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Abstract — In cultures of unialgal species and of algae with bacterium the 
concentration and composition of free amino acids dissolved in the medium were 
investigated. The accumulation of these compounds in the phase of the logarithmic 
growth of cell number, a decreased content of amino acids in the stationary phase, and 
a repeated accumulation in the death phase were observed. The amount of amino acids 
released to the medium in different growth stages were' characteristic of the given 
alga species. The addition of bacterium Escherichia coli changed the proportion of amino 
acids in the media of Dictyosphaerium pulchellum and Diatoma elongatum, but the 
concentration of the compounds was markedly increased in the diatom culture only.
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1. Introduction

The origin of organic matter dissolved in water has not been complet­
ely explained yet, especially with regard to autochtonie substances. 
Results of laboratory experiments suggest that among other factors the 
development of algae affects the formation of organic matter (Nale­
wajko, Lean 1972). According to some authors (Taust 1968, 
Herbst 1976) the excess of organic matter dissolved in the environment 
inhibits the growth of algae, this being probably the reason for the ageing 
of algae cultures.

Of the constituents of organic matter, free amino acids are released 
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by photosynthetizing algae as a result of photorespiration; the compounds 
can also originate from the autolysis of dead algal cells.

Meffert and Overback (1979) showed that the concentration 
of extracellular proteins was controlled by the growth of algae. Pime­
nova et al. (1970) observed that the bacteria isolated from a Chlorella 
culture did not release great amounts of proteolytic enzymes before 
reaching the sporulation phase of this species. In an earlier work, Ma­
tusiak et al. (1965) found that Chlorella pyrenoidosa and Ch. vulgaris 
produced less antibacterial substances in the older than in the younger 
stage.

The aim of the present work was to investigate the effect of different 
algae species on the content of amino acids in the medium. The subject 
of the experiment were various species of blue-green algae, diatoms and 
green algae whose "algal bloom" is most frequently observed. The 
cultures of algae and a 24-hour test of mixed cultures of some algal 
species with bacterium Escherichia coli were conducted.

2. Material and method

Two- and three-week cultures of algae were carried out. The two-week 
culture included the following species:
— blue-green algae Phormidium favosum (Bory) Gom., Aphanizome­

non flos aquae (L.) Ralfs,
— diatoms Asterionella formosa Hass., Nitzschia palea (Kütz.) 

W. S m..
— and a green alga Volvox aureus Ehr.;
while in the three-week culture the following species were grown:
— a diatom Diatoma elongatum (Lyngb.) A g., and
— green algae Dictyosphaerium pulchellum Wood and Volvox aureus 

Ehr.
All algae used for inoculations originated from the same physiological 
phase. i.e., from the advanced growth of cell number (log phase). The 
cultures were grown in 500 ccm flasks on ASM-1 medium (Gorham et 
al. 1964) modified by Bombówna et al. (1975), in a thermoluminostate 
at 20—22°C and 2000 lux.

The biomass of specimens or cells of the different species was deter­
mined by weighing the wet mass collected on membrane filters. the cell 
numbers being simultaneously counted in an inverted microscope. The 
filters were dried at 60°C. weighed once more, and the dry weight of 
algae was thereby obtained.

In addition, in a 24-hour test the three-week old cultures of Dictyo­
sphaerium pulchellum and Diatoma elongatum were inoculated with the 
bacterium Escherichia coli. The cultures were transferred to three 
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300 ccm flasks and inoculated with the bacterium at a ratio of 5.8 × 108 
per 100 ccm of the culture.

The following procedure was used in determining the content of free 
amino acids: a 200 ccm sample of algae cultures was filtered through 
Whatman GF/C glass fibre papers with pore diameter of 1.2μ or, in case 
of the alga-bacterium test, through coli-titer 5 filters. All samples were 
taken in two replications.

The obtained filtrates of about 200 ccm were shaken for 2 hours with 
30 g of Amberlit IRC resin in a H+ form (Devaux et al. 1970). After the 
filtrate was decanted, the resin was washed with a small amount of re­
distilled water and again shaken for 2 hours with 50 ccm of 2 N ammonia. 
Then, ammonia was evaporated at 45—50°C. This was repeated twice, 
several cubic centimetres of redistilled water being added to the evapo­
rated residue. The obtained sample was suitably diluted and used for the 
quantitative determination of a-amino nitrogen by Moore and Stein's 
method (1954) and for the qualitative analysis of amino acid composition 
using thin-layer chromatography (Opieńska-Blauth et al. 1967).

