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Growth characteristics of the toxic dinoflagellate, Alexandrium

An axenic clone of the toxic dinoflagellate Alexandrium tamarense (= Protogonyaulax tamarensis) was obtain-
ed from a seawater sample collected from Ofunato Bay, Iwate Prefecture, northern coast of Japan. The lag
phase in fresh medium was shortened by increasing inoculum size and presence of bacteria. The growth
was markedly promoted by addition of the filtrate from lag phase culture. Optimal temperature for growth
was 10-18°C. The organism preferred higher salinity compared with other neritic red tide flagellates.
The optimal salinity was 32%; S. A. tamarense grew moderately well at pH 8.1-8.3. Nitrate, ammonium
salt, urea and glycine were utilized as N sources and both inorganic and organic phosphates were utilized as
P sources. The highest growth was obtained at high concentrations (> 10 mg/!{) of Na,-glycerophosphate.
The growth was stimulated with organic substances such as uracil, guanine and hypoxanthine. Chelated
iron, manganese and NTA promoted the growth. A. tamarense needed only vitamin B, for growth. The
critical concentration was about 6 ng//. Enrichment of the seawater (Ise Bay) with nitrate and phosphate
enhanced the growth. Moreover, the addition of amino-acids or NTA or trace metal mixture to the enrich-

ed seawater greatly increased the growth.

It is probable, therefore, chelate substances and trace metals

play a significant role in blooming of the organism in Ise Bay.

Key Index Words:  Alexandrium—bioassay—growth physiology—toxic dinoflagellate.
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Table 1. Composition (w/v) of culture media.
SWII ASP,NM
(modified)  (modified)
Filtered seawater 1,000 m/
Distilled water 1,000 m!
NaCl 25 g
MgSO,-7H,O 5 g
Kl 600 mg
Ca (as CI7) 100 mg
NaNO;, 50 mg
KNO, 72.2 mg
KH,PO, 4.5mg
K,HPO, 5 mg
Nayglycerophosphate 10.5 mg
Na,SiO;3-9H,0 150 mg
Na,CO;4 30 mg
Fe (as Fe-EDTA) 0.5mg 0.3 mg
PII metals* 10 ml
S2 metals** 10 ml
Vitamin mixture [*** 10 ml 10 m!
NTA 100 mg
TRIS 1 g 1 g
pH : 7.9 8.1

* One m! of PII metals contains; Na,-EDTA 1 mg, B
(as H3BOs) 0.2 mg, Fe (as C17) 10 g, Mn (as C17)
40 pg, Zn (as C17) 5 pug, Co (as Cl7) 1 pg.
** One m! of S2 metals contains; Mo (as Na*) 50 ug,
Br (as K*) 1 mg, Sr (as Cl7) 200 pg, Rb (as CI7)
20 pg, Li (as C17) 20 pg, I (as K¥) 1 pg.
*** One m! of Vitamin mixture I contains; Vitamin B,,
0.02 pg, biotin 0.1 gg, thiamine HCI 10 pg.

ETRAELTHEDENE L,

pH REBTIt, Y0 HIT L > T pH EHT5
2, BB/ osd, & 2 TS pH BBk
ZREETIT, BEREEKD pH TRR LI,

EEERRBIL, WBEES Y VA, EETvE=
v, RE, 7Vvv, FARIVBEBIVTAAT
¥ VER AL, 1 pg~500 mg N/l DEECTOERH R
E L,

Y VERREBICIL, Y el VEEFFY YA, Y
VB2 AV Y A, TTF=—LBE, 7T =AEEA,
10 pg~30 mg P/l DEE TITle 1,

Ex I VEREZOWTL, E£ IV By, EAFv,
F7 1 vOSEECOVWTRE L, EHRZOHE
A>T HRARBR LI,

WESBICETAIERTIE, FL— tERIUF
Vb= vFvEERLKL, 22T, T7r VEO
E—Hh—RRAR—F e AT, BELBHERY
BINRIZE EDdB L5 L,

B OB R T A EERRT, 7Y vEEL
TCT7F=v, 7=V, FH¥vFv, RFHVFv,

E
&
w
5
8
@
>
2 "
x =
5
5 ]
3
H 100 E
£ 4
“n =
] 2
- 50
g s
8 5
@ E
2
0
E
£
%
3
3
o
2 8.4
=
8.2 3
&
% i
§ 8.
5 0
"
3
3
£
H
4
&

Days

Fig. 1. Growth curves of Alexandrium tamarense
with different size of inoculum. A: 125cells in-
oculated into 10 m/ of the medium (®); 990 cells in-
oculated into 10 m/ (O) in unialgal culture. B:
420 cells inoculated into 10 m/ in axenic culture.
Circles and broken lines show the cell number of
chain-form.
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Fig. 2. Growth of A. tamarense with addition
of filtrates from different growth phase. X, control;
@, lag phase (after 8 days from inoculation); O, ex-
ponential growth phase (after 22 days); A, death
phase (after 37 days).
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Fig. 3. Growth of A. tamarense at different
temperatures (after 21 days).



