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Toxic cyanobacteria (blue-green algae) found in eutrophic, municipal and
residential water supplies are an increasing environmental hazard in several
parts of the world (Carmichael 1992, 1994; Rao et al. 1994; Rao and
Bhattacharya 1996; Rao et al. 1998; Dawson 1998) . Cyanobacteria produce
lethal toxins, and domestic and wild animal deaths are caused by drinking water
contaminated by these toxins (Chorus et al. 2000; Hitzfeld et al. 2000). The
toxins produced by cyanobacteria include alkaloid neurotoxins and peptide
hepatotoxins viz. microcystins and nodularin. Among the species causing death
of livestock, blooms of Microcystis aeruginosa are the most common. More than
60 microcystins have been isolated to date and they are the most abundant
cyanobacterial toxins. Hazards to human health may result from chronic
exposure via contaminated water supplies. Microcystins are powerful tumour
promoters and inhibitors of protein phosphatase 1 and 2A and they are suspected
to be involved in the promotion of primary liver cancer in humans (Bell and
Codd 1994; Nishiwaki-Matsushima et al. 1992). Recently, there were reports on
the death of 50 patients in Brazil due to the presence of microcystin in the
water used for haemodialysis (Jochimsen et al. 1998; Pouria et al. 1998).
Cyanobacteria can undergo rapid growth under certain environmental conditions
to form blooms in marine, brackish and freshwater bodies. The environmental
or abiotic factors which are known to influence toxic bloom formation are;
temperature, pH, light intensity, and nutrient concentrations especially nitrogen
and phosphorous levels (van der Westhuizen and Eloff 1985; Sivonen 1990;
Hee-Mock Oh et al. 2000). These factors are also known to influence toxin
production in laboratory cultures of several cyanobacteria (Codd et al. 1989).
More information is needed on physical, physiological and genetic factors which
regulate the toxin production by cyanobacteria in order to understand the
dynamics of toxic blooms in nature .

The aim of the work described here was to study the toxin production and
toxicity in relation to (a) nutrient media , (b) culture duration and (c)
growth characteristics of Microcystis aeruginosa (PCC 7820) cells grown in
static batch cultures .

MATERIALS AND METHODS

The axenic cultures of Microcystis aeruginosa (PCC 7820) used in the present
study were obtained from Pasteur Culture Collection, Institute Pasteur, France.
In all growth experiments 300 ml of culture medium were placed in 750 ml
Erlenmeyer flasks. Static batch cultures were maintained for different culture
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durations at a controlled room temperature of 25+2°C at 1000 lux light intensity
and 16 h photoperiod. Replicate cultures were maintained without agitation and
aeration. The growth of M, aeruginosa in batch cultures was compared in four
different chemically defined media, viz. MA (Ichimura 1979), B12 (Nakagawa
etal. 1987), A;M; (Carmichael et al. 1988), and CB (Shirai et al. 1989) . Cells
from stock cultures were inoculated at a concentration of approximately 5 x 10°
cells/ml, Cultures were maintained for up to 7 weeks. The cells were harvested
at weekly interval by centrifugation and lyophilized. Growth characteristics were
studied in terms of cell count as determined by haemocytometer and the
chlorophyll-a (chl-a) content according to the method of Hassmann (1973). The
biomass increase between weekly intervals (0-7 weeks) was calculated as the
specific growth rate/week (p) according to the formula: Specific growth rate
(pw'l) = In (X5/Xq) / (ty-ty) where X, was the cell number at the end of a
selected time interval (1-7 weeks); X4 was the cell number at the beginning of
a selected time interval ( 0 day), and (t;-ty) was the time elapsed between
selected time intervals. The macromolecular composition of the cultured cells was
determined in terms of total protein, carbohydrate, and lipids (Kochert 1978b).

The bioassay for toxicity was carried out as described earlier (Rao et al. 1994).
Acute toxicity was measured in terms of mouse units (Berg and Soli 1985),
which represented the minimum dose required to kill a 20 g mouse in four hours
by intraperitoneal administration. Log concentrations were examined to arrive at
the mouse unit and expressed as mouse units/g of dry cells. For experiments on
the effect of media on toxicity, the culture duration for the individual media was
selected on the basis of the highest chl-a content. The effect of culture duration
on toxicity was determined using cells grown in MA medium for 1-6 weeks.
Microcystin content in the cultured cells was determined by HPLC according to
the method of Harada et al. (1988). Dried cells (about 100 mg) were extracted
three times with 10 ml of 5% acetic acid for 30 min while stirring. The extract
was centrifuged at 9300 X g and the supernatant was applied to activated C18
cartridge. The cartridge was rinsed with water, and eluted with 10 ml of
methanol. The methanol fraction was dissolved in 1-5 ml of methanol and 10 pl
of the solution was injected into a high performance liquid chromatograph
equipped with a constant-flow pump and a variable wavelength U.V. detector
operated at 238 nm. The separation was performed on Polygosil C18 column
(150 x 4.0 mm) with methanol, 0.05% trifluoroacetic acid-water (11:9) at 2
ml/min flow rate. The toxin content was quantified by using purified
microcystin-LR standard.

