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The authors follow the removal of fungal contaminants in algal cultures by nystatin,
actidione, pimaricin and mucidin. Effects of these antibiotics were tested against eight
fungal species which were isolated from the algal cultures. The best results were obtain-
ed when mucidin or pimaricin was applied. The concentration of antibiotics which did
not affect the algae but limited the fungal growth was estimated. The suitable con-
centration of mucidin was 2 pg/ml and that of pimaricin 10 pg/ml. The retardment
of fungal contamination often resulted in rapid growth of bacterial contaminants.
Bacteria were usually removed by ampicillin in concentration of 1000 pg/ml. The
routine method for purification of the algal cultures is described and discussed.
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INTRODUCTION

A serious problem in laboratory cultivation of algae is the obtaining and
maintenance of the pure axenic cultures. Such cultures are necessary not
only for precise biochemical, physiological or genetic studies but also for the
observation of morphology, development and the utrastructure of algae.

Many ways of algal cultures purification have been described. The old
methods which are the most delicate from the biological point of view (thin
smears, dilution, washing and others) are successful only to a certain extent.
The mechanical purification is promoted by the relatively complicated
application of ultrasound (Browx~ et BisrHorr 1962). The germicidal UV light
shows a mutagenic effect (NuCas 1973). The treatment by different bacterio-
static substances (e.g. potassium telurite, benzalconicum chloride and bengal
rose) has only a limited utility.

Since 1951 many experiments with application of different antibiotics
in algal cultures axenisation have been made (ProvasoLI et al. 1951, Droop
1967, JoNES et al. 1973). The authors tested a large set of antibiotics, mostly
with regard to the removal of bacterial contaminants. Less attention has
been given to fungal contamination, though the fungal influence on the algal
growth seems to be more expressive than that of bacteria.

The choice of an antibiotic should be considered from the point of view
of its effect on eucaryotic cells. This, of course, limits the possibility to use
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Tab. 1. — List of algal cultures and their contaminants

Algal culture Contamination

Corcontochrysis noctivaga KALINA bacteria
Ankistrodesmus spiralis (TURNER) LEMMERMANN  Penicillium notatum WESTL.
Coccomyza simplex MAINX Aspergillus nidulans (Expam) WINT.
Coelastrella striolata CHODAT var. corcontica

HAVRANKOVA et KALINA bacteria
Coelastrella striolata CHODAT bacteria
Coelastrum sp. Tritirachium album LIMBER -+ bacteria
Eremosphaera gigas (ARCHER) ForT ot KaLINA Aspergillus versicolor (VUrLL.) TIRABOSCHT

-+ bacteria

Gloeocystis maxima MAINX Acremonium kiliense GrR(CTz -+ bacteria
Chorella vulgaris BEITERINCK var. vulgaris Penacillium sp. -+ bacteria
Chlorococcum humicolum (NAEG.) RABENH. Acremonium kiliense GRUTZ
Chorococcum echinozygotum STARR Paecilomyces sp. + bacteria
Chlorococcum vacuolatum STARR Acremonium kiliense GRUTZ
Chlorococcum wimmeri RABENHORST Paecilomyces sp.
Mougeotia sp. Pacilomyces sp. -+ bacteria
Oocystis solitaria WiTTROCK f. major WILLE Penicillium notatum WESTL. - bacteria
Pediastrum duplex MEYEN Paecilomyces sp. + bacteria
Pteromonas sp. Paecilomyces sp.
Scenedesmus brasiliensis BoHLIN bacteria
Scenedesmus brasiliensis BoHLIN Actinomycetes -t- bacteria
Scenedesmus denticulatus LAGERH. bacteria
Scotiella sp. Verticillium lecanii (ZimM.) VIEGAS
Dunaliella acidophila (KALINA) MASJUK Cladosporium sp.
Stigeoclonium sp. Actinomycetes + bacteria

Tetraedron platyisthmum (ARCHER) G. S. WEsT  Adcremonium sp.

the large spectrum of antibiotics, and allows the application only of such
preparations that are either harmless or do not cause genetical changes in algal
cells.