For determining the qualitative composition of free amino acids the 
sample was dissolved in 1 ccm of redistilled water. Then it was put in 
0.005, 0.015 and 0.020 ccm on cellulose covered plates. Standard amino 
acids (0.05 M) in the amount of 0.001 to 0.003 ccm were also placed on 
the plates. MN cellulose was used as absorbent, a mixture of butanol, 
acetate acid and redistilled water in the 4 : 1 : 1 V/V/V ratio being used 
as the mobile phase.

Each chromatogram was developed twice and then, after drying, it 
was detected with a mixture of ninhydrine in methanol with an admixture 
of collidine in the ratio of 300 mg : 95 ccm : 5 ccm.

3. Results

At different stages of the logarithmic growth of cell number (expo­
nential phase) considerable amounts of free amino acids accumulated in 
the media of nearly all cultures.

In the green algae Dictyosphaerium pulchellum (fig. 1A Di) and 
Volvox aureus (fig. 1A Vo) and in blue-green algae Phormidium favosum 
and Aphanizomenon flos aquae (fig. IB, Aph, Ph) the logarithmic growth 
of cell number began simultaneously with the parallel release of great 
amounts of free amino acids. The simultaneity of the increasing con­
centration of these substances in the culture and of the growth of cell 
number was particularly pronounced in experiments with Volvox aureus. 
With double density of the inoculum the adaptation (the lag phase) of 
this alga to new worse conditions of the environment lasted twice as 
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long as in the culture with 50% density of the inoculum (fig. 1A Vo), no 
cumulation of free amino acids being observed in the former culture.

However, with diatoms Diatoma elongatum and Asterionella formosa, 
a slight cumulation of free amino acids in the suspension was noted at 
the beginning of the logarithmic growth of cell number (fig. 1C As Dia). 
An increased concentration of the discussed compounds was not noted 
before the advanced growth of these algae began. Nitzschia palea was an 
exception among the investigated algae because during the entire period 
of intense growth of cell number (12 days) the content of free amino acids 
in the culture of this alga did not increase (fig. 1C Ni).

Between the 12th and 14th day of culture in the steady state a distinct 
decrease in the concentration of free amino acids was found with nearly 
all algae (Table I). This did not concern the algae which were still at an 
earlier physiological phase, i.e., by the end of the logarithmic growth of 
cell number. These were Asterionella formosa and Nitschia palea (fig. 1C 
As Ni) and the blue-green algae Aphanizomenon flos aquae (fig. IB Aph). 
The blue-green alga Phormidium favosum was the only exception, since 
on the 14th day of the culture it was still in the final growth phase, while 
the concentration of free amino acids in the culture was already slightly 
diminished (fig. 1B Ph).

It was found that in the third week of culture of the green algae 
Dictyosphaerium pulchellum (fig. 1A Di) and Volvox aureus (fig. 1A Vo), 
and a diatom Diatoma elongatum (fig. 1C Dia) considerable accumulation 
of free amino acids in the culture was again observed. With green algae 
it was already observed on the 17th day of growth of culture, still in the 
steady state, while in the diatom culture it took place later, on the 21st 
day, at initial stage of the death phase. Moreover, it was observed that 
unlike the green algae, the diatoms cumulated the largest amounts of free 
amino acids per unit of dry weight of algae in this phase and not in the

Table I. Free amino acids released by algae in mg isolecine · mg-1 dry weight of algae

Onset of experiment 24.VII.1973 20.VIII.1973 5.X.1973
Controls

Test species 
1.VIII 7.VIII 27.VIII 1.IX 9.X 12.X 17.X 22.X 26.X

Blue-green algae: 
Phormidium favosum (Bory) Gom. 
Aphanizomenon flos aquae

(i.) Ralfs

0.309 0.057

0.277 0.362
Diatoms:

Nitzschia palea (Kütz.) Smith 
Asterionella formosa Hassal 
Diatoma elongatum Agardh

