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Effects of Phosphate, Calcium and B-group Vitamins on the Growth
of Peridinium bipes f. occultatum (LINDEM.) LEF.

Naoyoshi Nishibori,*! Toshitaka Nishijima,*? and Yoshihiko Hata*3

Peridinium bipes f. occultatum was able to use both orthophosphate and g-glycerophosphate as a
sole source of phosphate. The maximum cell yield and the specific growth rate were saturated at 1
mgP/! in both phosphorus sources. The maximum growth rate under P-saturated condition was
0.16 d-1. The half saturation constant for the growth and the minimum cell quota were calculated to
be 126 mgP/l, 50.9pgP/cell for orthophosphate and 46 mgP/l, 28.5pgP/cell for g-
glycerophosphate, respectively. Among fresh water phytoplanktons, P. bipes f. occultatum showed a
higher Ks value of phosphate for growth and lower growth rate. The optimum N:P ratio of the alga
calculated from minimum cell quota was relatively low. The alga did not require B-group vitamins
for the growth and the growth yield was saturated at 2.0 mgCa/!.

From these characteristics, it is difficult to explain the excessive growth of this alga and the
resultant red tide.
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MPEEI L ILEET, RPIIX LAB» OHHREL P,
bipes f. occultatum DR, 7 O— B RBICHE =,
RIFI LU RERICITEBEL . LT W-1 1m0 %
Ao, BERIIAE 18 mm ORBREIC 10 ml OEEHK
TWwh, BE 10,0001x, K& 20°C ¥ & 14 BER8H-
10 RFRIBE D4 THER L, B HIICIE U CRHIR S
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DR (cells/ml), u (I HIHMEE (A1) wEbT,
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= > (2)
A= Himax K,+S
S 1 K,
—=—25+ (3)

U Mmax  Hmax
CCT, SBRYVERBE (mgP/D), tny (TR A M
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Table 1. Maximum cell yield of Peridinium bipes
f. occultatum for different phosphorus sources

Cell density (cells/m!)

Concentration
(mg P/1) PO, Glycerophosphate
0 —* —*
0.05 1,600 1,711
0.5 10,520 14,698
* No growth
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log (Y,,—1I)=log S—log Q,,
CITQ, 3RAMBEAY VHDLS (mgP/cell), Y, %
AR (cells/ml), TiZ ¥ HIMIAERE (cells/ml),
S ViRE (mgP/ml) %R+,
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VEE LTHALLES, WIhOBEa S 0.05mgP/l o
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U ADORE 0~10 mgP/l OB CAFELEER L, 8
LAY Fig. 1IR+, BAMERIE, vy
B U AORERHE0.01~1 mgP/! CREICIKE
LTHEXAL, 5~10mgP/l cidmglahiz, O ¥
PORKEEBELEEY LTV Y VEREIR, 1
mgP/IBELTFHIh S, £/, HLHEMEHEEIZOS
mgP/l ¥ CREICKE L THA L, 5mgP/I Ll Ci
flahiz, Fig. 1 OBMMMBO > S, HMMEEE OIS
DRONZD - - REBATHONATHAIL MY Vil
B LHHMEEREOBGRE Fig. 2177, QRICLHE
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Fig. 1. Growth of Peridinium bipes f. occultatum
under different PO,~P concentrations.
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Fig. 2. Specific growth rate (u) of Peridinium
bipes f. occultatum versus initial concentration
of PO,~P (S) in the medium (solid circles) and
a linear transformation (open circles).

The symbols are the mean value of the tripli-
cate.

WL Y VB AR MMER (K) 11126.6
ugP/I¢Hn, TV P VIKEBEROLEWEEOR
KIHREEREL 0.16d7 L EEI N, FRAMERD
10 f2OBREHSEREED 0% ¥ 525 LEEINSD
T, BLF1.2mgP/l CTHMEMEEEMZTITM/MNTS &
EZz2bhiz,

U VBREE L ER I E CICHEE L/cMila & OBtk E T
HE 757 /By P LEZLOBEREHEELL
(Fig. 3), FOREVY VEE L THAVWARA IV MY VRE
1mgP/ITORECHEZ 1OERTEYN S, &
hoODEEEMND P bies f. occultatum OB HIRARY v
¥bHait, 50.9pgP/cell #EEHE Ih/A, XEOHER%
FREZSLICLT, FHEEHMum ORETH L,
MR D HREIT 44,600 um3 TH Y, BEAIHHEMY O

Concentration (mg P/I)

Fig. 3. Growth yields of Peridinium bipes £. occul-
tatum grown in the different PO,~P concentra-
tions.

The symbols are the mean value of the tripli-
cate.
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Fig. 4. Growth of Peridinium bipes f. occultatum
under different glycerophosphate-P concentra-
tions.
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BAHEREY L-U VERER, VMY VEERRWE
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Fig. 5. Specific growth rate (u) of Peridinium
bipes f. occultatum versus initial concentration 10’ ‘ . .
of - glycerophosphate-P (S) in the medium 0.001 0.01 0.1 1 10
(solid circles) and a linear transformation Concentration (mg P/I)

(open circles).
The symbols are the mean value of the tripli-
cate.

