol/L/min); ¢, AP
activity in whole media per cell (fmol/cell/min).

L, ZO®%ED L7 (Fig. 4B), BEHRAD, E#do
TNV VBRI LA EHEHEIRT (02uM L),
ABOAPEMHIIEEIABICIE LD THRIE S H
(0.043 fmol/cell/min), ZOHMML, &6 HHICE
5 AP &M 0.273 fmol /cell/min i #8hn L, B2
I EROERZ R L 72,

Bk SO ERRHO AP EHICED 5, Mk
Fr &N/t LUMBIAMC 50 o BE S /oG OE]
HiEFig. 5iIimanTwb, AV VEEES B
Tk, £ THEMCSW - BB Sh7ciEETho 6 h
(Fig. 5A), V) U ANEEM T3, MRICHEF I/ AP
EHOEI&E, BESHAXKRE, BEIHORMAIC
A 97.4% 95 11.8% 1ol L /- (Fig. 5B).
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R TP OA IV U VEBEERE L FD L
(Fig. 6A), A MU VERIBIZ IS BB EBE S
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Fig. 5 Distribution of AP activity of S. costatum growing [ TPPIZ L ARANEL ANV F U VIRBIZ LA X h &
in orthophosphate (A) and phosphate-free (B) media. DL DEM-Tz, SHICING 2 TIE, ADP B L
* represents no AP activity detected. OATP % U Vi E L-Bad, AU VBRI L5
N E% L0 - 7o, UV IROREEIC X - TRAHEI
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N PP, MP, ADP 5 X U'ATP %2 U VIR EL 286G, 4
WEFUVBEOZN LD RELS LB EDPHESIh T
5.8 COLDICHEM TSV VB RL BRIV
FEELTWAAIV Y VBEOSBE LD, oy v/bs
MOBEITHRRNESEKRT AEENED LD T
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i/ v b voBick-s THYERD, K
mikimotoi ¥ L. U8 S. costatum 15 VEEE J T AT IVE Y
VIRE L THET 5010 LT, H. akashiwo 3V /Hk
E/IATFNVEFRLRWT E9bhotz, KRB TH
b7z K. mikimotor DAEMERE Y VFIHBEIT Yamaguchi,
Itakura? DFFR L FE—KTHHDOTHY, F7/, H
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Fig. 6 Changes of cell density, orthophosphate concen- etal W Oy y B (GYP) #FIHTEZVWE W

tration, and AP activity in the culture of H. akashiwo SET-HLTWD, UVEBEE /TATF LAY VEE L
growing in orthophosphate (A) and phosphate-free e N . R . .

(B) media. O, Cell density; O, Orthophosphate con- {ﬂ MTEm o }f L “C/C. antiqua 35 & U .C‘ marma

‘centration; A, AP activity in whole media (nmol/L/ WY, INLIEIEKEERTEON/ H akashiwo D5 F

min); A, AP activity in filtrate (nmol/L/min); <, AP LRIKEIC, ADP B LU ATP# YV iE S L CTHET A