0.016 0.014
0.133 0.216

0.159 0.256 0.031 0.084 0.324
Green algae:

Volvox aureus Ehr.
Dictyosphaerium pulchellum 

Wood

0.330 0.170 0.311

0.313

0.540

0.305

0.025

0.04

0.192

0.123

0.186

0.142
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Fig. 1. Growth (a) and free amino acids content (b) in cultures of algae. A — green algae: Di — Dictyosphaerium pulchellum, Vo —
Volvox aureus — single inoculum (1), double inoculum  (2); B — blue-green algae: Aph — Aphanizomenon flos aquae, Ph — Phor­

midium favosum; C – diatoms: As – Asterionella formosa, Dia — Diatoma elongatum, Ni — Nitzschia palea
http://rcin.org.pl
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phase of the growth of cell number (Table I). On the 21st day of culture, 
the number of Diatoma elongatum cells was ten times larger than that 
of Dictyosphaerium pulchellum (fig. 1A Di C Dia).

Three-week cultures of Dictyosphaerium pulchellum and Diatoma 
elongatum were inoculated with the bacterium Escherichia coli, the 
following changes being noted after 24 hours: both in the test of Dictyos­
phaerium pulchellum + bacterium, and in the filtrate with the bacterium, 
the content of free amino acids was insignificantly different from the 
control test (fig. 2 Di Dia), while in the test with the diatom inoculated 
with Escherichia coli 4he content of amino acids was 2.5 × higher and in 
the algal filtrate (Diatoma elongatum) inoculated with the bacterium — 
3.2 × higher than in the control not inoculated sample (fig. 2 Di Dia).

It should be stressed that in the control samples the content of free

Fig. 2. Free amino acids content in algae — bacterium test: Di — Dictyosphaerium pul­
chellum; Dia — Diatoma elongatum: a — algae in declining phase (in 21 days of cul­
ture); b — control sample after 24 hrs; c — algae and bacterium after 24 hrs; d — fil­

trate of algae — culture inoculated with bacterium after 24 hrs
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amino acids was markedly lower after 24 hours: in the green alga culture 
by 0.596 mg and in the diatom culture by 0.858 mg isoleucine ∙ 0.1 dm-3 
of suspension (fig. 2).

The results of qualitative analyses of free amino acids in algal filtrates 
showed great amounts of aspartic acid and serine with glycine, medium 
content of alanine, and in most cases of threonine, and more rarely of 
glutamic acid. Apart from the above-mentioned compounds, trace 
amounts of the following components were also noted: cystine, lysine, 
histidine, tyrosine, valine, and leucine (fig. 3A B C).

In tests with Dictyosphaerium pulchellum and Diatoma elongatum 
inoculated with bacterium Escherichia coli after a 3-week period of 
growth, the content of free amino acids which previously appeared in 
very small amounts, was increased to a medium value (fig. 3C), while the 
amino acids whose content was large or average, remained almost un­
changed. A different situation was found in the Dictyosphaerium pul­
chellum — Escherichia coli test where the high content of aspartic acid 
and serine with glycine was lowered to an average level after the inocu­
lation (fig. 3C Di c d). This was revealed by the intensity of spots on 
chromatograms. Moreover, in the Dictyosphaerium pulchellum test ino­
culated with bacterium arginine, tryptophan, and an unidentified amino 
acid (fig. 3C Di c d), were noted, while in an analogical Diatoma elon­
gatum test arginine appeared (fig. 3C Dia c d).

4. Discussion

4.1. Factors affecting the release of amino acids in algal cultures

It was found that the increased density of inoculum — double in 
Volvox aureus and threefold in Diatoma elongatum in relation to Aste­
rionella formosa (according to Siemińska 1974, the cells of these two 
algae are similar in size), brought about an increase in the amount of 
amino acids released to the medium, the increase being proportional to 
the number of cells (fig. 1A Vo, fig. 1C As Dia). Thus, the change in the 
initial density of cells did not affect the amount of extracellular free 
amino acids per unit of dry weight of algae. The concentration of these 
substances in the medium was conditioned by the specific physiology of 
the given organism. An identical dependence was observed by Fogg 
et al. (1965).

