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     Studies on the blooming of Microcystis aeruginosa.
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                               Synopsis

   The rapid accumulation of phosphate by Microcystis aeruginosa was studied.

Gelatinous matter in which the cells were embeded could be dissolved with dilute

HCI solution. Thus obtained extrace contained a large quantity of phosphate. In

the enrichment experiment of pond water with phosphate, M. aeruginosa accu-

mulated phosphate linearly with time in the first 30 to 60 minutes and then

reached the maximum. The rate of accumulation was also studied by means of

P32 tracer technique. The accumulation rate was dependent on ternperature, the

optimum at about 30C.

   Colonies of M. aerugtnosa could be divided into the supernatant and the

precipitating parts by centrifugation. Both of the rate and the maximum amount

of phosphate accumulation were higher in the former than the latter, i. e. , three

times in the rate and six times in the amounts. The vigorous growth of Micro-

cystis seems to be caused by the rapid accumulation of phosphate into the algal

colonies. It was suggested by a series of experiments by P32 that the gelatinous

matter surrounding the cells should. play an important role in the accumulation

of phosphate.

                              Introduction

   There have been many studies on the effects of nutrients on the growth of

algae under the natural and experimental conditions. GERLoFF and SKooG (1952,

1954, 1957a, 1957b) undertook a series of culture experiments on the minimum

nutrient requirements by using a blue-green alga, Microcystis aeruginosa. They

found that the nutrients content in the culture medium which induces the max-

imum growth does not always coincide with that which brings about the maximum

content of them in algal celis. These things may Suggest that this alga tends to
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accumulation some nutrients in excess in cells, when suthcient nutrients, especially

phospha, te and nitrate, are available.

    Concerning the accumulation of phosphate, RoREM (1955) reported that the

polysaccharide of bacteria! cell wail absorbed rubidium and phosphate well.

WHITToN (1967) observed rapid absorption of phosphate by Aiostoc. Recently,

SHApiRo and BARETT (1968) reported that phosphate was absorbed rapidly by M.

aeruginosa. These phenomena rnay be important concerning the relation of growth

of algae to the utilization of nutrients, If the production of organic matter by

algal population is limited by the amount of nutrients, the growth of each species

population in mixed algal community may be strongly influenced by the species

specific modes of utilization of nutrients, In natural waters, it is common that

the amottnts of nutrients are too small to give rise to the maximum growth of

the a!gae. From this point of view, it may be important to study the mode ol

life of each alga in natural community. Regarding to this problem, the author

has studied the rapid accumulation of phosphate by cells of Microcystis aerugr'nosa.

                           Material and inethods

   The blue-green alga, M. aerugtnosa, which grew in a pond (9×9m2, O.45m
in deep) in the garden of the Research Institute for Natural Resources in Tokyo,

was used for the experiments. It has been known that the alga often grows

densely in eutrophic water in summer. As the cell of M. aeruginosa are aggregated

by the gelatinous matter to form colonies, it is dithcult to count the number of

cells directly. The cells in the colony, however, can be dispersed by the treat-

ment with O. Ol-N HCI or by sonification. The treatment with HCI was used for

the dissolution of the gelatinous matter.

   The sonification in the band of 200 KC/sec for one minute was used for cell

number counting. The time of treatment over one minute was not suitabie

because of the rising of the temperature in the sarnples. This method is incon-

venient to apply to the mixed algal population, because of its difflc, ulty to dis-

tinguish the dispersed cells of M. aeruginosa from other unicellular species with

the similar form or size.

   M. aeruginosa cells were collected by centrifugation of the pond water at

3,OOO rpm for 15 minutes. Then the precipitated algal colonies were suspended in

O. Ol-N HCI solution of the same volume as initial. The treatment was carried

out twice to obtain the algal .cells free from gelatinous matter.

･. The phosphate arnounts of pond water free from algal colonies and HCI

extract of algal colonies were measured with the co!orirnetrical method. The

amount of carbohydrate was determined by the anthrone method,. The algal

colonies which did not precipitate by ,centrifugation were separated by filtration
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with glass fibre filter (Millipore Co. Ltd.).

   The following experiments were carried out to obtain some information about

the accumulation of phosphate in the gelatinous matter of colonies. The pond

waters containing M. aerugt'nosa population and the algal free pond water were

enriched with phosphate and incubated at about 20C. Two iiters of each sample

were poured into a three liter beaker and stirred gentiy by a magnetic stirrer.

   Pond water containing M. aeruginosa was preserved in the dark over night

at room temperature (about 20C), and then the centrifuged algal colonies were

suspended in distilled water and centrifuged again to rinse the colonies. Thus

obtained colonies were resuspended in the modified Chu's No..10 medium containing

P32 labelled phosphate. In this experiment, 1 ml of the concentrated algal sus-

pension was added to 10 ml of the medium. The experiment of P3Z uptake was

carried out under the conditions of 400 lux, pH 7.5, and 25 l:1 C except for the

experiments on the dependence of accumulation rate of phosphate on temperature.