MATERIALS AND METHODS

1. Cultures of algae and their contaminants

The contamination was followed in 24 cultures selected at random from the culture collection
of the Department of Botany, Faculty of Science, Charles University, Prague. This number
of species represents approximately 89, of the total collection. A list of the cultures and their
contaminants will be found in Tab. 1. It is apparent from the table that the cultures of green
algao (orders Volvocales, Chlorococcales, Ulotrichales, Zygnematales) were studied. Only Corconto-
chrysis noctivaga belongs to the class Haptophyceae. A survey of fungal contamination from the
point of view of taxonomy and ecology has been published (BEpNAROVA et FassarrovA 1976,
in press).

2. Media

For cultivation of algae the medium ERB (Kavina 1975) was used. For its modifications
the following abbrevitions are used:

ERB PG 1 contained: 0.05 g/l peptone and 0.05 g/1 glucose.

ERB PG 2 contained: 0.5 g/l peptone and 0.5 g/l glucose.

Fungi were cultivated on Sabourad’s glucose agar, Czapek-Dox agar and oat-meal agar.
The medium for diffusion plate test was that described by REHACEK (1958).

3. Antibiotics and their brief characteristics

Actidione. An antifungal antibiotic produced by strains of Streptomyces griseus (ForD et
LeacH 1948). Characteristic of this antibiotic is the broad spectrum against fungi and no effect

260



against bacteria. Mode of action is the inhibition of DNA synthesis and protein synthesis (GorT-
LIEB et SHAW 1970). PALMER et MALONEY (1955) found that blue-green algae are resistant to high
concentrations of actidione, the growth of green algae and diatoms being inhibited by concentra-
tion of 50 pug/ml and lower. The cell division of Haematococcus lacustris is influenced by concentra-
tion of 0.016 —0.032 pg/ml.

Preparation used: Actidione Upjohn, cryst.; soluble in water and aleohol.

Nystatin. An antifungal antibiotic produced by Streptomyces aureus (RAUBITSCHEK et al.
1952). The antibiotic is active against many fungi but no significant influence on bacterial cells
was observed (BRowxN et Hazen 1957). Nystatin as a polyene antibiotic affects membrane permea-
bility (GoTTLIEB et SHAW 1970). Blue-green algae are resistant up to the concentration of 200
ug/ml, green algae are sensitive to the concentration of 2—50 ug/ml (HuNTER et McVEIGH 1961).
LaMPEN et ArNow (1961) observed similar sensitivity in Euglenophyceae, Chrysophyceae and
Xanthophyceae.

Preparation used: Mycostatin Squibb, powder; soluble in water and ethanol.

Pimaricin (natamycin). A polyene antibiotic produced by Streptomyces natalensis (STRUYK
et al. 1958). EBrINGER (1972) found that the lethal concentration for Euglena gracilis is 25 g /ml

Preparation used: Pimafucin Mycofarm Delft, 2,59, sterile water suspension or the ointment

(200 pg of pimaricin/g.) The antibiotic is separated from the ointment by its dilution in mixture
ethanol-ether 3 : 1. Pimaricin is not soluble in water or ethanol.

Mucidin. A new antifungal antibiotic produced by the basidiomycete Oudemansiella mucida
(MusiLex 1965, MusiLex et al. 1969). In comparison with nystatin and pimaricin, mucidin
proved to be more active against 19 fungal species tested (SASEK et MusiLeEx 1974a). In filamen-
tous fungi and yeasts, mucidin induced morphological changes (Sa$ek et MusiLek 1974b, c).
S~EJDAR et al. (1973) describe the alterations in ultrastructure of the yeast Candida pseudotropica-
lis. The effect of mucidin on algae was not followed.

Preparation used: Mucidin cryst. 989,; Research Institute of Antibiotics and Biotransforma-
tions, Roztoky (batech 270169). Soluble in ethanol.

Ampicillin. An antibacterial antibiotic which inhibits the synthesis of mucopeptides in the
cell wall. Compared to penicillin, ampicillin (aminobenzylpenicillin) shows broader spectrum
of activity. The effect is on gram-positive as well as gram-negative bacteria.