activity in whole media per cell (fmol/cell/min).
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VORI VBT T AT IVFIHER RS A LA
T WERBHY, ADP (U VBT X5 V) B8 LUATP
SV VBRI ATIV) OFAREE, K<Wm75v 7 b
VHETAHRENEEZ OGNS, 7k, H akashiwo (K
ABE TR BGYP B LU YT /v —U Uk
(GMP) #FIHT % & O, 20 £/, S costatum (K
AERRE & 3HIRR) ICoWTIR Y VEEE ) T ATV A FIR
LW EDHEB LB, KABREOETELITRL -
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BARPICEENLH/) VBT ATV ELT, UV
T/ T ATNVDED, )V VBV T AT LU v
BRI ATNEENEF NS, WY TS5 7 Fun
bz VRELTRIHT ABEI1ICIE, BxD7 4 A
Ty BRI KOG RL, LAV Y VRS
FHLTWSEE2ZONSG, INHDOY VBT AFILD
DBLEHY VB Y T A5 L&D Bis (p-nitrophenyl)
phosphate {2 >\ Tk, K. mikimotoi, S. costatum 33 L OF
H. akashiwo OF|HEEE 272 VKL (UASEKRFER),
EWED VOGMR BRI LTI+ AT+ VI AT
T —UHBEE T AARESEIREVWEEZOND, ULk
B, TNOHRE TSIV P ORISR VY
IAFIELTDNAZFHTEAEAH Y (LUAGE
#E), ZTOF|HIZ DNase 7z ¥ OFFEBABE 54 A0
WD BH, Lich-T, G, REREKPICR T 5%
REY VIgY T A7V L&Y (DNA, RNA %) O454iic
OWTHRE T AULERH B, RIZ, BEEKFICHAY
HUVEEN YT AFMIZOWTIE, BHTERVED
b, & 180~700 BED & DA A 0.58 ug/L BFE
B s his (RIRBEBK) LOREDD 5,22 Th
HO®WE P LI FEKPIAFEST S VBN TAT IV
i, Z<EEL - 'Cﬁb 0.03uMEETHY, BHES
DVICHOAEEER I DI WEEZ NG, SHIT,
LD EC 7)*&“%/&1@%7 SV N VO VRELT
BEHEABINTWS EOFRILIZA DD - Twizl, L
Mo, BRBETEREA TS 7 P URBEEFIETE
HUVEELT, UVEEN ) I ATFIVAERICH G LT
WATTREME IR TRV EE 2 b b,
ARBOBR TR, VWBE/ T A7 VeFIHT 5
K. mikimotor 35 3 U° S. costatum 7" AP A gE~»H 4 5
DX LT, UV%%/lX%w%ﬂ%LﬁhH
akashiwo 1T AP EEAEBEA B L ItV ChOEBE
&,U/M%/llr”@ﬂm&ifwﬁU71177
X —VEARBICKEL TDHEEZ NS, EEE, AR
E& TRV /2 K. mikimotoi 38 XU S. costatum H3V) B
JIAFINVEFBEL THEML T 5RICIEHEERF» 5
AP EMsHi s Tw% (ILALKRER), /4, &
k7 k510, ARBRCE LN H akashiwo, 756
Uz C. antigua 33 £ O C. marina (1) VEEE /T AT

WEFIA L 7w, ADP (Y VBB A5)L) B LU
ATP (ZU VBT ATIV) #FHT A LHTE S0
L7cHho>T, ThOoOFMREIZ%E N Zh ADPase 5 &
U'ATPase iIC L A5b D L TIN5,

—INS, LK OrDWEY TSV 7 b ER Y
REOE IS VMR EIC AP # AT 5 2 L 0VH D
NTWBH UL anb, TOBRENFRETS5 7
FUOREIZ L > TEDORER LY, ZOBFRENS D
D BT A O H BT LBz LA Y ABN
T\, RHEBRIC K D L, K mikimotoi ¥ S. costatum
W, WA EMFOTIL Y VEBEERE DK TICHE S
TAP#ELAL, ZTORENZNZTH02uM B LU
0.25 uM AN 73 » ZcBRICEE T A 2 b b o 7z, K
B TR O N7z K mikimotoi 35 £ OF S, costatum @ AP
PEEW BRIV Y VEBEEE L, Provocentrum
minimum @ 0.35 uM,®  Alexandrium tamarense 7> 0.43
uM,2" Asterionella glacialis 7> 0.006 mg-P/L (0.2 uM
YD EBEPLETHY, ThHOBITE T
ZTOEEIZ02~04 M EE O WEFEICIG L Tw
HT EHBb otz CEH0.29uM), —75, Gymnodini-
um catenatum O AP FEAE I LEL AL ) VU EREIEE
33.3uM*TH Y, Fik LTS5 7 bSO
EHET L 10 BERES Y, IhbDI b,
7507 O AP BEEICLER A Y VR
@ﬁﬁ@@@uiofﬁ&@,%@ﬁﬁb&%ﬂAM&
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ER2DICHITENE T EDD o T,
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U VEBERE Y, BARDBERICEST 540 U VEEE
L TaD L, ﬁ%ﬁﬁ#%%‘ébfk\émﬁfﬂmﬁ/l"]
Bl s2z0RER, FHxEL Tiab & 014~
1.17 uM, 28 35 5\ ik 0.00~1.48 UM OEIFH T H 0,
BEEPOREORBMIICEBIT A4V U VERERE T
0.2~0.4uM OHEH, HHVIEZTNUTFTHRL TV 5
CERB, Fio, BEBICEVWTY, BKRMOXE
FHETRIZEAE O2UM UTICHR S 2 EARESINT

W50 L7cdio T, REOBBEBEIC W ChanR L
t2§¥0)5‘f@]77/ Vs AP AL TS A BEM:
EE,

ARERTHE SN - K. mikimotoi » S. costatum DIk
O AP &, b bIBIEKTIC AP OB 517
£ 5B 8O, hEh 115 15 LU 0.273 fmol/
cell/min TH VY, MEWCA00FELL LOENRED BN
72o L2L, Chb 230K E 2, S/ Mk
NI VEBPERLYDZ Epn, AP G =MLY/
DOMETRHES 5 C L@ Tk eELOLNS, L
2, ABETHOL M3k D1, K mikimotoi O
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Table 2 The potential alkaline phosphatase (AP) activity of red tide phytoplankton