D, 10mgP/lOREDATHMH SN, MW7) Lo
U VIREE & T E OBAR & L OBE & R T4
&, ¥RMEHB L BEAHMEERE IR T Z N 46.0
ugP/l X Tr0.16d- L EE I h, HMRERE» X%
L7V nY VEBOBERRIT 05 mgP/IBE LE
Eahic (Fig.5), 3B, YVRELEERZT CIKC
R L 7-HEBEE & DBAR DI RIRI U VL i,
28.5pgP/cell, B EBU YOI NI VORIEDL
1%, 0.64x1073 pgP/um? X BE X h/- (Fig. 6),

AL LERR 0~50 mgCa/l DR Ttk L7
B, BohR MR 2mgCa/l ¥ TIHITREIC
RELTHWMAL 50 mgCa/l ¥ CIHIT—FOME L r - 1
(Table2), T thb, BRAMEBLEREL LA
CaBEREII2mgCa/I BETH S LYW ni, T,
HHEMEEL 0.5 mgCa/l T4 CIZBMLTWA I &M
B & -7,

EYIHOBER LI VERERROKEY
Table 3ITR T, U I VEOEAROE N L A
BOERILAERONY, FBIBHLZIVED
BERED LN LB LNICE 57,

* =®

P. bipes f. occultatum (3 U VERICINZ 7)o
UVEBEBR—OU VL LTHHATESZ LBHELMC
Zolte THIIEMBKEY ABICRE T AREORER
18 Peridinium cunningtonii %2 P. penardii'? - G4 TH
5. FEOBEAHMEEE S JURAHERY 52 58
RERIWY VETEPEL0.16d XU 1 mgP/I T

Fig. 6. Growth yields of Peridinium bipes f. occul-
tatum grown in the different
glycerophosphate-P concentrations.

The symbols are the mean value of the tripli-
cate.

Table 2. Specific growth rates and maximum cell
vields of Peridinium bipes f. occultatum for
different Ca concentrations

. Specific Maximum
COI(lglegmé:i):lOﬂ gro?&tlll )rate ?ceeltlnyx;ll%

0 0.08+0.01 2,346

0.5 0.13+0.02 8,933

1.0 0.12+0.02 10,031

2.0 0.13+0.10 12,498

5.0 0.16+0.02 14,831

10 0.14+0.01 13,392

20 0.13£0.01 13,845

50 0.16£0.03 13,457

Ho o, EMAERS IURSHERAEL SV
U VB R BW-E4E (126 ugP/1, 50.9 pgP/cell) kb
LU oyvEBERAWSEE (46 ugP/l, 28.5 pgP/
cell) i/hX <77, Berman 683 4 EOREEY
AOWTHEBRRY VB I USEROFIAEIEICL YRS
CEERL, O ENRBPKFOBERETRET S
BRO—DOTCHHLETRBLTWS, RAIIZLABT
REBRY VEERRY VARSORE THRET AL
BB BT L6, *2 P, bipes f. occultatum HK OB
RBYU VEBRICFIAE L CHEMT 5 REN SRR I s,

7x35, P. bipes f. occultatum OWHERERED Y ™7 A
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Table 3. Yields of Peridinium bipes f. occultatum
on various vitamin-containing media with serial

transfers*
Cell density (cells/ml)
Additions*?
1st. 2nd. 3rd.

None 8,951 5,671 10,827
Vitamin B;, 7,724 5,947 10,547
Biotin 9,017 5,213 8,813
Thiamine 9,947 5,640 11,893
Vitamin B,,, Biotin 8,164 6,173 13,009
Vitamin B;;, Thiamine 10,997 6,147 9,904
Biotin, Thiamine 7,191 6,747 9,280
Vitamin By, Biotin, Thiamine 9,716 7,269 8,942
Vitamin mix S3, Vitamin B;, 8,933 10,089 9,907

*1 CuCultured for 40-60 days.

*2 Vitamins were added to the vitamin-omitted w—1 medi-
um: vitamin By, 0.2 ug/!; Thamine-HCl, 20 ug/!; Bio-
tin, 0.2 ug/1; vitamin mix S3, 10 m//I. One m/ of vitamin
mix S3 contained: thamine-HCI 0.05 mg; nicotinic acid,
0.01 mg; Ca pantothenate, 0.01 mg; p-aminobenzoic
acid, 0.01 mg; biotin, 0.1 ug; in 5 mg; folic acid, 0.2 ug;
thymine, 0.3 mg.