54 AcHIHA, H. and Iwasaki, H.

25°C TIL ¥ » 7o A L7eds » 7,

—ic, BEGEMHOEBCKELREALRIILT
Wb, AEOHEDL, KBEIEEOEELERE VD
. (NeepLER 1949, PrakasH 1967, YENTSCH ef al. 1975),
¥h, YAPOEFIKBLKRESERAIhDEVD
% (AnpERsoN and MoREL 1979, ANDERsON 1980), &
EORRDOER, AbROMMCRELKED 10~18
°C Thh, NEEDOEE (Iwasakr 1979) & b i3iFsk
BLTWB, Lrl, RRTRIAMIEL 7~17°C ©
Bies {BEIh Tk, 15°C UTOEXRRETO
K, KBUAOBERNBEE LTV LniEx
bhb,

3. &4 L R

FERRERY Fig. 4 T, AER, ED20GMET
bokbISHAEL, 10%ATCis LEHILITEA
Eabhilsl e,

AEIRAYEIR TL2IE527.0~34.8% OHFE CHE
LT\ %, ZOfHEi%, YentscH e al. (1975), PrakasH
(1967) DEBRBERIC X BIFEEN L 3LT L —KL
VA, SEIOERER S L O Waite (1978) DRER
LRI —HKLTWD, ThbREESOEVTRT
LrELELZLRD,

4. pH k14FE

FHERTI\ T, AEIR pHHETHD, pHS.3
ETL ST B 2 Edibdio DT, ZORED
pH i ER % T -1, #ERIL Fig. 5 KR LA
X 51z pH 8.2~8.5 THFEN L » & $ L <, pH7.9T
REMEED/2LAT, ¥/, pH8.9 TR
V10LAF &7 b, pH6.9 THBLE -7 Abh

-

Growth, cells number (x103 cells/ml)
>
of chain-form cells

2 -7 om0 200
T
- 100 §
Jpes E
0 --"’ou 1 1 s 1 0 2
10 15 20 25 30 35
Salinity %

Fig. 4. Growth of A. tamarense at various
salinities in unialgal culture (after 20 days).
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Fig. 5. Effect of pH on the growth of 4.
tamarense in unialgal culture (after 18 days).
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Table 2. Growth of A. tamarense with different nitrogen sources and concentrations (after 22 days).
Growth, number of cells/m/
Weight/!
NH,CI NaNO, Urea Glycine  Gultamic acid  L-Asparagine
None added 380 380 380 380 380 380
1pg 400 390 450 — - —
10 pg 520 710 350 660 260 410
100 pg 840 1080 640 530 570 340
1 mg 590 970 1010 680 410 430
3mg — — 590 — — —_
10 mg 0 960 430 810 490 480
30 mg — — 0 - — -
100 mg — 1050 — — - —
500 mg — 1120 — — — —
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Table 3. Growth of A. tamarense with different
phosphorus sources and concentrations (after
22 days).

Growth, number of cells/m!/
M catpo, Nardycero Adenylc G
None added 0 0 0 0
10 pg - 290 - —
30 pg — — 110 1,500
100 pg 2,710 530 — —
300 pg — 500 580 1,050
1mg 4,500 2,100 — 1,520
3mg —_ 2,370 2,920 —
10 mg 6,010 13,140 - 2,460
30 mg 3,400 13,700 850 —

BERET 7 e vEIBEAVTW S, RE, BES
BILEDLLOMBLEBHERIET Ohigh - cb 0
EBbh5,

Grover (1978) (X, 41 YIREIZR L TAEDIEE
Lgkeh OZIBE L ORI\ B Zb Rz &
H|ELTVBN, AEROERLELIFALTVS,

8. FEMHOEE

7Y v, €Y i VvEORINC X B A tamarense D
HEFE B Table 5 I7R$, Table 5 CABR B LS,
AL, /7=v (1.0mgl), eFE*x¥+vFv (0.1
mg/l), ¥ 7 ¥ (1.0mg/l) 75 £ & » THEFEHRE S
., 18AREICERMD DI~ 3 ~ 4 EROHHEY
RLTS
ThiEstLT, 7V v, €Y 1o vEUSAOEED
(Table 6) Tit, TOHMC & » CEFOHHEEDHE
A S hich, BEHERMEEARGT, &I

Table 4. Effect of iron and manganese on the
growth of A. tamarense in ASP,NM (after 22 days).