The accumulation of phosphate into the colonies bf M. aeruginosa was measured

by means of determination of radioactivities of the residue obtained by filtration

of the incubated culture solution. The radioactivity was counted by a GM-counter.

The amount of chlorophyll was determined by the method of Parsons and

STRIcKLAND (1966) in which the pigment was extracted with 90% acetone. The

photosynthetic activity was meas.u. red with the determination of 02 evolution in

the sealed bottles of about 100 ml volume at about 15 OOO lux under which the
                                                 '
maximum rate of the photosynthesis occurred.

                                  Result

   As shown in Table 1, the concentration o'f phosphate phosphorus was O.O18

ppm in the algal free pond water prepapred by filtration, and O.027 ppm in

centrifuged sample. The concentration of phosphate accumulated in the gelatinous

matter corresponded to O.070 P04-P ppm, When the pond water containing the

algal colonies was acidified to O.Ol-N with HCI solution, the concentration of

phosphate released in the medium was O. 092 ppm. The cell density of M. aerugi-

nosa population used in this experiment was 7. 56 × 1061ml. as shown in Fig. 1,

the amount of phosphate accumulated in the gelatinous matter of algal colonies

increased simultaneously in contrast .to the rapid e!imination of phosphate from

the medium. After phosphate was added to pond water containing M. aeruginosa

cp!onies, the detailed observations were performed on the accumulation of phos-

phate labelled with P32. The rapid accumulation of phosphate was clearly reco-

gnized as shown in Fig. 2, The radioactiviti.es of the algal colony increased

linearlY during first ten minutes and reached the maximum after aboqt !5 minutes.

The maximum value of 10,820 cpm was measureed after about 30 minutes. This
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The accumulation of phosphate into the gelatinous matter of the colonies

of thcrocystis aerzrginosa. The alphabets C, G, and R in figure indicate

the concentration in the medium without algal colonies, the phosphorus

content in the gelatinous matter and the concentration of phosphate

remaining in the medium, respectively.
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     Figure2. rate of accumulation of phosphate into the colonies of A4icrocystis
              aeruginosa. The experiment was carried out under the condition of 142ptg

                  a/L, 400 Iux, pH 7.5 and 25C.

value was .corresponding to the amount of phosphorus accumulated in the colonies,

being about 1. 0 yg P/geg chl. a.

    It is diflicult to distinguish the phosphorus amount contained in the algal cells

from that accumulated in the gelatinous matter of algai colony. The algal cells

used in this experiment showed high photosynthetic activity, and the net produc-
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1. Phosphate phosphorus accumulated in the gelatinous matter of sworocystis

  colony. The volume of diluted HCI solution to dissolve the gelatinous

  matter is equal to that used for pond water containing the algal colonies.
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      Figure 3. The comparison between the accumulation rate of phosphate of the

               starved colony and the colony with suMcient supply of it.

               o o; starved colony, x x; sufficient colony.

tion was 31.0 mg 02/mg chl. a/hr. at 19C. After the maximum accumulation of

phosphate was attained, the algal colonies were incubated again in the rnedium

containing P32. The rate of the phosphate accumulation into the algal colonies

has, however, decreased remarkably as compared with that into starved ones

(Fig. 3). The relation between the accumulation rate and temperature was studied

with two series of experiments. The results obtained were shown as the relative
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Relation of accumulation rates of phosphate of the supernatant

to the precipitating parts of the colonies of uacrocystis aerzrgrinosa.

S ; supernatant part, P ; precipitating part.

values, as the phosphate concentrations in the medium and chlorophyll contents

of used algal population were different in respective series of experiments. The

rate increased with the raising of temperature, and reached the maximum at
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 vertical distribution of the number Qf algae at 11;OO a.m,

August 1, 1967 in Lake Suwa.

     ; uacf'ocystis aeruginosa, - ; Bacillariophyceae,
      Chlorophyceae).

decreased rapidly (Fig. 4).

   that colonies of M. aeruginosa are often divided into two

    namely one in supernatant and the other in precipitating

    both parts seemed to be different in the appearance and

    The content of nitrogen of the algal cells in supernatant

      in the precipitates, namely the former was 8.67% and

    weight basis. The photosynthetic activities of both parts

     the former showed far higher activity, i. e., 5.05 mg

compared with O.60 mg 02/mg chl. a/hr of the Iatter. The

 phosphate by both parts were compared. The rate in the

    high as that in the latter (Fig. 5).

              Discussion

    lakes and ponds, M. aerugtnosa increases very vigorously

     standing crop in summer season, which becomes fre-

sudden summer death of fishes or so called "Susumizu" (Iwai

 Okino 1967). This alga has a character to gather together

    often to form a thick film at the surface. According to

     out at 11:OO a.m. in August lst, 1967 in Lake Suwa,

   surface water was 2×105 cells/ml being 200 times as much

 depth (Fig. 6).

     population of algal cells at the water surface seems to
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be unfavorable for sufTicient strpply of nutrients to each cell, the extensive bloom

of this alga has often been observed in eutrophic waters as presented above. The

concentration of available nutrients in lake water is, 'howevef, usually very low

during heavy blooming of this alga. In Lake Suwa, the concentration of phosphate

in surface water was O.O06-O.036 P04-P ppm during the blooming period. Con-

trary to this, the phosphorus content of this algalcolonieswas O.36%. This valtte

corresponds nearly to the maximum value reported by GERLoFF et al. (1954).