Minimum cell quota  Phosphorus uptake rate  Potential cellular AP

Phytoplankton Maximum dgr O)Wth rate for phosphorus for saturated growth rate activity (B). B/A
Species (/day (fmol/cell) (A) (fmol/cell/min) (fmol/cell/min)

K. mikimotoi 0.672 250 2.21 115 52.0

S. costatum 0.71> 2.5b 0.023 0.273 11.7

a;'By-Yamaguchi, Itakura® b: By Nishijima, Fukami3!

AP FICHMIIICHEEF I NS DI L, S. costatum O
AP (THfaN A~ s BERSh AT &b, KET5 v
7R VOAPE, BPUCEZLNTVAIDICLTL
YR O ADARL TWAB DT, BICK
> CAP EAMKITHLELRS &#éﬂhgo%ﬁ®ﬁ
BeRE Y VAR FUERIC K L TEES S+ 5013, Ml
FUARFESND AP THhH D B2 LN AT, ﬁ%ﬁu
VDS EE LUBBUCK T 5 AP [ElO% 5 & HIEICFF
5 51, MCEFSND AP 2 &iC, HHICLE
) VERERTALELRD B,

me”wi m%7377%/mﬁﬁﬁﬁim 3
@%@%ﬁf IR L, TOBEPEFRETHS

ﬁ%@%’é% IRRTET LN TELTLEEFHD

ﬁ‘&: L/f&.o

U= Himax (1= Qo/ Q)
COT, uldEEEE, QUIBIREEEREOMBNEE,
Qo 3T PIHIIR SRB I BB, Mmax (ST A SE TR S
%ﬁf %@75v7ryﬁ%@%ﬁﬁ~owfﬁﬁﬁ
BICH D (QOBHRELR V) BEKE, vk @
@ﬁi%@%hﬁﬁ%ﬁ%ﬁ%@ BT SRR
BOEE & 2729 LB TE S, %L.,;®ﬁ%ﬁﬁﬁ
BICES 5 ) VEBRGEE R IC, RBLETIV 7 Ry
O AP 15 i L 72,

=4 K. mikimotoi ¥ S. costatum 731) >/ CHIR X N7z
ﬁﬁ%%f,#OEﬁ%%ﬁﬁw%%mmﬁﬁéﬁﬁ
THREE I TIERR L T 5 R LSS, ZOH
ﬁ[ﬁa@if‘?%ﬂf%ﬁ HOWCETHY VEIEER, Thrth
2.21 %5 X 17 0.023 fmol /cell /min Ol & B S h 5
(Table 2), ThHDY VERGEREAHEOR TV %
VAP &, ThabbMBOMBICRESINSERD
AP fEMT, »oBERFOLE CTHIERED Vi S E -
B 2BEOMEE & T 5 &, RIS R % fEer
THDICETHY VEIGEEICENT, Ryvy b
AP &M, K. mikimotor TiL 52.0 %, S. costatum T
F1L7 W2 Ehbhr o/ (Table 2), bbb,
HMEOEEICHIZRBEOERDD, WTFhdRF v
V) E LTO AP ERITROTE YV, 2O LT, #
KepiZ AP OFE L 7e 5EHERED VsEETHIE, Th
OB T 77 b IERRERY VRZEICAEREY v
EFAL THOICBEaRECTH 0, AP AL AL T

WA LB LB A T, M TERLICR DG

LaEREL TV A,

UEDZ s, HBIT5 7 b/ ORICIIEREY
VHEBBICFIFTE 5B, ZOFMAEOERT
AP BEARRICIKEL TWA T &, 3B, HR@T5 7
Py AP AR AL b VRIS AME T L BT
BXN, FOBEEBEICE > TERPBHLLDOD, K7
VR VERIIBRO TE W EAHLMAIC -7, L
o T, B VERET S 7 P OBBICR L T
AELHET BT TR, fﬁ:ﬁ'@@gm-@ﬁ
EEIC AL T AR SRS I NS,

S, FEORECHT HERED V OF T OFME
Bl 503 AICiE, EEEOBIBEHEIC S AR 75
v APIERE & I AP OFEB X s VB S ERRE
UV O« HREZHLNCT ALELD 5,
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