Preparation used: Penbritin cryst.; Beecham Research Laboratories; soluble in water and

ethanol.

4. Estimation of activity of antibiotics on isolated fungal

contaminants

Antibiotic sensitivity of individual fungal species was tested by diffusion plate method as
modified by Sa$ex and MusiLek (1974c). The fungus was cultivated on SABOURAUD agar slants
for 7 days. The myeelium with spores was dispersed in § ml of 0.19;, Tween 80 and 2 ml of the
suspension was used for surface medium inoculation. The solution or the suspension of the anti-
biotic in ethanol was applied into the wells in the agar plate in amount of 1 ug and 10 pg per well.
The effectiveness of the antibiotic was estimated by the diameter of inhibition zones in mm.

5. The influence of pimaricin and mucidin on the algal cell

morphology

The algae were cultivated on ERB medium in test tubes in daylight at room temperature.
After several days of cultivation the ethanolic solution of antibiotic was added, its final concentra-
tion in medium being 2 ug/ml and 10 ug/ml, respectively. Control cultures were grown on medium
with 19 ethanol. The samples were taken in regular intervals and examined microscopically.
Photographs were made using a NfpK (Zeiss, Jena) microscope and an automatic F'CM (Meopta)

camera.
6. The influence of pimaricin and mucidin on the growth of

algae

Algal suspension (1 ml) was inoculated into a test tube with 9 ml of ERB medium. After
several days of cultivation the ethanolic suspension of the antibiotic was added into 10 test
tubes, the final concentration in medium being 2pg and 10 pg/ml, respectively. The second set
of 10 test tubes — the control one — contained the ERB medium with 19, of ethanol. The
growth was estimated as a change of extinction in 680 nm measured by a Specol spectrophoto-
meter with extinction attachment for test tubes ER 1. The difference of growth curves was

calculated by Mupra’s (1952) modification of t-zest.
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7. Estimation of the effect of pimaricin and mucidin on fungal
spores concentration in algal cultures

The contaminated algal culture was inoculated into an Erlenmeyer flask with ERB PG 1 medi-
um. Ethanolic suspension (0.1 ml) of antibiotic was added to the resulting volume of 9.9 ml, the final
concentration in medium being 10 pg/ml. In one set of experiments another dose of antibiotics
was added after 12 days of cultivation. The cultures were grown in daylight at room temperature.
The changes of spore concentration were estimated by spreading of 0.2 ml of culture on medium
ERB PG 2 in Petri-dish. The samples were taken after certain intervals from each culture in

3 parallels. The number of spores was counted according to the number of colonies grown up
within 48 hours.

RESULTS

1. The effectiveness of antibiotics on the isolated fungal con-
taminants

The influence of nystatin, actidione, mucidin and pimaricin was estimated
by the diffusion plate method in eight fungal species isolated from algal
cultures. The results are summarized in Tab. 2. Actidione, nystatin and

Tab. 2. — Effect of antibiotics on the isolated fungal species. The numbers indicate the diameter
of inhibition zones (in mm) after 48 hours; indistinet zones in parentheses.
Mucidin Nystatin Pimaricin Actidione
Fungi
lug 10pg lpg  10pg  lug  10ug lpg  10pg
Penacillium notatum 52 64 0 20 0 25 0 16
Paecilomyces sp. 16 18 0 20 0 26 (1] 0
30) (42 (17 (15) (25)  (37)
Acremontum sp. 0 16 0 16 0 27 0 20
(30) (38) (18) (28)
Aspergillus versicolor 0 0 0 0 0 0
(30) (29)
Aspergillus nidulans 25 39 0 16 0 75 0
(15)
Acremontum kiliense 14 28 0 17 0 28 0
(15)
Penicillium sp. 34 47 0 21 0 30 0
(24)
Verticillium lecanti 19 28 0 17 0 29 0 0

pimaricin in the dose of 1 pg are ineffective, whilst the same dose of mucidin
inhibits growth of seven fungal species; only Aspergillus versicolor is not
inhibited by mucidin.

