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ABSTRACT

As a result of potential toxin production the blue-green alga Microcys tic
aeruginoca is a serious problem in eutrophic impoundments in South Africa.
This study reports on growth characteristics of 14. aeruginosc. in the
laboratory and is supplemented with field observations. It was found that
M. aeruginosa can grow at a fast rate over a range of light intensities,
giving 1: a competitive advantago over other algae. The alga adapts
physiologically to different light intensities by changinc its gas vacuole
content and pigment composition. At high light intensities there is an
increase in gas vacuole and a decrease In chlorophyll contents whilc the
reverse is true at low light intensities. The pigment and gas vacuole
changes enable M. aeruginoca to grow fast under a variety of conditions and
partly explain the success of this alga in nature.

INTRODUCTION

Toxic blooms of blue—green algae, especially strains of Microcwstis
aeruqinosa, are a potential health hazard. It is therefore important to
havc a better understanding of factors that will promote g~owth and toxin -

production by these algae. Schwimmer and Schwimmer (1964 1958) have
documentect the occurrence of algal toxicity throughout the world. From the
numerous records it appears that the degree of toxicity in waterbiooins is
extremely variable. Our observations on a number of dams have tended to
confirm this variability in toxicity. The occurrance of toxicity was
sporadic in regular samples collected at Hartbeespoort, Fi2tvlei and
Roodeplaat dams over a period of a year. In these three dams toxicity was
associated with the presence of M. aeruginosa forma aerugCnosa. Blooms
showing a predominance of M, czeruginosa forma fios—aç~e, M. wesenbergii,
Anabaena circinalis or A. floc—aquae were generally not toxic (Scott and
Hauman, unpublished).

As a .esult of the sporadic occurrence of toxicity an assumption can be
made that toxicity is genetically controlled and that the trigger for toxin
production could possibly be the presence of a virus (Hauman, Barlow and
Scott, 1979) or a plasmid which may opsrate. under certain specific
environmental conditions. Preliminary experiments to test these assumptions
are still in progress and the results are not yet ready to be ~ported.
This lecture will rather focus on the results obtained on th~ growth of
Microcys tic at different light intensities in the laboratory. The
laboratory measurements were supplemented by field observations. The data
show that Microcys tic is able to adapt physiologically to different light
intensities and make it possible to partly explain the reason for the
successful growth of Microcystic in nature.

MATERIALS AND METHODS

Culture Conditions

The Microcystis ceruginosa culture used in laboratory experiments originated
from a toxic bloom which occurred in Hartbeespoort Dam -during 1974 (Toerien,
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Scott and Pitout, 1976) and was isolated according to the procedure
described by Scott (1974). During cultivation the alga changed from its
colonial form to a unicellular form in a similar fashion to that described
for lviicrocystis aeruginosa NRC-i (Zehnder and Gorham, 1960). The c’lture
has been given the number WR88 in the NIWR culture collection and was the
source of the culture UV—006 in the culture collections of the University
of the Oranc-e Free State (Kri~ger and Eloff, 1977).

Cultivation of the alga was in 250 mt Erlenmeyer flasks equipped with a
side arm allowing direct daily reading of the optical density (00) with an
EEL colorimeter (EEL Instruments, Xlford, U.K.). Each flask contained
150 nit of yolk and Phinney’s medium (1968) with the following modifications:
EDDHP~-Fe was replaced by EDTA-Fe to give a concentration of 1,2 mg/dm3 and
Hoagland’s trace element solution was replaced with the A5 (Stainer,
Kunizawa, Mandel and Cohen—Bazire, 1971) trace element mixture.

The cultures were maintained at 25 °C in a 16 hours light:8 hours dark
cycle at 60 — 70 % relative humidity in a CONVIRON controlled environment
chamber (Controlled Environments, Winnipeg, Canada). The light source in
the CONVIRON consists of a mixture of fluorescent and incandescent lamps
both manufactured by Sylvania Inc. Light intensity received by the
cultures was manipulated either by changing the distance of the cultures
from the light source or by covering the culture flasks with one or two
layers of black silk netting. The light intensities received by the
cultures were measured with a Lamuda Li-~or Li—185 photometer in units of
lux (lx). Light intensity wac not uniform on the different shelves in the
CONVIRON, showing a variation of about 20 %. To ensure that replicate
cultures received approximately the same light intensity while U.s
experiments were in progress, the flasks were randomly placed on the
shelves after the daily 00 measurements.

Three light intensities (3 600, 5 700 and 18 000 lx) were initially used.
After 12 days of growth three replicates from 5 700 lx were transferred to
720 lx and three to 230 lx, whilst thrne flasks grown at 18 003 lx were
transferred to 720 lx. The experiment was continued for 28 days.