According to their results, the phosphorus content of this algal colonies reached

the maximum of O.4%, when the initial concentration of phosphate phosphorus

in the medium was higher than O. 8 ppm.

    Moreover, ifi their culture experiments, the initial concentratiofi of phosphate

phosphorus which induced the maximum yield of the algal colonies was O.4 ppm.

This value did not agree with the value which brought about the maximum

content of phosphorus of algal colonies. Taking these results into consideration,

it may be sugg-ested that this alga accumulates phosphate in excess by some

processes. In the studies on Nostoc, WHITToN (1967) found that phosphate was

absorbed from the medium by some nonactive means and the accumulation rate

of phosphate was reduced by pre-treating the colonies with chelating agents.

    On the other hand, there are some reports concerning the effects of physio-

logical conditions of the organisms upon the accumulation rate of phosphate

(CusHING and WATsoN 1968, GuTKNEcHT 1961, 1965, SHAplRo 1967). As seen in

the present study, M. aerugr`nosa accumulated phosphate rapidly and the accumu-

lation rate was about O.08 ptg P/Ftg chl. a/min. at 25C. The rate may be affected

by the physiological conditions at the experiment. If there are some differences

in the physiological conditions between the alga in supernatant and precipitating

parts, in which the nitrogen content differs from each other, the physiological

differences between both parts might also bring about different accumulation rates

of phosphate. As a matter of fact, the supernatant part showed higher rate than

another (Fig. 4). The rate was about 3.5 times higher and the concentration of

phosphorus accumulated into the algal colonies was 3 times higher in the super-

natant part than those of precipitating part.

    According to ottr observation in some lakes and ponds, M. aerugnzosa showed

the tendency to rise to the surface early in the morning, and to scatter down

toward the evening because of increase of the specific gravity of algal colony.

Such daily rhythm in the vertical distribution of this alga is considered to be

favorable for the uptake of nutrients as well as the production of organic matter

by photosynthesis. Because the algal colonies follen down to deeper layer may

have the chance to obtain the phosphate released by excretion by animals and

bacterial decomposition. In blooming season, the algal density is usually lower,
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and the amount of available phosphate may be relatively Iarge in the deeper

layer as compared with those in the surface layer. When the algal colonies rise

to the surface due to the decrease in the specific gravity caused by consumption

of the stored photosynthetic product, the high activity of phosphate accumulation

recognized in the supernatant part may be favorable for the uptake of phosphate.

As the photosynthetic activity of the alga is high in the morning and decreases

in the afternoon in clear day, the vertical movement of this alga brings about

no serious effect reducing the daily photosynthetic production.

    The accumulation rate of phosphate measured by use of P32 seems to depend

on water temperature, and the optimum was attained at about 30C. According

to the previous studies the appearance of bloom of M. aerugtnosa is limited in

warm season. In Lake Suwa, this alga begins to grow remarkably at the surface

water temperature of over 20C, and to decrease in autumn when the thermocline

is broken down. The highest standing crop of this alga was obtained early in

August when the surface water temperature was 30C. This fact seems to have

some relations to the high accumulation rate of phosphate as mentioned before.

    In the colonies of M. aeruginosa, the algal cells are embedded in gelatinous

matter of carbohydrate nature. When the accumulation rate of phosphate of this

alga is constant, the increase with time of phosphate absorbed into the colony

mostly depends on accumulation in the gelatinous matter. As shown in Table 1,

the concentration of phosphate in the solution increased simply by centrifugation.

It seems to suggest that some part of phosphate in gelatinous matter is able to

be released easily by centrifugation from the algal colony. According to SHApiRo

(1967), activated siudge flocs composed of bacteria, protozoa, and others were

able to release or uptake actively a large amottnt of phosphorus according to

environmental conditions, and the phosphortts was detectable mostly in the acid-

extract fraction. The rapid accumulation of phosphate by the algal colonies may

be explained in terms of rapid absorption of gelatinous matter, neverthless this

was not solved clearly in the present study.

    The rapid absorption of phosphate from the medium may be advantageous

nature of this alga for its rapid growth. It is assumed that the phosphate accumu-

lated temporarily in the gelatinous matter will be transported into the algal

cells, and used for the growth. As a rule, the concentration of nutrients,

.particularly that of phosphate, is always extremeiy low in natural water. This

suggests that the phosphate released by the decomposition of organic materials is

absorbed immediately by the other organisms. Under such conditions as phosphate

being insufficient, the growth of each species may be influenced by its accumula-

tion rate of phosphate.

    In the present study, the accumulation of phosphate was investigated only
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with Microcystis, but in future those of other many species should be investigated

from the same point of view.
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