The dose of 10 pg of mucidin inhibits the growth of all fungal species tested
except for Aspergillus versicolor. Pimaricin gives similar results, the inhibition
zones against Aspergillus versicolor being inexpressive. In total, the inhibition
zones induced by mucidin were larger than that of pimaricin; nystatin and
actidione were less active than pimaricin. In view of these results, mucidin
and pimaricin were chosen for the following experiment.

2. The effect of pimaricin and mucidin on the morphology
of algal cells

Observations on the morphology of the algal cells were made simultaneously
with the estimation of the growth curves.
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Tab. 3. — Effect of antibiotics on the cell size of Coelastrellia striolata CHODAT var. corcontica
HavrANKOVA et KariNa. — The table shows the relation between autospores or young cells
(size 5—7 um) and mature vegetative cells (size 7—12 pum); the abnormal cells grow up from
12,1 —19.0 pm.

Percentage of the cells of the given size in culture

Antibiotic Cells

tr((eszr:;nt (mrzrc:) Control Pimaricin Mucidin
N e 10 pm/ml 10 p/ml

3 5.0—-7.0 50.0 45.0 16.4

7.1—-12.0 50.0 55.0 77.9

12.1-19.0 0 0 5.7

14 5.0—-7.0 51.5 51.5 15.1

7.1—-12.0 48.5 48.5 79.2

12.1—19.0 0 0 5.7

27 5.0—7.0 36.0 43.9 34.8

7.1—12.0 63.0 56.1 58.4

12.1—-19.0 1.0 0 723

The following species of chlorococcal algae were studied:

Tetraedron caudatum (Corna) Hansa., strain RUZ1Cka 1962/18
Chlorococcum humicolum (NAEG.) RABENH.

Scotiella sp., strain Kariva 1966/1

Coelastrella striolata CHODAT var. corcontica HAVRANKOVA et KALINA, strain

KarLina 1967/9; (a paper on this variety is now under preparation).

Morphological changes caused by pimaricin (shrinking of the protoplast
and disintegration of the chloroplast) were observed only in Chlorococcum
humicolum. On the contrary, in Coelastrella striolata var. corcontica a con-
centration of 10 ug/ml of pimaricin induced no morphological changes even
after 27 days of cultivation.

Mucidin in concentration of 2 pg/ml brings about some morphological
changes but its effect is more evident when concentration of 10 pg/ml is used.
With this concentration the decrease of young cells in population after three
days of cultivation is evident (Tab. 3). Some morphological changes are
shown on Plate XI. Generally, mucidin induces separation of the protoplast
from the cell wall, vacualization and cell rupture. Different light refracting
bodies appear in the cells, some of them relatively big in size. They are mostly
deposited between the cell wall and protoplast. After 27 days of cultivation
479, of dead cells were observed.

After 26 days of incubation in the presence of antibiotic 0.2 ml of the cul-
ture was spread on the ERB agar. After 20 days of cultivation, whole surfaces
of all dishes were covered by the growth. Less extensive growth was observed
in cultures treated by mucidin. No morphological changes were observed
in these cultures.

3. The effect of antibiotics on algal growth

The growth curves of algae which are incubated in the presence of mucidin
or pimaricin are shown in Figs. 1 and 2. The individual values represent the
ratio of 10 extinction measurements at 680 nm.
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Fig. 1. — The effect of pimaricin on the growth of chlorococcal algae. - a: Tetraedron caudatum

(CorpA) HaNsG. b: Coelastrella striolata CHODAT var. corconticea HAVRANKOVA et Karina.
c: Scotiella sp., strain KALiNA 1966/1. d: Chlorococcum humicolum (NAEG.) RABENH. — 1 — control
culture with 19 of ethanol in medium; 2 — culture with pimaricin (2 pg/ml); 3 — culture with
pimaricin (10 ug/ml). The arrow indicates the time of antibiotic addition.

Pimaricin (Fig. 1) in concentration of 2 pg/ml influenced the growth only
very slightly. The only evidence of extinction decrease was registered in
Chlorococcum humicolum. On the contrary, the growth rate of Coelastrella
striolata var. corcontica was slightly higher in the presence of the antibiotic.
Pimaricin in concentration of 10 ug/ml decreased slightly the growth of algae.
A seven days’ growth stagnation was estimated in Chlorococcum humicolum.