THH Eh 5 L, P cunninglonii % P. penardii O
WHEAY VBT ADB L%Z 1 mgP/l ORETHI
HEINBILOPHEINTEY, KEBRT5mgP/!
LLEDZ IV P VBRE RV BE OEEAF S Thoo
BRIARICHUTACLAEELBbNS,

HFELWR UL Y VBERWCHBEOFEDOE
HY VERE, RXILBEEEE S X UFAaMER% 0.1
mgP/1,0.12d 1 B XU SugP/l L BE LTS, KE
BRCHONARKIHEERE IIHS O OM L IZIZFERT
BHo oM, WEEIENT S U VRE L LUEEMNER
310 EREKXRE L, XERTHE LN/ HEEORN S
Y VEE (1mgP/l) i P cunninglonii 35 X U°P.
penardii Dff (0.5~2.0 mgP/D2 L FIFE L > 7
& 7=, Chu Dk 7: Asterionella gracillima % 7O,
KEEEOEH) VEREIZ 0.1~02mgP/IWTH D,
FEOZOREIIChOLOBBICHNR W L8H» L
7x - /2o Anabaena flos-aquae, Asterionella formosa % 7
MOWKEHRORKHIBHEERE L FMER It ETh
0.54~1.35d"1 B LU 0.3~1.5 ugP/IB®CHH, Th
D OFEEITHARAEO R IHE S, FEMERD
BV EBHOMTE - T,

AEOY VICET AR MRASRIT, MY VRT
29~51pgP/cell L HESIN/H, Thidt P cunning

tonii @ 15.7 pgP/cell,'® P. penardii ¢ 15.5~31.0 pgP/
cellDZ R 1~3 fF K & i > /o, A flos-aquae 315 L U
A. formosa S TEOBRKEE DV VICH T R4 M
PEH 5 D% < 13 0.05~0.14 pgP/cell’51® OFE I B
D, AEDOZOEIFIhOICHNTERLEREY, L2L
HEBRG, ThHTHEOEYMRGBEL Y ORI SEIC
WBET LY, 0.22~6.28x1073pg/um3 TH Y, KED
Z DfH 0.64~1.1x 1073 pgP/um3 {3 C OFHEANIZH 5,
ERAEOMRY ) ORAVMRAFLFEINEDT S
V7 FVIRHERKEVDI, FEOMBRGREAH B
EWCkIZkBLEZLNS,

AEI< TRV A EREBRED WIVY T AR
WWERTAHIEBHREINTNE2 ZERTRD/IH
FERPHEL LAV VY LAERE CmgCa/l) kP
cunningtonii 35 X U P. penardii® OB HAE L L/
ERE (5mgCa/l) KNP EL, Chu HBRadDAEK
BEOIV Y AERE (0.02~1 mgCa/DHWITEWC
EBEAMITIE 5 T2,

B#UE Y IVHAIC L AFREOBENDOEFEIRONT,
P. cunningtonii, P. penardii'® 35 & UBgEEYE Peridinium
BOXBHHNER I By #BERTHI LD L RD,
Peridinium inconspicuum 35 & U P. willeil® » F# I B
BUAIVEPERLLTVWI EPHELMICE -1,

D EIBONINS A -2 6BBIC 1T 2REDH
FERT VY 2 VEHE Lic, $7abb, KREREBRSBIC
B LEFERANVY T ABEL 8.4~17.7mgCa/l, F
¥11.0mgCa/l (REXRT—¥) THH, FKEORKAY
FEE I LU EE OMERE (2mg/l 5XU<05
mgCa/l) 76, FEOMIIBEBFKPTHILY Y A
XoTHRSh TWirWwWEBbhs, —F, BEERY
VIREL 6~23 ugP/l (¥ 15 ugP/l) THH, ¥ K
PRINY VIRE L COTFHBREH, S, BBICBITSE
MMM B33 X % 300~500 cells/m! X HESH
%o COMAEIT, AR TRD/CERICE T HIMFBE
£ (250 cells/m)V L RIBETH Y ABOBEERER
EERZ LCRBOERE LU VOTRRIZITITRARE
T, AEOWBERIERLS LY VLKV RIBEICHIR X
NTWsEBbh3, 6K, CORERELY VREL
AERTRDING A—2p LERBOBEBIC o1 5 Hig
FEEE 1L 0.02~0.04 d 1 T, HRAHBAEEE O 13~
25% LEEIh, COEREBERRBBOERREM»OHE
SE LI HEAERE (0.1~0.13dY) ICHNEBL, &%
LBITO P. bipes f. occultatum ORFEEED Y VIC LD
FHRENTHBAREREZR LT 5,

R#EN:PHISNMEARECOHLEZONLD

M FE A ORKREREREICE T SR, PEBKIVYILE v HRER, p. 8 (1978).
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BE»SHRDIN: P H 13.5~42.5520 0 > + R
EVMETH D, FEOHHEMBY VICL VARSI TN
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CHERE L, FEOMBELLTVRETHSLOICR
25s LHLAEBS, AMOMMEEESEBO TENC L
Bo75V7 F/HEOREN: PHROEN CEABONRK
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Bis bONRGA—2— OREIBERBERET L &
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DAL EHEEOBIEMBT B Tix D &3k, K]
BEROBMIBPLE X Bbh s,
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