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Basic studies on red tide growth and counterplans against its pollution
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The main results of the researches supported by the grant in the third year are summarized
as follows:

(a) Effect of nitrogen starvation on photosynthetic carbon metabolism in Heterosigma
akashiwe {Raphidophyceae)

The distribution patterns of "“C during photosynthetic “'CO, fixation were studied in nitro-
gen-enriched and -limited cells of the marine raphidophycean flagellate Heterosigma akashiwo. In
addition, pulse-chase experiments were conducted under light and dark conditions.

In nitrogen-enriched cells, about 45% of the total fixed "C was incorporated into 80%
methanol-soluble 8-1,3-glucans, which gradually increased during the chase in the light but
decreased rapidly in the dark. In nitrogen-starved cells, on the other hand, 4098 of the fixed “C in
mannitol attained a maximum stationary level (below 7%) in cells from both groups after 2
minutes of photosynthesis. These results suggest that the main strorage product of photosynt-
hetic CO;, fixation in both nutrient conditions may not be mannitol, but the 80% methanol soluble
£-1,3-glucans.

The nitrogen starvation leads to the acitivation of catabolic metabolism or dark respiration
and to the depression of photosynthetic CQ, fixation.

(b) The characteristics of photosynthesis and carbon metabolism in Heterosigme akashiwo
{Raphidophyceae)

The characteristics of photosynthetic CO; fixation were studied in the marine raphidophyc-
ean flagellate Heterosigma akashiwo. The rate of photosynthetic CO, fixation was saturated about
150 W-m™? and was not inhibited by higher light intensities at least up to 500 W-m™2

Maximum rate of photosynthetic CO, fixation was about 300 zmol CO, mg Chl. a™'-hr™!. The
rate was saturated at about 1 mM NalHCQ; and half-saturation for NaHCO; was about 0.1 mM.
Time course of '"C-incorporation into photosynthetic products showed that 3-phosphoglycerate
was the initial product, and 809 methanoi-soluble 8-1,3-glucans were the main reserve products
of photosynthetic CO, fixation. Pattern of dark CO, fixation after preillumination also suggests
that photosyntheic CQ; fixation in the alga may be carried out by the reductive pentose
phosphate cycle {C; cycle).

The effect of oxygen on the rate of photosynthetic “CO, fixation was also studied. The higher
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rate was obtained under 2% "C.

The rate under 100% O, was 30% lower than that under 2% O, Under 1002 O, relatively
low levels of intermediates of photorespiratory pathway such as glycolate, serine and glycine
were accumulated.

These results indicate that H akashiwo has high photosynthetic activity even under the
conditions of high light, low CQ;, and high O, concentrations.

{¢) Presence of a Na* activated ATPase in plasma membrane of the marine Raphidophycean
Heterosigma akashiwo

Highly purified plasma membranes were isolated from Heterosigma akashiwo cells, a marine
Raphidophycean uniceliular biflagellate, by the silica microbead methad, and the ATPase activity
of the membranes was characterized. The ionic requirements and spectrum of effective inhibitors
enable us to identify a novel Na*-activated ATPase in the plasma membrane of this organism.
Furthermore, we detected two phosphorylated intermediate forms of ATPases, with molecular
weights of 150 kDa and 95 kDa as judged by acid SDS-polyacrylamide ge! electrophoresis of
extracts of isolated plasma membrane.

The 150 kDa intermediate was phosphorylated in the presence of both Mg®* and Na®, which
the 95 kDa intermediate was phosphorylated in the presence of Mg?* alone. Both were dephos-
phorylated in the presence of monovalent cations. These results indicate that the former
intemediate was a Na®-activated ATPase, similar to Na®, K*-ATPase from animals, and the latter
was similar to H', K*-ATPase from higher plants.

(d) Effects of n-alkylamines on the motility and viability of Heterosigma akashiwo cells

The cytotoxic effects of positively charged liposomes and their components on Heterosigma
akashiwo celis were investigated.

Positively charged liposomes reduced cell motility and eventually caused cytolysis. Negat-
ively charged and non-charged liposomes had little effect on cell motilily and cell viabhility.
Damage was also induced by a single application of some »-alkylamines. Among n-alkylamines
tested, laurylamine (C,,) was most effective in reducing motility and causing cytolysis of cells.
The extent of the deleterious effects increased with increasing concentrations of laurylamine and
with the duration of treatment. The extent of damage to cells by laurylamine changed peri-
odically during the cell cycle. The effects of faurylamine began to increase at the forth hour of the
light period and began to decrease at the first hour of the dark period, under condition of 12 hours
of light and 12 hours of darkness. Lauric and myristic acids, which each have a carboxyl group
in place of the amino group of the corresponding alkylamines, laurylamine and myristylamine
had little effect on the cells.
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