Mucidin (Fig. 2) in concentration of 2 pg/ml also influenced the growth
very slightly. Shortly after the addition of the antibiotic, a growth stagnation
lasting 2— 3 days was registered. Mucidin in concentration of 10 pg/ml caused
a growth retardation which was the most expressive in Corlastrella striolata
var. corcontica and in Tetraedron caudatum.

A study of the influence of both antibiotics on some chlorococcal algae
demonstrates that mucidin, especially in concentration of 10 pg/ml, induces
the most pronounced changes in the morphology as well as in the growth
rate of algal cells. The effect of pimaricin was less expressive. With regard
to the algal species the effect of both antibiotics was different. For instance,
in Chlorococcum humicolum the effect of pimaricin was distinct, whilst mucidin
was not effective.
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Fig. 2. — The effect of mucidin on the growth of some chlorococcal algae. — a: Tetraedron
caudatum (CorpA) HANSG. b: Coelastrella striolata CHODAT var. corcontica HAVRANKOVA et KALINA.
c: Scotiella sp., strain Kavina 1966/1. d: Chlorococcum humicolum (NAEG.) RABENH. — 1 — control

c ulture with 19, of ethanol in medium; 2 — culture with muecidin (2 yg/ml); 3 — culture with
mucidin (10 ug/ml).

4. The effect of pimaricin and mucidin on the concentration
of fungal spores in the algal culture

Results of this study are summarized in Fig. 3. Each point of the curves
which determines the number of fungal spores in 1 ml of the algal suspension,
represents the average of five parallels. The full points indicate the simul-
taneous presence of bacteria.

The various experiments show the relationships among algae, fungi and
bacteria after antibiotics application. The direction of the curves indicates
the fungal spore concentration as well as the most suitable time for pure
algal culture isolation.

For the inhibition of the fungus Acremonium kiliense in the culture of
Chlorococcum humicolum, the antibiotic mucidin in concentration of 10 pug/ml
was used (Fig. 3a). The highest decrease of fungal spores was observed after
12 hours of incubation and the low spores concentration increased but the
growth of bacteria simultaneously decreased.

Cladosporium sp. causing the infection in Scotiella sp. (Fig. 3b) is very
sensitive to mucidin (concentration 10 pg/ml). Maximal decrease of spore
concentration appeared after 6 hours of incubation and the low spore con-
centration persisted till the end of the experiment. When pimaricin was
applied the spore concentration decreased gradually and the minimum was re-
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Fig. 3. — The effect of antibiotics on the fungal spores concentration in algal cultures. — a: Acre-

monium kilitense GRETz in culture of Chlorococcum humicolum (NAEG.) RABENH. b: Cladosporium
sp. in culture of Scotiella sp., strain HoLuBcovA 63/1. ¢: Chaetomium sp. in culture of Scotiella sp.,
strain HoruBcovA 63/1. d: Penicillium notatumn HESTL. in culture of Oocystis solitaria WITTR.
f. major WILLE; second dose of pimaricin added (arrow). — C — control; 10 P — 10 pg/ml of
pimaricin; 20 P — 20 pg/ml of pimaricin; 10 M — 10 pg/ml of mucidin; 20 M — 20 pg/ml of
mucidin. The dots indicate the simultaneous presence of bacteria.

ached after 98 hours of cultivation. No bacteria were observed throughout
the experiment.

Chaetomium sp. in the culture of Scotiella sp. (Fig. 3c) showed almost the
same sensitivity to pimaricin and to mucidin (concentrations of 10 pg/ml).
With mucidin, the minimum concentration of spores was after 6—12 hours
of incubation, with pimaricin after 12—24 hours. No fungal spores appeared
in prolonged cultivation. No bacteria were observed throughout experiments.

Penicillium notatwm in the culture of Oocystis solitaria WiTTR. f. major
WiLLie (Fig. 4) is less sensitive to mucidin in concentration of 10 pg/ml.
The minimal spore concentration was after 6 hours of incubation, after which
the spore number increased. In Fig. 4, curve 20 M indicates the results of
another dose of mucidin after 12 hours; the decrease of spore concentration
is evident. Bacteria were observed only when fungal spore concentration
was minimal.