It should be stressed that, like the density of the inoculum, the size 
of cells which affects the surface of the whole community, was not 
decisive for the amount of amino acids released by algae. Nitzschia palea 
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which was characterized among the investigated diatoms, by the smallest 
size of cells (Siemińska 1974), released the least amount of amino 
acids per unit of alga dry weight, as compared with other diatoms (Table 
I). On the other hand, great amounts of amino acids in relation to the 
alga dry weight were noted in the culture of Aphanizomenon flos aquae 
(Table I) whose cells were smaller than those of Phormidium favosum 
(Starmach 1965) as well. The results obtained in Aphanizomenon flos 
aquae are in agreement with other authors' observations (Nalewajko, 
Lean 1972, Chróst, Brzeska 1978) that blue-green algae release 
considerable amounts of peptides and amino acids.

4.2. The content of free amino acids in algae cultures in relation to phase of their 
physiological phase of growth

Organic substances released by algae in the initial phase of growth 
are intermediates in metabolism of their cells (Fogg 1971). As it was 
already mentioned, in the cultures of green algae Dictyosphaerium pul­
chellum (fig. 1A Di) and Volvox aureus (fig. 1A Vo), and in blue-green 
algae Phormidium favosum and Aphanizomenon flos aquae (fig. 1b), 
the phase of the logarithmic growth of cell number began when the con­
tent of amino acids in the media was considerably increased.

An analogical dependence of an increase in the numbers of the green 
alga Chlorella upon the content of organic substances was found by Na­
lewajko (quoted after Fogg 1966). In that case glycollate added 
to the medium shortened the adaptation phase (the log phase) and in­
creased the division of algal cells. According to Fogg (1971), the 
growth of cultures occurs when the quasi-equilibrium between intra- and 
extracellular metabolites has been reached.

With regard to the concentration of free amino acids in log phase of 
diatoms, and particularly of Diatoma elongatum and Nitzschia palea, was 
different. As mentioned above, the logarithmic growth of cell number 
began when the excretion of these metabolites was not increased yet.

The obtained results of green algae and diatoms correspond to test 
investigations on the effect of municipal sewage on rivers (Bombówna 
et al. 1978). It was found that green algae grown in natural water polluted 
with municipal sewage containing large amounts of organic matter, grew 
much faster than diatoms. The latter group developed most rapidly in 
natural water without organic components.

Among the investigated algae, Nitzschia palea presented an extreme 
example of the wide ratio of cell number to free amino acids (fig. 1 CNi). 
The constantly low level of these compounds which occurred simult­
aneously with the very intense growth of cell number seemed to support 
the opinion that the development of diatoms did not depend upon the 
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content of organic matter in the environment. The published date con­
cerning this diatom did not agree with the above hypothesis, Huber­
-Pestalozzi (1938) reported that this alga was frequently found in 
the mucilaginous envelope of Microcystic. Täuscher's (1980) 
observations also showed that the diatoms excellently developed in 
Microcystis environment. It seems that this blue-green alga releases 
some amounts of free amino acids, similarly as Aphanizomenon flos aquae 
in present experiments. This alga was found to release relatively great 
amounts of amino acids per unit of dry weight (Table I). On the other 
hand, Turoboyski (1970) claimed that Nitzschia palea preferred 
media of rich organic matter content. These controversial findings show 
that with regard to the content of organic matter in the environment, the 
investigated diatom can grow under extreme conditions.

As it was described in chapter 3, the next stage, between the 12th and 
14th day of growth, was characterized by a considerable decrease in the 
concentration of free amino acids in most cultures (fig. 1A Di Vo2, fig 1B 
Ph, fig. 1C Dia). Then it was probably brought about by the development 
of bacteria, this being supported by other authors. In the culture of Sce­
nedesmus quadricauda inoculated with bacteria from a lake, an increase 
in the consumption of extracellular protein to 89% was noted by Stein­
berg (1977) on the 14th day of growth. In the culture of Anabaena cy­
lindrica a certain decrease of dissolved organic matter was noted 
between the 8th—12th day of growth (Chróst, Brzeska 1978) while 
the total number of bacteria cells simultaneously increased. Also an in­
direct evidence of the role of bacteria in reducing organic matter just in 
this stage of growth was given by the results of Pimenova et al. 
(1970), as quoted in chapter 1.

