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Abstract 
Harmful algae bloom constitutes a major problem facing water bodies partic-
ularly fresh and marine water system. Microcystis aeruginosa represents a 
major causative organism found in the water. Light plays a major role in the 
growth and variation of M. aeruginosa in water. What is still inadequate, is 
the data on the effects of different light conditions on the growth of Micro-
cystis aeruginosa. In this study, two strains of Microcystis aeruginosa PCC 
7806 (toxic strain) and PCC 7005 (non-toxic strain) were exposed to varying 
light intensities at 0, 30, 60, 120, 300, 350 µMol photon m−2·S−1 to measure 
their growth and pigmentation. This study observed similarities in growth 
and pigmentation between toxic strain (PCC 7806) and non-toxic (PCC 7005) 
strain. Also, at short exposure to light, Toxic strain was seen to be better tole-
rant of light than non-toxic strain, with non-toxic strain showing better abili-
ty to recover from light stress after twenty days of culture. These findings 
suggest that Toxic strain (PCC 7806) and Non-toxic strain (PCC 7005) of M. 
aeruginosa respond similarly with respect to growth but differ in their light 
retention capacity over time and this could be useful in predicting the possi-
ble conditions of algal bloom. 
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1. Introduction 

Harmful algal bloom (HABs) represents a major problem across the world, par-
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ticularly more pronounce in lakes and reservoirs, influencing municipal, agri-
cultural and industrial water sources. Cyanobacteria is known to be the primary 
organism causing algal bloom. These contaminated water bodies contain hepa-
totoxins which are health hazards to humans and animals [1]. Cyanobacteria are 
phytoplankton species that occur in fresh and brackish water systems across the 
world [2] [3]. Studies into the dynamics of cyanobacterial blooms predict that 
the expected increase in global temperature will result in increased surface water 
temperatures and thermal stratification as well as change meteorological pat-
terns possibly stimulating increased cyanobacterial growth rates [4] and higher 
frequency of bloom events.  

Species of cyanobacteria differ in their morphology and may exist as single 
cells or filaments [5]. Cyanobacteria generally dominate in reservoirs containing 
high nutrient loads and stagnant water although cyanobacterial blooms do occa-
sionally occur in oligotrophic systems and are favored by water temperatures 
between 15˚C and 30˚C [6] [7]. Report indicate that Cyanobacteria blooms are 
more predominant and with higher intensity in fresh and coastal ecosystem [8]. 
Microcystis aeruginosa represent a major toxin-producer of cyanobacteria and 
can produce different hepatotoxin, the most significant being microcystin-LR. 
Report indicated that prolong exposure to low levels of microcystin could trigger 
liver tumor [9]. Hepatotoxins are secondary metabolites offering some physio-
logical advantage to toxic strain of M aeruginosa. Increase in hepatotoxin pro-
duction is influenced by high temperature and light intensity [10]. A major de-
termining factor for global algae bloom toxicity is the variation between toxic 
and Non-toxic strains, so there is a need to critically evaluate the factors that in-
crease or decrease the growth of these strains [6]. Algal competition may be de-
termined by variation between biotic and abiotic factors. Studies have shown 
that light constitute an important factor in species selection of algae and cyano-
bacteria [11] [12]. Another Laboratory study also validates that two non-toxic 
strains of M. aeruginosa show higher competitive advantage than two toxic strains 
under low light condition, even when the toxic strains was seen to initially do-
minant over the Non-toxic strain [13]. In this situation, low light intensity con-
stitutes the primary factor of the competitive outcome. One activity that occurs 
during the occurrence of algal bloom is that light intensity and penetration in 
the water column is reduced. As a result, there is an increase in cell concentra-
tion and therefore reduction in the rate of photosynthesis in very deep-water 
layers [14]. To control such challenge, Microcystis cells effectively utilise their 
gas vacuoles in rising to cell surface even though this method is a benefit for nu-
trient and light competition, it is still not yet completely manageable and, could 
not be seen as entirely reliable [15]. Apart from chlorophyll content that was de-
termined in this study, M. aeruginosa have other pigments—phycobiliproteins— 
which absorbs at varying wavelengths and is involved in energy transmission to 
chlorophyll. Phycobiliproteins could make up to 60% of the soluble protein con-
tent in cyanobacteria [16] and permit them to survive even in extreme condi-
tions of reduced light concentration even across in polar regions [17]. These 
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pigments can be categorized into phycocyanin (PC), allophycocyanin (APC) and 
phycoerythrin (PE). PC show a color between purple to dark cobalt blue with a 
peak absorption ranging between 610 - 620 nm; while APC is bright greenish or 
aqua-blue with the highest absorption ranging between 650 - 655 nm and PE 
shows bright pink with a peak absorption ranging between 540 - 570 nm. The 
most notably expressed phycobiliproteins in cyanobacteria are allophycocyanin 
and phycocyanin while phycoerythrin is present in a minute amount and not 
present in all types of cyanobacteria [18]. The continuous dominance of M. ae-
ruginosa is generally ascribed to high temperatures, elevated nutrient concentra-
tions, and reduced turbulence [19]. Studies performed in a hypereutrophic lake 
show that the intensity of light in the water column could be the greatest deter-
mining factor regulating the growth and variation of M. aeruginosa. In another 
study, it was revealed that, M. aeruginosa species has the capacity to survive high 
light intensity and then regarded to be more tolerant at higher light concentra-
tions [20]. Although high-light intensities could be harmful to cyanobacteria 
species, the responses and relationships of their relative growth, pigmentation, 
and cell concentration still need to be appropriately look into. Therefore, the main 
aim of this study was to determine the effect of light intensities on the growth of 
toxic (PCC 7806) and non-toxic strain (PCC 7005) of M. aeruginosa and to eva-
luate the pigment contents associated with growth. 