Growth Measurements

Optical density values were cbtained daily immediately after the 6 hour
dark period in the 24 hour light:daric cycle and growth rates (k) were
calculated from

k = 3D day (x + 1) - OD day (x)

Gas Vacuole Determinations

An estimate of the amount of gas vacuoles present in a 14. ae2’uginosa
suspension was obtained by comparing the On before and after gas vacuole
collapse by a 6 atmosphere pressure application (½aisby, 1969). The amount
of gas vacuoles was expressed as a percentage using the following formula:

(00 before collapse) — (00 after collapse)% Gas vacuoles — x 100
(00 before collapse)

Gas vacuole content was determined or~ selected days during the course of
experiment after the aseptic removal of io mf subsamples from each flask.
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Piqment Determinations

Pigment composition of the algal cultures was analysed by comparison of
absorption peaks at 440 nm for carotenoids and 662 nm for chlorophyll after
extraction in acetone.

In field material (see below) pigments were determined after extraction of
- chlorophyll and carotenoids in 80 % acetone. The exact amoant of pigments

present in the extracts were calculated from the extinction coefficients
given by Allen (1968). The amount of pigment is presented per unit dry
weight. It was not possible to express the pigment analyses of laboratory
experiments on a dry weight basis because the relatively small amounts of
cultured material available precluded accurate dry weight determinations.

Field Incubation of Microcycts

A natural population of Microcystis aeruginosa was sampled from the surface
of Hartbeespoort Dam in the late afternoon (17h30; 7 March 1979)
Approximately 5 ~ of this population, nhich appeared to be unialgal, was
placed in a beaker stirred continuously and 100 cm’ aliguots were pipetted
into dialysis tubing. The tubes were sealed and suspended overnight in dam
water. At dawn (06h00; 8 March 1979) the tubes were suspended at selected
depths from a float in the deepest part of the dam. To ensure that the
tubes remained at the selected depths (0, 3 and 28 metres) sinkers were
attached to them. Samples were collected 24 and 48 hours after the start
of incubation for dry weight and pigment analyses.

Dry Weight Determinations

The dry weight of algae present in a dialysis bag was measured by filtering
the total contents (100 cm) through a preweighed Nucleopore filter with a
pore size of 8 jun The filters were dried at room temperacure for 2 days
in a dessicator containing phosphorus pentoxide. Previous experiments have
established that 2 days were sufficient to give a constant dry weight.

Othet Field Measurements

Temperature, oxygen and pH values in Hartbeespoort Dam were measured with
a Martek Instrument (Martek Inc. California, USA). Light penetration into
the water was measured with a Lam~a Li-Cor Li-185 photometer fitted with
an underwater sensor which recorded photosynthetic active radiation
.tEinsteins/m2/s . The surface value was taken as 100 % light penetration
and the depths of 1 % and 0,01 % light penetration were calculated from the
original measurements.

RESULTS

Growth of Microcystis at Different Li.Jht Intensities

Identical sigmcid growth curves were observed when Microcystis aeruginosa
was grown at 3 600, 5 700 and 18 000 lx (curves (a), (b) and (c) in
Figure 1). The initial lag phase decreased as the light intensity
increased. This is clearly illustrated if the first 8 days of the three
curves are compared. It appears therefore that once Microcystis has
adapted to a particular light intensity growth can continue for several
days at a rate independent of the actual amount of light received by the
algae. The optimum growth rates recorded at tie three different light
intensities are given in Table 1.
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FIGURE 1. Growth curves of M. acruginosa ~t different light intensities,

(a) 3 600 lx,(b) 5 700 lx, (c) 720 lx, (d) 5 700 230 lx,
Ce) 1 800 Ix Ct) 1 800 lx + 720 lx. Arrows indicate transfer to
lower light intensities on the 12th day.
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TABLE 1
OPTIMUM GROWTH RATES (k) OF IJICROC.YSTIS AERUGINOEL4

AT DIFFERENT LIGHT INTENSITIES

Light intensity k

3 600 lx 0,37
5 700 lx 0,395

18 000 lx 0,385

Although the growth rates were very similar at the different light inten
sities (Table 1), the physiological state of the algae changed markeily at
the different light intensities. The cultures grown at 3 600 lx had a
normal green appearance while the cultures at 18 000 lx tuined 1.~o a yellow
colour after a few days. The cultures at 5 700 lx had a yeilow—gre~n
pigmentation between the two other tieatments. On the 12th day of the
experimtnt flasks grown at 5 70C and 18 00 lx were transferred to lower
light intensities of 720 and 230 lx respectively (Figure lfl. These
cultures turned green in a few days (Table 2) but were unable to resume
growth at high rates. It appears therofore that light intensities lower
than 720 lx are not able to support vigorous growth of lvlicrocystis.

TABLE 2
CHLOROPHYLL TO CAROTENOID RATIOS ESTIMATED FROM AW’ORPTION
PEAKS FOR MICROCYSTLS GROWN AT DIFFERENT LIGHT INY~SITIES.
ARROWS IN THE FIRST COLUMN INDICATE TRANSFER FROI4 A HIGHER

TO A LOWER LIGHT INTENSITY ON TIlE 12th DAY

Chloroohyll/Carot~noid ratio on day
Light intensity (lx) 12 - 19 28

3 600 1,11 0.9 0,68
.5 700 0,4 0,35 0,33

5 700 ÷ 720 0,4 0,81 1,19
5 700 + 230 0,4 0,63 0,91

18 000 0,19 0,30 0,19
18 000 ÷ 720 0,19 0,56 1,01

In addition to the changes in pigmentation there were also changes in the
gas vacuolation of the algae (Table 3).