According to some authors, the rate of organic matter release by the 
algae is intensified as these organisms grow older (Nalewajko, 
Lean 1972). The present results showed that the content of these com­
pounds (free amino acids) resulted not only from the metabolism of cells 
but also from their autolysis. This phenomenon was manifested by a de­
crease in cell number during the 3rd week of culture, simultaneously 
suggesting the ageing of cultures. It should be stressed that contrary to 
green algae Dictyosphaerium pulchellum and Volvox aureus, the diatom 
Diatoma elongatum released a fivefold amount of amino acids per 1 cell 
just at that time and not in the log phase. However, in the medium of 
Volvox aureus, the content of free amino acids per 1 colony was only 
1.5 × greater in the log phase than in the 3rd week of growth. Actually, 
it was many times greater, if Prescott's assumption (1951) that the 
number of cells increases as the colony grows older, is taken into con­
sideration. In the discussed case, this is also supported by the number 
of Volvox aureus colonies which was maintained at the same level in the 
3rd week of culture (fig. 1A Vo2).
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4.3. The effect of bacterium Escherichia coli on the content of free amino acids in
Dictyosphaerium pulchellum and Diatoma elongatum cultures

In control cultures, 24 hours after the Dictyosphaerium pulchellum 
and Diatoma elongatum cultures were transferred to flasks, a decrease in 
the concentration of free amino acids was observed. It amounted to 64% 
in the medium of the green alga and to 74% in that of the diatom (fig. 2 
Di Dia). The aeration of cultures, bringing about desamination, resulted 
in the loss of these compounds. The effect of oxygen on protein decom­
position was also found in the investigations of Krause (1964) and 
Rjabov et al. (1974).

The inoculation test with Dictyosphaerium pulchellum culture and 
bacterium Escherichia coli showed that after 24 hours the amount of free 
amino acids in the control (without bacterium inoculation) did not signi­
ficantly differ from their content in the alga-bacterium and algae fil­
trate-bacterium tests (fig. 2 Di). In this case the inoculation did not cause 
an increased excretion by the algae or a release of greater amounts of 
amino acids by way of autolysis. On the other hand, after the alga Dia­
toma elongatum was inoculated with the bacterium Escherichia coli, the 
content of free amino acids was a few times increased both in the mixture 
of algae and bacteria and in the alga filtrate inoculated with bacterium 
(fig. 2 Dia), as compared to the control.

Twenty-four hours after the algae cultures were inoculated with 
bacteria, Meffert and Zimmerman-Telschov (1979) obser­
ved an increase in the extracellular protein content without an increase 
in the bacteria number. At the next stage, also after a 24-hours period, 
the number of bacteria increased while the protein content was elimina­
ted. An analogical situation manifested by a marked increase in the con­
centration of free amino acids, was noted in the diatom + bacterium and 
diatom filtrate + bacterium tests.

Contrary to Diatoma elongatum, the green alga Dictyosphaerium pul­
chellum inoculated with Escherichia coli did not release increased 
amounts of amino acids to the medium and in the 3rd week of growth 
when the accompanying bacteria developed, the number of cells was in­
significantly decreased as it was already said above, this probably 
suggesting lower sensibility of green algae to environmental factors, i.e., 
in this case to bacteria (Starmach et al. 1976). It should be mentioned 
here that a substance called chlorelina was isolated from Chlorella cul­
tures by Pratt et al. (quoted after Starmach 1963). The substance 
was found to have an antibiotic effect also on the bacterium Escherichia 
coli. The results of the test probably show that similarly as Chlorella, 
the green alga Dictyosphaerium pulchellum markedly limited the growth 
of the bacterium used in the test, this indicating a dependence between 
the development of this bacterium and a given alga environment.
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The test of diatoms with bacterium differed from the green alga. In 
the medium of Diatoma elongatum, great amounts of free amino acids did 
not appear until the death phase, after the bacterium Escherichia coli 
was introduced. In these two cases the decomposition of algae cells 
probably occurred (fig. 1C Dia, fig. 2 Dia). Thus, if the development of 
diatoms is not accompanied by the release of great amounts of amino 
acids, it is possible that in natural conditions the presence of dissolved 
organic compounds originating from polluted environment inhibits the 
development of Diatoma elongatum. This would explain the disappearan­
ce of most diatoms under the influence of pollution (Bombówna et al. 
1978).

