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Nutrition of Glenodinium sp. Isolated 
from Nagasaki Har born 

Takuji UCHIDA2) 

The Institute of Algological Research, Hokkaido University, Muroran 

Abstract 

A chemically defined medium was developed for Glenodinium sp. As phosphorus sources 
both glycerophosphate and K2HPO, could be used to support good growth. Nitrate wa~ the 
best nitrogen source. Among various organic nitrogen compounds, urea, arginine and histidine 
could be utilized. B12 (cyanocobalamine) and thiamine were required for optimal growth. In 
addition, hypoxanthine was found to be effective. Among trace elements a boron requirement 
was detected. 

Introduction 

Marine dinoflagellates are one of the largest groups of marine phytoplankton, however, 

they have been subjected to few investigations other than morphological or taxonomical 

studies. Such neglect seems to come from difficulties in obtaining actively growing laboratory 

cultures. In the present study the nutrient requirements of Glenodinium sp. were investigated 

in order to obtain cultures with a high cell density. 

Fig. 1. Glenodinium sp. A, motile form, B, thin wall, C, dividing cell. 

Material and Methods 

The strain used in the present study was isolated from a Nagasaki harbor water sample 

collected in July, 1972. A morphological study was made of cultured materials of this alga 

by Dr. HADA. According to HADA (personal communication) this alga may be a new species 

or at least a species found for the first time in Japan. Further study is needed to decide 

the taxonomic status of this alga (Figure 1). 
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Axenic cultures were obtained by repeated wa'shings with sterilized sea water. Stock 

-cultures were maintained in medium ASW 3 m at 20± 1°C and transferred every two weeks 

(Table 1). Growth experiments were conducted in lOOml Erlenmeyer flasks at 26±1°C and 

the cultures were exposed to continuous illumination by cool white fluorescent lamps with a 

light intensity of 2,000-3,000 lux. In earlier experiments ASW 3 m was used as the basal 

medium and later it was replaced with medium BSW 3 A (Table 1). The inoculum was 

routinely 0.2 ml of a 3-6 X 104 cells/ml culture. Growth was measured turbidimetrically at 

..560 nm in a Hitachi 124 spectrophotometer using a 1 cm cell. 

TABLE 1. CULTURE MEDIA FOR Glenodinium SP. 

ASW 3m 
(Amount/liter) 

NaCl 
KCl 
MgSQ4 7H20 
MgClz 6H20 
Ca Ch 
NaHCOa 
Sea water 1l 
KNOa 0.2g 
K2HP04 20mg 
Mn Ch 0.4mg 
FeCla 0.1 mg 
Metal mix P2m 1> 
Metal mix s22> 
Vitamin mix 8A3> 1 ml 
Glycine 0.5g 
Na-L-glutamate 0.5g 
Soil extract 40ml 
Liver extract lOmg 
Tris lg 
pH 7.8-8.0 

1> 1 ml of P2m metals contains; 
Fe (as EDT A 1: 1 mol chelation) 0. 0035 mg, B (as HaBOa) 
0. 2 mg, Mn (as EDT A 1: 1 mol chelation) 0. 04 mg, Zn (as CI) 
0. 005 mg, Co (as Cl) 0. 001 mg. 

2>• 3> PROVASOLI et al., 1957. 

Results 

BSW 3A. 

27 g 
0. 7 g 

6.9g 
4.8g 
0.4g 
30mg 

0.2g 
20mg 

10 ml 
lOml 
1 ml 

lg 
7.8-8.0 

A defined basal medium The sea water in ASW 3 m could easily replaced by a synthetic 

medium having a similar salinity to sea water. Glycine, Na-L-glutamate, soil extract and 

1iver extract proved inessential. MnCl2 and FeCla were replaced with P2m and S2 metals. 

Thus, BSW 3A was developed as a basal medium for the following studies. 

Salinity Concentrated basal medium without nutrients was diluted with distilled water 

to various salinity levels from 10 to 45 ~ and it was enriched in the same way as BSW 3A. 
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The optimal salinity was 28-37 ~. Below 20 ~ no growth was obtained .. · 

Initial pH Tris-HCl was used as a buffer. Optimal growth was obtained ·between 

1-3 g/l. Up to 60 % of this growth was measured in cultures without tris-HCl. Accordingly, 

1 g/l of tris was routinely added to basal medium. The optimal pH was 7.8-9'.0, and the 

growth decreased in proportion· to the lowering of pH (Figure 2). 
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. ;Fig. 2. Effect of initial pH on the growth of Glenodinium sp, 
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Fig. 3. Effect of K2HP04 on the growth of 
Glenodinium sp. (Growth after 10 days). 
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Fig. 4. Effect of glycerophosphate on the growth 
of Glenodinium sp. (Growth after 10 days). 

Phosphorus sources Na2-glycerophosphate and K2HP04 were tested as phosphorus sources. 

They supported good growth. The optimal concentration was 10-lOOmg/l for the former

and 2-40 mg/l for the latter (Figures 3 and 4) . 