The data presented in Table 1 was analysed by two way analysis of variance
with Student Newman Keul's multiple range test for finding the significant
difference between various media and time periods. A probability of < 0.05 was
taken as significant. For the statistical analysis a SigmaStat program (Jandel
Scientific Corporation, U.S.A.) was used.

RESULTS AND DISCUSSION

The first set of experiments were carried out to compare the growth
characteristics of M. aeruginosa in four different media at various culture
durations. The results on cell count, chl-a content and specific growth rate/week
for different duration are summarised in Figure 1. The exponential growth was
initiated at week 2 for MA, CB and B12 and reached maximum cell number at
sixth week in MA and CB and fourth week in B12 (Fig 1A). But in AzM,
medium it was initiated at week 4 and reached maximum at week 6. In B12
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Figure 1. The growth characteristics of M. aeruginosa cells grown in
batch cultures in different media and duration.
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medium there was no significant difference in cell density from 2-5th week.
Unlike MA and CB, there was notable decrease in cell number at 7th week in
A3M- and B12 media. The chl-a content of cells grown in all the media showed
2 to 5 fold increase between week 1 and 2 (Fig. 1b). The chl-a content increased
with duration till sixth week in all the media except B12. A sharp decline in chl-a
content was noticed in all the media at 7th week. The specific growth rate/week
was highest during first week in all the media and declined with duration.There
was no significant difference with media and culture duration in subsequent
weeks,

The macromolecular composition of cells grown for 1-6 weeks is summarised in
Table 1. Total carbohydrate level showed culture duration dependent increase in
all the media. But in terms of carbohydrate content cells grown in MA and CB
media showed highest concentration at week 5 and 6 as compared to A;M; and
B12 media. Similar profile was observed with respect to protein content
of cultured cells. In all the four media there was significant increase in protein

Table 1. Effect of culture media and duration on macromolecular composition
of Microcystis aeruginosa cells grown in static batch cultures.

Duration Culture media

(Weeks) MA CB A;M- B12
CARBOHYDRATES*

1 11.1 + 0.42P 10.3 + 0.39P 3.1 + 0.222 16.0 £ 0.53¢
2 23.1 + 1.87¢ 10.6 + 1.08%° 5.3 + 0.82°2 16.2+ 3.60P
3 25.3 + 0.78P 26.2 +1.53°  15.3 + 1.282¢ 14.0 + 1.382
4 128.1 + 4,49 32.1 +1.649  20.9 + 0.93¢ 12.1 £ 1.47°
5 1925+ 4.81P 201.2 +2.16°  42.4 + 0.88° 75.0 + 5.30°
6 327.0 + 3.39¢ 283.5 + 1.69P 39.3 + 0.91° 43.6 £ 2.198
PROTEINS

1 10.9 + 0.209 9.5+0.38¢¢ 34 +0.132 7.4 + 0,18
2 27.5 + 1,434 13.3 + 0.45P 4.2 +0.392 17.8 + 2.42¢
3 59.5 + 2.454 39.1 + 1.16¢ 10.9+ 0.312 18.2 + 4.81°
4 113.9 + 4,15°€ 91.9 + 2.67 35.0 + 1.75° 31.0 + 4.81°
5 128.5 % 6.68¢ 113.3 + 2.30° 80.4 + 5.14P 34.9 + 6.22°
6 193.2 + 2.454 156.2 + 2.52¢ 137.5+ 2.21P 63.5 £ 0.312
LIPIDS

1 326.8 + 3.22P 301.2 £ 6.34%  303.5 £ 2.53° 379.3 + 1.02°
2 523.2 + 1.65° 537.5 + 4.502 569.5 + 2.06° 534.5 + 5,692
3 563.7 +£7.982 576.5 £ 3.302 565.0 £11.90° 741.5 +9.10P
4  657.5 +6.29° 662.5 + 4.78°  580.0 + 4.082 594.5 +4.85°
5 640.0 + 4.08¢ 657.5 + 4.78° 617.5 + 10.1P 580.0 + 4.08°%
6 726.5 + 3.59P 720.0 + 4.08®  760.0 + 3.55¢ 580.0 + 5.77°

*In pg/ml of cells.
Values are mean = SE of four replicates. In each row means followed by the

same superscript are not significantly different at p > 0.05 by Student Newman
Keul's multiple range test.
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content in cultured cells with duration reaching maximum by sixth week. The
protein content was highest in MA medium followed by CB, A3M, and B12.
Unlike carbohydrate and protein, the lipid content was similar in the four media.
Except B12 medium where lipid content reached highest on week 3 in the other
three media there was duration dependent increase in concentration.