4.4. Changes in the composition of free amino acids in algae cultures inoculated with 
bacterium Escherichia coli

As it was already said analyses of the composition of free amino acids 
in algae cultures showed the presence of aspartic acid, serine with 
glycine, alanine, and in many cases of threonine and more rarely of glu­
tamic acid. These amino acids probably originated from the cell metabolic 
pool. Apart from the above-mentioned usually low-molecular amino acids 
a considerably lower content of cystine, lysine, histidine, tyrosine, valine 
and leucine (fig. 3A B C) was also noted.

An analogical composition of amino acids, particularly of those 
occurring in greater amounts, both in cultures and in natural conditions 
was found in the investigations of Brehm (1967), Paluch, Stan­
gret (1969), Goeke (1970), Zygmuntowa (1972), and Stein­
berg (1977).

On the other hand, the bacterium inoculation brought about changes 
in the proportion of different amino acids both in green alga and diatom 
tests. The concentration of amino acids involved in cell metabolism did 
not change significantly, while that of cystine, lysine, histidine, tyrosine, 
valine, and leucine whose content had been lower before inoculation, 
grew. This was probably caused by the bacterial hydrolysis of protein 
(fig. 3C a b c d). Similar changes in amino acids composition in algae 
cultures inoculated with bacteria were observed by Steinberg (1977).

5. Conclusions

1. The accumulation of free amino acids in most algae cultures 
occurred in the log phase of growth of cell number and in the phase of 
cell death, the amount of free amino acids being characteristic of the 
given species.
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2. In diatom cultures the largest content of free amino acids occurred 
in the period of cell death.

3. The release of amino acids in diatom cultures depended mo-re on 
bacterial decomposition processes than on cells excretion. This is indica­
ted by larger amounts of these compounds in the media, observed in the 
phase of cell death when the accompanying bacteria were developed, 
than after the bacterium Escherichia coli was introduced.

The author is much indebted to Professor Stanisław Wróbel 
for his valuable help in preparing the publication of the obtained results. 
The help of Dr. Aleksandra Starzecka in making the Escheri­
chia coli cultures available is very much appreciated.

6. Polish summary

Wolne aminokwasy w kulturach różnych gatunków glonów

Przeprowadzono badania laboratoryjne kultur sinic: Aphanizomenon flos aquae, 
Phormidium favosum (ryc. 1B), okrzemek: Asterionella formosa, Diatoma elongatum, 
Nitzschia palea (ryc. 1C) i zielenic: Dictyosphaerium pulchellum, Volvox aureus (ryv. 
1A).

W próbach pobieranych co kilka dni liczono komórki glonów oraz określano ich 
biomasę metodą wagową. Oznaczano również ogólną koncentrację wolnych aminokwa­
sów metodą ninhydrynową Moore'a i Steina i ich skład jakościowy metodą 
chromatografii cienkowarstwowej na celulozie MN.

Wykonano ponadto test, szczepiąc kultury glonów Dictyosphaerium pulchellum 
i Diatoma elongatum w stadium starzenia kultury (po trzech tygodniach hodowli) ba­
kterią Escherichia coli (ryc. 2).

Stwierdzono akumulację tych związków w fazie logarytmicznego wzrostu liczby ko­
mórek, ich ubytek w fazie stacjonarnej i ponowne gromadzenie w stadium obumierania 
komórek (tabela I). Ilość uwalnianych aminokwasów w przeliczeniu na mg suchej masy 
glonu w poszczególnych fazach była charakterystyczna dla danego gatunku glonu (ta­
bela I). Nie zależała ona od gęstości inokulatu, jak również od wielkości komórek.

Spośród badanych glonów, okrzemka Nitzschia palea wydzielała najmniej wolnych 
aminokwasów w stosunku do suchej masy glonu (tabela I).