. Nitrogen sources Nitrogen sources examined in this experiment are listed in Table 2: 

together with the results obtained on the optimal concentrations in the medium. Nitrate at 

concentrations of 1-500 mg/ l was the best nitrogen source for growth. Ammonia also sup

ported good growth. Its optimal concentration was 3-10 mg/l. At concentrations above· 

50 mg/l it inhibited the growth. Nitrite permitted only slight growth. Among 23 organic

nitrogen compounds examined, urea supported good growth and arginine and histidine were: 
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effective to a lesser. extent. 

Carbon sources Various organic compounds were tested at 50 and 500 mg/l for their 

ability to stimulate mixotrophic growth in the light and to support heterotrophic growth ii;t 

the dark. The substances examined are as follows: glucose,· fructose, ethanol, glycerol, 

acetate, pyruvate, lactate, succinate, fumarate, citrate, a-ketoglutarate, malate, oxalacetate, 

isocitrate, glycolate, malonate, L-arginine, L:histidine, glycine, L-glutamate, L-cystine, L-serine, 

L-asparagine, L-lysine, and L-alanine. However, none of the substances tested were found 

to be effective. 
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TABLE 2. AVAILABLE NITROGEN SOURCES FOR THE GROWTH OF 

Glenodinium SP. (GROWTH AFTER 10 DAYS) 

NaNOa 
NH,Cl 
NaN02 
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L-arginine 
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Fig. 5. Effect of B12 on the growth of 
Glenodinium sp. (Growth after 10 days). 

Fig. 6. Effect of thiamine on the growth of 
Glenodinium sp. (Growth after 10 days). 

Vitamins and other organic micronutrients Requirements for biotin, thiamine and B12 

were examined. Thiamine and B12 were required for optimal growth (Figures 5 and 6). B12 

starved cells were obtained by cultivating the organism for 6 days in a B12-free medium. 

Inocula of these starved cells could not survive in media lacking B12. Thiamine stimulated 

the growth considerably but a slight growth occurred even in media lacking thiamine, despite 

the inoculum being starved for 6 days in thiamine-free medium followed by a second star

vation period. 

Xanthine, hypoxanthine, IAA, gibberellic acid and kinetin were tested for the ability to 

stimulate the growth. Among these substances only hypoxanthine was effective. At conccn~ 

tration of 5 mg/l hypoxanthine doubled the growth (Figure 7). 
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Inorganic micronutrients The requirement for iron, manganese, cobalt, zinc and boron 

was examined. In boron-free medium growth was suppressed and additions of 3-10 mg/l of 

boron was needed for optimal growth (Figure 8). However, the elimination of other elements 

was not obtained even after three successive cultivations in trace element-free media and no 

positive results were obtained. 
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Fig. 7. Effect of hypoxanthine on the growth 
of Glenodinium sp. (Growth after 10 days). 
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·l' 1g. 8. Effect of boron on the growth of 
Glenodinium sp. (Growth after 10 days). 

Discussion 

100 

It is known that glycerophosphate can be utilized as a phosphorus source by many 

planktonic algae in addition to inorganic phosphate (PROV ASOLI et al., 1957; PROVASOLI, 1958; 

IWASAKI, 1967), Glenodinium sp. examined in the present study could utilize both glycero

phosphate and K2HP04 as phosphorus sources and the optimal concentration of the former 

is higher than that of the latter. Such differences of optimal concentration between the two 

phosphorus sources in phytoplankters has been reported but the reason is still unknown 

(PROVASOLI, 1958; IWASAKI, 1967). 

Nitrate was the best nitrogen source in culture as it is for most phytoplankters (PRO

V ASOLI et al., 1957; PROV ASOLI, 1958; IWASAKI, 1967). In addition to inorganic nitrogen 

compounds the organism could utilize some organic nitrogen compounds, including urea, 

arginine and histidine. These substances serve as nitrogen sources for some phytoplankters 

(PROVASOLI, 1958; IWASAKI, 1967). The dinoflagellates Polykrikos schwartzi and Exuviaella 

sp. can utilize urea (IWASAKI, 197la and b). The non-photosynthetic species Crypthe

codinium (Gyrodinium) cohnii requires histidine when nitrate is the only nitrogen source 

(PROV ASOLI and GOLD, 1962). 

Many species of dinoflagellates have been reported to require vitamins, especially Il12, 

thiamine and biotin (PH.OVASOLI, 1958, 1964). Glenodinium foliaceum has been shown to 

require B12 and G. halli to require B12, thiamine and biotin for optimum growth, though 

the latter two vitamins are not absolute requirements. Such a stimulatory effect of vitamins 

was also demonstrated in the present study. Thiamine was not an absolute requirement but 
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a growth stimulator for G. sp; since even in media lacking 'thiamine a slight growth was 

obtained .. On the other hand, B12 ·was found to be indispensable for the growth: 

Hypoxanthine stimulated the growth rn.odcrately. This fact is interesting since three 

flagellate species, Polykrikos shwartzi,. Exuviaell(l sp. and Heterosigma inlandica were 

stimulated with hypoxanthine (IWASAKI and SASADA, 1969; IWASAKI 197la and b)i 

Among trace elements only a boron requirement was detected. A boron requirement 

has been shown for many diatom species, only for a few species of dinoflagellates (LEWIN, 

1966). 

To combine these effective nutrients in optimal concentrations. the maximal yield reached 

about 0.15 O.D. ··at 560 11m which is equal to 200,000 cells/ml in cell num.ber. 
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