The relative toxin content in cultured cells was determined in terms of mouse
units/g cyanobacterial cells. The effect of media on toxicity is shown in Figure
2a. The duration for a given media was selected on the basis of highest chi-a
content which was six weeks for MA, CB and A3M- and 5 weeks for B12. The
mouse units varied from 800-2500/g of dry cells. The highest toxicity was
observed in MA medium followed by CB, A;M- and B12. For the effect of culture
duration (1-6 weeks) on toxin content, MA medium was selected (Fig. 2b). There
was nearly two fold increase in toxicity after two weeks of growth. No increase
in toxicity was observed from 3-6 weeks. The microcystin-LR content
quantitatively estimated by HPLC for cells grown in the four media and different
duration are summarized in figure 2c and 2d. The toxin content varied from
1.3 -3.0 pg/mg dry cells. Similarly cells grown in MA medium for 1-6 weeks
showed marginal increase in toxin content with culture duration.

The effects of several environmental factors on growth and toxin production of
cyanobacteria have been studied in batch and continuous culture. The important
factors influencing toxin production include nutrients, pH, light, temperature and
culture age. Many reports have noted the variable toxicity of samples from
cyanobacterial (blue-green algal) water-blooms with regard to site, season, week
or even day of collection ( Codd and Bell 1985). However, information regarding
microcystin production related to the nutrient status in celis or in ambient
circumstances is still insufficient.

In this study we evaluated the effect of four culture media viz. MA, CB, AzM,
and B12 and different culture duration on growth characteristics,
macromolecular composition and toxicity in batch cultures of a microcystin
producing strain of M. aeruginosa (PCC 7820). We did not test the effects of
varying temperature, light, pH or aeration. The culture medium influenced
growth in terms of cell count and chl-a content. The macromolecular
composition of cultured cells viz. carbohydrate, protein and lipid showed
significant variations due to media and culture duration. The effect of interactions
due to media and duration was also significant. These results indicate a clear
influence of culture media on biomass growth, chl-a content, and macromolecular
composition in interactions with culture duration.

Our results concerning the effect of various media on toxicity have shown that
cells grown in MA medium produced maximum toxicity followed by CB, A3M,
and B12 in decreasing order. Microcystin-LR concentration in cultured cells in
different media and duration varied from 1.3-3.0 pg/mg dry cells. There was only
marginal increase in toxin concentration with duration. This variation may be
attributed to differences in the composition of the media and in growth
parameters. Toxicity of cells grown in MA medium increased significantly at
week 3 and remained constant till week 6. There appears to be a positive
correlation with increase in chl-a content to toxin content . Carmichael et al.
(1988) showed that toxin production in Nodularia spumigena did not parallel
the biomass increase but correlated with chl-a content. With additional nitrogen
both chl-a content and toxin content increased. These results indicate that toxin
production might be closely related to the primary energy processes of the cell.
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Figure 2. Effect of culture media and duration on toxicity (a,b) and toxin
content (c, d) in batch cultures of M. aeruginosa.

The role of toxins in cyanobacteria is still not understood. Microcystins, the
potent inhibitors of protein phosphatases, have been suggested to act as
protective compounds against grazing zooplankton or as intracellular chelators
inactivating free cellular Fe2t (Utkilen and Gjglme 1995), or to have some
specific cell regulatory function . It is still not understood as to why some
species of certain cyanobacteria produce toxins whereas others do not. It is not
known whether there are environmental factors which convert a non-toxin
producing organism into a toxin producer. Hee-Mock Oh et al. (2000) showed
that phosphorus was an important factor in the control of both the production of
microcystin and the type of microcystin produced. Reduction of phosphorus in
eutrophic waters may lower the growth and microcystin producing rate of
M. aeruginosa, resulting in the reduction of toxic bloom formation. In conclusion,
the present investigation demonstrates the definitive effect of media composition
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and culture duration on growth, macromolecular composition and toxicity of
M. aeruginosa in laboratory conditions. The mechanism behind the differences
in toxicity is not fully understood . More detailed studies on various factors
influencing toxic bloom formation and degradation would be useful in
understanding the effects of toxins in relation to human activities and use.
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