Fig. 3d shows the effect of pimaricin on Pentcillium notatum in culture
of Oocystis solitaria. Pimaricin brings about slow spore decrease; minimal
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concentration was after 50 hours of cultivation. A new dose of pimaricin
(10 pg/ml) after 12 hours caused further spore concentration decrease.

The experiments described indicate that the effect of the antibiotics varies
from one fungal species to another. Generally, the effect of mucidin is rapid
but the spore decrease is short-term, whilst the effect of pimaricin is rather
slow but long-lasting. The addition of a new dose of the antibiotic (e.g. after

Number of spores in I mi

s & 0w
Time of cultivation (hrs)

Fig. 4. — The effect of mucidin on the concentration of spores of Penicillium notatum WESTL.
in the culture of Oocystis solitaria WITTR. f. major WILLE; second dose of mucidin added (arrow). —
C — control; 10 M — 10 yg/ml of mucidin; 20 M — 20 pg/ml of mucidin. — The dots indicate
the presence of bacteria.

12 hours) can be advantageous, resulting in an additional fungal spore
decrease. However, tolerance of the algal culture to this antibiotic concentra-
tion is important.

Mucidin as well as pimaricin cause only rarely a total disappearance of
fungal spores. Some spores still remain in the algal population. The minimal
spore concentration is the most suitable period for the isolation of a pure algal
culture.

An interesting correlation between bacteria and fungi was observed.
Bacterial infection increased rapidly when the fungal spore concentration
was minimal. It is not clear whether this is a nutritional competition or an
inhibition by fungal metabolites. A simultaneous removal of fungal as well as
bacterial contamination is important from the point of view of the algal
cultures purification.

5. Purification of contaminated algal cultures

The first step is the rough estimation of the contaminant. For the removal
of bacteria, the use of ampicillin in concentration of 1000 pg/ml is recommend-
ed. When fungal infection is also present, the mixture of ampicillin (1000 pg,
/ml) and pimaricin 10 pg/ml) is suitable. Antibiotics are freshly prepared as
water solution and suspension, respectively.

The following procedure for the algal collection purification is proposed:

a) Into Erlenmeyer flask (25—50 ml), 8 ml of sterile ERB PG 1 solution,
1 ml water solution of ampicillin (10 000 pg/ml), 0.1 ml of pimaricin (100
pg/ml) and 1 ml of algal cells suspension (density 3000—5000 cells/ml)
is added. The culture is incubated under light at room temperature.

b) After 24, 48, 72 (exceptionally 96) hours, 0.2 ml of algal suspension is
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spread over agar medium ERB PG 2 in Petri dish. All work is done aseptically
in Hansen chamber with UV light.

¢) The cultures on dishes are exposed to day-light or artificial light.
During the checks after 12, 24 and 48 hours the following situations usually
oceur:

1) Inoculation (24 hours of artibiotic treatment) — dense growth of contaminants all over
the dish.
2) Inoculation (48 hours of antibiotic treatment) — mostly dense cover of contaminants but

sometimes it is possible to pick up the pure algal colony.

3) Inoculation (48 hours of antibiotic treatment) — usually the most suitable for algae isola-
tion; colonies of fungi are rare, bacteria are absent.

4) Inoculation is not usually necessary and, moreover, mostly not practicable because of
progressing fungal spore concentration.

d) The pure algal colonies are picked up under preparative microscope
in Hansen chamber. Using a platinum needle, the pure colonies are trans-
ferred in ERB PG 2 agar medium in the Petri dish. The visual control of
purity is done after 2, 3 and 4 days of growth.

e) The pure algal cultures are transferred into test tubes with ERB agar.

After some training and skill, the repetition of the procedure is not reason-
able for the same culture. The possible failure is due to the low sensitivity
of the fungus to the antibiotic or high sensitivity of the algae.

DISCUSSION AND CONCLUSIONS

The algal cultures of the collection of the Department of Botany proved
to contain fungal contaminants and bacteria. It is interesting to note that
in each individual algal culture mostly one fungal species was detected.
An antagonistic relatlonshlp between bacterial and fungal contamination
was observed.