Growth, number of cells/m/

Weight/!
Fe-EDTA Mn-EDTA

None added 3,680 4,700
1pg 3,600 8,830
5pg — 5,640

10 pg 8,870 -
100 pg 7,940 9,070

500 pg 6,240 —
1 mg - 6,100
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Table 5. Growth response of A. tamarense to
purines and pyrimidines (after 18 days).
Substances Concentrations Growth,

mg/! number of cells/m/

None added 1,060
Adenine 0.1 1,300
1.0 1,790
Guanine 0.1 1,720
1.0 3,200
Xanthine 0.1 1,150
1.0 1.480
Hypoxanthine 0.1 2,970
1.0 2,490
Cytosine 0.1 1,100
1.0 1,580
Thymine 1.0 1,210
Uracil 0.1 1,840
1.0 4,050
Methylcytosine 0.1 1,740
1.0 1,220
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Table 6. Growth response of A. tamarense to
organic substances (after 15 days).

Substances Concentrations nu mbGeI;O(:;tcl::’lls /mi
None added 5,800
Hy-case 10 mg/l 6,410

50 mg/! 5,700

DNA 0.1 mg/l 6,740
1.0 mg/l 6,550

10 mg/! 5,150

Sucrose 0.1 mg/l 6,840
1.0 mg/l 5,450

C-source mix. IT* 0.1 mi/l 6,840
1.0mi/l 6,820

10 mi/!l 6,170

Soil extract (land) 1.0 mi/l 6,240
10 mi/l 8,200

* One m/ contains: glycine 1 mg, Dl-alanine 1 mg, L-
asparagine 1 mg, Na-acetate 2 mg, glucose 2 mg, L-
glutamic acid 2 mg.
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Fig. 6. Effect of NTA and EDTA on the

growth of A. tamarense. Basal medium contains
TRIS 1 mg//, and the growth was 1,600 cells/m!.
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Table 7. Growth response of A. tamarense to
vitamin B,,, biotin and thiamine (after 20 days).
Growth,
number of cells/m/

None added 3,700
Vitamin B,, (10 ng/{) 13,130
Biotin (1 pg/l) 0
Thiamine (100 pg/!) 3,740

Vitamin By, (10 ng/l)+ Thiamine (100 pg/l) 6,110
Biotin (1 pg/l)+ Thiamine (100 pg/l) 2,380
Vitamin B,+ Biotin + Thiamine 6,720
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ER
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Zbhish »1eh, B, &OHEER CIHIEMAERC

Table 8.
(after 22 days).
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Fig. 7. Growth response of A. tamarense to
vitamin B,, (after 22 days).
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Growth of A. tamarense in Ise Bay seawater enriched with various nutrients

Growth,
number of cells/m/

Filtered seawater

+NaNO, (50 mg/!)

+ Na, glycerophosphate (50 mg//)
+PII metals (10 m//l)

+S2 metals (10 mi/l)

+NTA (100 mg/{)

+ Vitamin mix. I (10 m/)

+C-source mix. II (1 m//l)

+ Hy-case (50 mg//)

+ Filtrate of culture medium™* (50 mi//)

+NaNO; (50 mg//)+ Na, glycerophosphate (50 mg//)

+N+P+Vit. mix. I (10 m//l)
+N+P+C-source mix. II (1 ml/l)
+ N+ P+ Hy-case (50 mg//)

iltrate of culture medium m
+N+P+Fil f cul dium* (50 m#/.

+N+P+NTA (100 mg/l)

+ N+P+PII metals (10 m//)
+N+P+S2 metals (10 m/l)
+N+P+NTA+PII metals
+N+P+NTA+S2 metals

810
770
2,200
890
840
850
1,170
1,060
3,710
2,170
3,310
3,790
7,230
3,360
3,440
7,120
10,410
3,930
7,790
3,870

* The filtrate of medium in which the organism grew axenically.
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