TABLE 3
GAS VACUOLE CONTENT OF 141CROCYSTIS CROWN AT DIFFERENT

LIGHT INTENSITIES. ARROWS IN THE FIRST COLUMN
INDICATE TRANSFER FROM A HIGHER 10 A LOWER LIGHT

INTENSITY ON THE 12th DAY

Gas vacuole content on dayLight intensity (lx) 12 19 28

3 600 41,7 44,5 54,8
5 700 58,6 62,0 64,8
5 700 -± 720 58,6 48,0 46,7
5 700 + 230 58,6 50,0 47,0

18 000 61,5 64,2 62,9
18 000 ± 720 61,5 48,6 42,7
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The following conclusions can be made from the data in Table 3:

Ca) Gas vacuole content increases with increasing light intensities and
the converse is true when cultures are transferred from higher to
lower light intensities and

(b) gas vacuole content increases as the cultures become senescent.

The laboratory observations on pigmentation of Mtcrocystis aeruginosa was
supplemented with field observations in Hartheespoort Dam, where the
Microcystis colonies were trapped in dialysis tubes kept at a fixed depths
for periods up to 48 hours. The experiments were performed at ~ time when
there was a thick Microcystis bloom in the dam reaching surface chlorophyll
a concentrations in excess of 500 mg/ma . Typical mid—day conditions
observed in the dam while the experiment was in progress, are illustrated
in Figure 2. The dam showed high surface pH and oxygen values. The
oxygen concentration at 1 metre depth was le0s than half of the surface
concentration and at 12 metres depth the water was anaerobic. The thick
Microcysv~s scum reduced the light penetration to virtually zero at 2
metres depth.

The results of pigment analyses of Microcystis cells maintained at different
depths are illustrated in Figure 3. Cells maintained at the surface of the
dam had a linsar drop in the chlorophyll/carotenoid ratio which was a direct
result of a large decrease in the total chlorophyll content. CN.orophyll
content of cells maintained at 3 m depth and at the bottom (28 mctres) both
increased over the incubation period. The carotenoid content of the cells
did nnt change as wuch as the chlorophyll content of the cells. At the
surface total carotenoid content decreased over the incubation period as
did the chlorophyll content of these samples. At 3 metres depth cnd at the
bottom the carotenoid content of the cells increased with the nett result
that the chlorophyll/carotenoid ratios were slightly lower than at the
beginning of the experiment.

DISCUSSION

The similar optimum growth rates of Microcystis aeruginosa at light
intensities ranging from 3 600 lx to 18 000 lx indicate that light
saturation for Microcystis growth is reached at relatively 2cw light
intensities. Provided that there is no exten~ive shading by a surface
bloom, the intensity of 3 600 lx will correpsond to the light intensity
normally received at a depth of approximately 4 to 5 metres in a typical
non—silty Transvaal impoundment such as Hartbeespoort or Rietvlei Dam.
The ability of Microcustis aeruginosa to grow fast at relatively low lighU
intensities will give it a competitive advantage over other algae in these
impoundments and partly explains why such large numbers of this alga
frequently develop in these impoundments.

A further competitive advantage is the presence of gas vacuoles in the cells
of Microcystis aeruginosa. The presence of gas vacuoles make the alga more
buoyant with the result that the alga will not sink to depths where the
light intensity may be limiting. Waaland, Waaland and Branton (1971)
presented evidence that gas vacuoles reduced the amount of light absorbed
by photosynthetic pigments in Nostoc rnuscorzon and concluded that these
structures acted as light shields. Walsby (1972) and Shear and waisby
(1975) questioned the validity of these results and suggested that the
main function of gas vacuoles was buoyancy regulation. Dinsdale and Wal~hy
(1972) showed that transfer of Arabaena flos—aquae from low (50 lx) to
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FIGURE 2. profiles of percentage light penetration, oxygen, temperature
and pH in Hartheespoort Darn (12h00; 7th March 1979).
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high (10 000 ix) light intensities resulted in a decrease in gas vacuole
content. We were unable to confirm these observations with ?vficrocystis
aeruginosa (Table 3) and the present results support the idea that gas
vacuoles may act as light shields. In addition senescent cultures were
found to have a higher gas vacuole content.

When Microcys tie aeruginosa is continuously exposed to high light intensities
the alga adapts by changing its pigment composition. This is achieved by
reduding the chlorophyll content of the cells. At lower light intensities
and in complete darkness more chlorophyll is synthesized (see Figure 3)
Microcystis aeruginosa is therefore able to adapt to changes in the light
climate by changing its pigment composition and gas vacuole content, so
that it can maintain high growth rates. Suggestions to control unwanted
blue—green algal blooms, and by implication potential toxicity, in eutrophic
systems by managing conditions in such a way to stimulate the growth of
more desirable green algae, appear unlikely to succeed at this stage
because of the adaptability of the blue-green algae.
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