The contamination could be of different origin. BEDNAROVA et FassaTiovA
(1976, in the press) report that some fungi accompany the algae from the
original source of isolation, the others get into the algal culture in the course
of manlpulatlon in labomtory

The relation between contaminants and algae in culture depends on bio-
logical activity of both. Even though it seems that bacteria in algal cultures
are less harmful than fungi, SCHNEPF et al. (1974) proved that some bacteria
invade the algal cells. In the culture we worked with, the bacterial contamina-
tion was completely removed by means of ampicillin. Successful results were
obtained also in algal cultures producing much of slime (Corcontochrysis).

We did not follow the effect of ampicillin on algal cell. However, the
experiment with the removal of the contamination (Fig. 4) indicates that
algae tolerate ampicillin in concentration of 1000 pg/ml. The treatment of
the cultures of Coelastrella costata, Coelastrella striolala var. corcontica by
ampicillin in concentration 2000—6000 pg/ml showed no effect on the growth
rate.

The problem is, how to remove this contamination reliably in a short time.
We have used many recommended procedures but to no avail. The mechanical
purification is suitable for slightly contaminated cultures. Generally, growth
of algae is much slower than that of fungi. The differences in growth rate
support the expansion of fungal contaminants in algal culture which com-
plicates the culture purification.
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Tab. 4. — Purification of algal cultures

Post-

Contaminant  Antibiotics ~ _‘reatment -

contamina- 5

tion o=

2

Algal culture = = e 3

(listed according to = = 2 2

PrNxcocHAROVA et al., 1975) EY = z é

.5 o %0 ]

2 = 2 3 .8 ©

i 5 & 5 : s g £

E E g i g R %

fea] = < =% joa) = ao] <

Botrydiopsis intercedens D 301 + 1 000 10 += + 9P =

Bumilleriopsis filiformis D 101 - 1 000 10 — — — 4

Carteria lunzensis G 903 + + 1000 5-—-10 — — — -

Chlamydomonas eugametos G 221 - -+ 1 000 10 — - - -

Jhlamydomonas hydra G 215 + + 1000 5-10 — — —

Chlamydomonas eugametos G 218 - + 1000 &5-—-10 — + + -

Chlorella fusca H 1967 - o1 1 000 10 - — = -

Chlorella minutissima H 1924 - 4 1 000 10 — + -+ S

Chlorella vulgaris H 1955 + + 1 000 10 — — + +

Chlorsarcinopsis aggregata J 701 + “+ 1 000 10 &= — — =
Coelastrella stiolata

var. striolata H 3602 + + 2 000 10 — = = +
Coelastrella striolata

var. corcontica H 3603 - — 1 000 — — - -

Coelastrella costata H 3601 + - 4 000 10 — — = +

Corcontochrysis noctivaga D 101 - — 1 000 — — = = +

Dunaliella acidophila G 301 + - 1 000 10 = -+ = ==

Enalax alpinus H 4701 + | 1 000 10 — — — =

Gloeococcus marimus G 601 + - 1 000 10 — — =

Heterothrix solida D 201 - - 1 000 10 — == = =

Neochloris aquatica H 2701 -+ — 1—-2000 10 == == aF =

Scenedesmus costatus H 504 - — 1 000 — = = = i

Scotiella oocystiformis H 4401 + - 1 000 10 - — — -

Spongiochloris excentrica H 2602 - - 1 000 20 — - — +

Spongiochloris spongiosa H 2601 - + 1 000 10 = — - +

The use of antibiotics seems to be one possible approach. Since many
antifungal antibiotics are not produced commercially, we tested both re-
commended and available ones. Actidione and nystatin were shown to be
unsuitable. However, in bluegreen algae which tolerate high concentrations
of these antibiotics (PALMER et MALONEY 1955, HUNTER et McVEIGH 1961),
the situation could be different. Pimaricin and mucidin are more convenient
for algal culture purification but information about their effect on the algal
cells is scarce.