W pierwszym etapie (faza wzrostu liczby komórek), wolne aminokwasy pochodziły 
przede wszystkim z pulli metabolicznej komórek, w drugim zaś (stadium starzenia kul­
tury) — dodatkowo jeszcze z bakteryjnego rozkładu białka glonów po ich autolizie. 
Ilustrowały to chromatogramy aminokwasów z kultur glonów (ryc. 3A B C) i z ich 
testów z bakterią Escherichia coli (ryc. 3C cd).

Wzrostowi okrzemek Diatoma elongatum i Nitzschia palea (ryc. 1C Dia Ni) nie to­
warzyszyło w przeciwieństwie do zielenic Dictyosphaerium pulchellum i Volvox aureus 
(ryc. 1A Di Vo) znaczne wydzielanie wolnych aminokwasów. U tych ostatnich glonów 
ilość wolnych aminokwasów przypadająca na komórkę w fazie wzrostu była kilka razy 
większa, aniżeli w fazie obumierania komórek. W kulturach Diatoma elongatum w trze­
cim tygodniu hodowli (death phase) stwierdzono pięciokrotnie większą, aniżeli w fazie 
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log koncentrację tych związków, przypadającą na jedną komórkę, przy równocześnie 
dziesięciokrotnie większym, aniżeli u Dictyosphaerium pulchellum ubytku liczby ko­
mórek. W pożywce tej okrzemki zanotowano również znaczny wzrost (w porównaniu 
z zielenicą) koncentracji wolnych aminokwasów po zaszczepieniu jej bakterią Esche­
richia coli (ryc. 2 Di Dia c d). Wskazywałoby to, że badana okrzemka jest bardziej od 
zielenicy podatna na działanie bakterii zarówno towarzyszących (w trzecim tygodniu 
hodowli), jak i wprowadzonych do pożywki.

7. References

Bombówna Μ., H. Bucka, W. Huk, 1978. Wpływ miast Polski Południowej na 
zasobność wody rzek karpackich w składniki pokarmowe — The influence of towns 
in Southern Poland on the nutrient content in waters of the Carpathian rivers. Acta 
Hydrobiol., 20, 245—261.

Bombówna Μ., H. Bucka, J. Zygmuntowa, G. Jaworski, 1975. Inter­
dependence between several different species of algae investigated in cultures. 
Verh. Internat. Verein. Limnol., 19, 2741—2748.

Brehm J., 1967. Untersuchungen über den Aminosäuregehalt holesteinischer Gewässer 
insbesondere des Fluss-Sees. Arch. Hydrobiol., Suppl., 32, 313—435.

Chróst J. R.,D. Brzeska, 1978. Extracellular release of organic products and growth 
of bacteria in Anabaena cylindrica (blue-green alga) cultures. Acta Microbiol. Pol., 
27, 3, 287—295.

Devaux G., R. Crockett, A. Brachet-Liermain, E. Jouzier, A. Ruffie, 
1970. Biochimie clinique. Paris, Gauthier-Villars Ed.

Fogg G. E., 1966. Algal cultures and phytoplankton ecology. Univ. Wisc. Press., 1—126.
Fogg G. E., 1971. Extracellular products of algae in fresh water. Arch. Hydrobiol., Beih. 

Ergebn., 5, 1—25.
Fogg G. E., C. Nalewajko, W. D. Watt, 1965. Extracellular products of phyto­

plankton photosynthesis. Proc. Roy. Soc., B, 162.
Gocke K., 1970. Untersuchungen über Abgabe und Aufnahme von Aminosäuren. Po­

lypeptyden durch Planktonorganismen. Arch. Hydrobiol., 67, 286—367.
Gorham P. R∙., J. Mc. Lachlan, U. T. Hammer, W. K. Kim, 1964. Isolation and 

culture toxic strains of Anabaena flos aquae (Lyngb.) de Bréb. Verh. Internat. Ve­
rein. Theor. Angew. Limnol., 15, 796—804.

Herbst V., 1976. Physiologische Untersuchungen zur Kopplung des Stoffwechsels von 
Oscillatoria redekei Van Goor und Begleitbakterien. Dissertation, Christian-Albrecht, 
Univ. Kiel.

Huber-Pestalozzi G., 1938. Das Phytoplankton des Süsswassers. 1. Blaualgen, 
Bakterien, Piltze. Stuttgart, E. Schweizerbartsche Verl.

Krause R. H., 1964. Zur Chemie und Biochemie der Zersetzung von Süsswasserorga­
nismen unter besonderer Berücksichtigung des Abbaues der organischen Phosphor­
komponenten. Verh. Internat. Verein. Limnol., 15, 549—561.

Matusiak K., T. Jaroszyńska, A. Krzywicka, 1965. Activity of antibacterial 
substance in Chlorella vulgaris, Chlorella pyrenoidosa at various stages of their 
development cycle and influence of light on the process. Bull. Acad. Polon. Sci., 
13, 667—671.

Meffert Μ. E., J. Overbeck, 1979. Regulation of bacterial growth by algal release 
products. Arch. Hydrobiol., 87, 118—121.

Meffert Μ. E., H. Zimmerman-Telschov, 1979. Net release of nitrogenous

http://rcin.org.pl



296

compounds by axenic and bacteria-containing cultures of Oscillatoria redekei (Cya­
nophyta). Arch. Hydrobiol., 87, 125—138.

Moore S. W., H. Stein, 1954. A modified ninhydrin reagent for the photometric 
determination of amino acids and related compounds. J. Biol. Chem., 211, 907—913.

Nalewajko C. D., R. S. Lean, 1972. Growth and excretion in planktonic algae and 
bacteria. J. Phycol., 8, 4, 361—366.

Opieńska-Blauth J., H. Kraczkowski, H. Brzuszkiewicz, 1967. Zarys 
chromatografii cienkowarstwowej. Warszawa, PWRL.

Paluch J., S. Stangret, 1969. Próby ustalenia zawartości aminokwasów w czystych 
i zanieczyszczonych wodach powierzchniowych. Biul. Zakł. Badań Naukowych GOP, 
PAN, 12, 7—30.

Pimenova Μ. J., I. V. Maksimowa, G. J. Meleško, E. K. Lebedeva, 1970. 
Dynamika količestvennych izmeneni vnekletočnych organičeskich veščestv pri dli­
telnom vyrašivaniu Chlorella sp. Mikrobiol., 39, 2.

Prescott W. G., 1951. Algae of the Western Great Lakes Area. Cranbrook Institute 
of Science. Bloomfield Hills, Michigan.

Rjabov A. K., B. I. Nabivanec, G. H. Olejnik, T. J. Smikun, L. V. Pod­
gaevskaja, 1974. Experimentalnoe issledovanie vlijanija temperatury i stepeni 
kislorodnogo nasyščenija na skorost destrukcji rastvorimych belkov v prirodnych 
vodach — Experimental study of the effect on temperature and degree of oxygen 
saturation rate of soluble proteins in natural waters. Gidrobiol. Ž., 10, 5, 15—25.

Siemińska J., 1974. Bacillariophyceae — Okrzemki. Flora słodkowodna Polski. Chry­
sophyta. 2. Warszawa, PWN.

Starmach K., S. Wróbel, K. Pasternak, 1976. Hydrobiologia — limnologia. 
Warszawa, PWN.

Steinberg Ch., 1977. Schwer abbaubare, stickstoffhaltige gelöste organische Subs­
tanzen im Schönsee und in Algen Kulturen. Arch. Hydrobiol., Suppl., 53, 48 — 158.

Taust Μ. I., 1968. Zakonomernosti pojavlenija ingibirujuščich rost veščestv v kultu­
rach Chlorella sp. K. i vozdejstve na etot process sopustvujuščej bakterialnoj mi­
kroflory. Fizjologija Rastenij, 15, 665—673.

Täuscher L., 1980. Bemerkungen zu endo- und epiphytischen Algen von Microcystis 
Kütz. im Grossen Müggelsee. Limnologica 12, 313—314.

Turoboyski L., 1970. Listy organizmów wskaźnikowych najczęściej spotykanych 
w wodach powierzchniowych Polski. Mat. Bad., IGW, 5, 2, 1—78.

Zygmuntowa J., 1972. Występowanie wolnych aminokwasów w wodzie stawowej 
— Occurrence of free amino acids in pond water. Acta Hydrobiol., 14, 317—325.

http://rcin.org.pl