Pimaricin belongs to the polyenie antibiotics which in eucaryotic cells induce changes in
permeability and damage of cell membranes. The sterols seem to be the specific sites in the mem-
branes that are alterated or attached by the polyens. In this respect the binding activity of pima-
iricin is lower than that of nystatin (Raas 1972). The algal cells are affected by pimaricin in dif-
ferent degrees. PERLMAN (1965) reported the inhibition of growth in Scenedesmus by pimaricin
in concentration of 10 pg/ml, whilst in Chlorella the inhibition dose was 1 pg/ml (EBRINGER 1972).
The antibiotic action can be attenuated by the composition of the nutrient medium (LAMPEN
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et al. 1962). It is also necessary to mention the observation of WHIFFEN (1948) and ZEHNDER
et HugHES (19568) that certain concentration of an antibiotic affects the algal cells according
to its suspension-density.

Pimaricin in concentration of 10 pg/ml seems to be less harmless for the
algal cells than mucidin. Pimaricin caused slow but long-term decrease of
fungal spore concentration.

Mucidin is a new antifungal antibiotic and was tested in this algal culture
for the first time. Mucidin caused growth inhibition as well as morphological
changes in algal cells. Similar morphological changes were observed by
SASER et MusiLEK (1974b) in the yeast Candida pseudotropicalis, namely
in the shape and size of the cells. The cells treated by mucidin were larger
and almost sphaerical. We observed the same phenomenon in morphology
of Coelastrella striolata var. corcontica. Other species (Chlorella vulgarts,
Carteria lunzensis, Chlorococcum sp.) were not affected by mucidin in con-
centration 10 pg/ml.

The results obtained by the method described above are summarized
in Tab. 4. From 23 algal cultures purified, 16 pure cultures resulted; in 7
cultures the method was not successful even though the procedure was
repeated and the antibiotic concentration changed. Different sensitivity to
pimaricin of different algal species (see Tab. 4) is not in correlation with the
taxonomic position or the structure of the thallus.

"In several species we observed the bleaching effect. In Botrydiopsis inter-
cedens, Chlamydomonas eugametos, Chlorella minutissima, Gloeococcus maximus
and Neochloris aquatica, the cell bleaching started either in the time of the
first contact with the antibiotic or after the transfer into the normal medium.
In contrast to the results of EBRINGER (1972) in our experiments the bleached
cells stopped their reproduction and perished.

The axenic cultures obtained by the method described do not show any
morphological changes. If in some cases a small number of bleached cells
appeared, they faded away gradually. The described method of the axenisa-
tion of algal cultures is advantageous for many algal species. It is specially
useful when other methods of purification fail.

SOUHRN

Autori zjisfovali moznosti odstranéni houbovych kontaminanti rasovych kultur pomooi
nystatinu, aktidionu, pimaricinu a mucidinu. Utinky téchto antibiotik sledovali u osmi druhi
hub, izolovanych z rasovych kultur. Nejsirsi spektrum pusobeni a nejveétsi tcinek vykazoval
mucidin a pimaricin. Pokusné se podarilo najit vhodnou koncentraci, neskodnou pro rust ras,
ale omezujici rast hub. Mucidin pusobi jiz v koncentraei 2pg/ml, pimaricin v koncentraci 10pg/ml.
Potlaceni houbové kontaminace mélo casto za nésledek rychlé premozeni bakteriadlnich konta-
minanti. Bakterie se podafilo odstranit pomoei ampicillinu v koncentraci 1000 pg/ml. V zévéru
préce je doporucena rutinni metoda ¢isténi rasovych kultur.
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KavriNna. The effect
14 days of
¢, culture treated by

Plate X1. — Coelastrella striolata ("HODAT var. corcontica HAVRANKOVA et
of muecidin in concentration of 10 pg/ml on eell morphology: a, control culture after

cultivation, 1560 < ; b, culture treated by muecidin for 3 days, 1920 < ;
mucidin for 6 days, 1560 ; d, culture treated by muecidin for 14 days, 1560 <.

M. BEDNAROVA, T. KALINA and V. SASEK: Selection and application of antibiotics for
the removal of fungal and bacterial contamination in algal cultures
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