2. Materials and Methods 
2.1. Cyanobacterial Culture Growth  

Axenic culture of Microcystis aeruginosa non-toxic (PCC 7005) and toxic (PCC 
7806) strains were obtained from Institute Pasteur (Paris, France). 10 ml of pre- 
cultures were grown for two weeks at 28˚C and constant rocking (150 rpm) in 50 
ml flasks until they reached the concentration of 107 cells/ml and then used to 
inoculate 50 ml of sterilized Blue Green (BG-11) medium obtained from Sig-
ma-Aldrich United Kingdom. Cultures were grown for 6 - 8 weeks under conti-
nuous agitation (130 rpm) and 12 h light/dark cycles until the concentration 
reached 2 × 107 cells/ml. Cultures were irradiated with cool white fluorescent 
tubes with a photon flux density of 30 μmol·m−2·sec−1. Subcultures were prepared 
by aseptically inoculating 50 ml of fresh BG-11 medium with 5 ml of M. aerugi-
nosa from 6 - 8 weeks culture above [21]. 

2.2. Growth Experimental Setup  

Experiment was conducted in an incubator containing shaker (Vibromix 313 
EVT, Tehtnica, Slovenia) and was maintained at constant temperature of 28˚C 
throughout the experimental period. In this experiment, M. aeruginosa at vary-
ing light conditions (toxic strain PCC 7806) and (non-toxic strain 7005) cells 
were subjected to six photon flux levels (0, 30, 60, 120, 300, and 350 µMol pho-
ton m−2·S−1) simultaneously. The cultures were subjected to continuous agitation 
(130 rpm) which ensure adequate mixture at 12 h light/ dark cycle. At exponen-
tial stage of growth, the cells were used in the estimation of the growth rate, 
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pigmentation, Cell concentration. At zero µMol photon m−2·S−1 light intensity, it 
means that light was completely prevented from the culture medium. The expe-
riment was done thrice to validate reproducibility of data with replicates being 
produced twice. 

2.3. Growth Determination at OD730 

To estimate the growth of cyanobacteria, the OD730 (optical density at 730 nm) 
was measured by taking 1 mL of sample from each 250 mL flask containing the 
experimental culture. The OD730 was measured with UV-Vis spectrophotome-
ter (UV/Vis spectrophotometer Lambda 650 S, United Kingdom) at an optical 
absorption wavelength of 730 nm [22]. 

2.4. Determination of Pigment Contents 

Chlorophyll a, was examined at the mid-exponential stage of growth under va-
rying light intensities with temperature remaining constant at 28˚C measure-
ments were taken by harvesting cells through centrifugation at 10,000 ×g for 10 
minutes at 4˚C, followed by resuspending in 90% methanol and kept in the dark 
at 4˚C overnight. The resulting suspension was centrifuged again and the super-
natant was used to measure the absorbance at 660 nm using a UV/Vis spectro-
photometer Lambda 650 S. Carotenoid concentrations were estimated using the 
same extract but with absorbance measured at 480 nm. For estimation of phy-
cocyanin (PC), allophycocyanin (APC) and phycoerythrin (PE), cells were cen-
trifuged at 3400 ×g for 15 minutes, resuspended in 0.05 M phosphate buffer (pH 
6.7) then ruptured using a probe sonicator (SARTORIUS labonic M). The ex-
tract was centrifuged at 3400 ×g for 15 minutes at 4˚C and the supernatant used 
to measure the absorbance at, 620 and 640 and 655 nm [23]. These wavelengths 
are the most suitable wavelengths for expression of the pigments because peak 
absorption is within these ranges. 

2.5. Evaluation of Cell Concentration  

M. aeruginosa number (PCC 7806 and PCC 7005) were estimated by counting 
with Neubauer hematocytometer under Olympus IX81 inverted epifluorescence 
microscope equipped with a 300 W Xenon lamp at 40× magnification. To de-
termine Microcystis aeruginosa cell concentration, 10 μl of M aeruginosa culture 
were loaded in a Levy Hemocytometer (Hausser Scientific 100 MM deep, USA) 
cell counting chamber. Cells in major quadrants were counted under the micro-
scope and the cell numbers from 4 major quadrants was averaged. The cell num-
ber per ml was calculated applying the formula:  

cell concentration ml average cell number 10000 dilution factor= × ×  

2.6. Dark Reaction 

For the dark reaction, M. aeruginosa cells was devoid from light source under 
same experimental period of time with other light conditions. This was done for 
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both toxic and Non-toxic strain. All experimental parameters were measured in-
cluding growth rate, Cell concentration, Chlorophylla, Carotenoid, Phycocyanin, 
Phycoerythrin and Allophycocyanin. 

3. Statistical Analysis 

One-way analysis of variance (ANOVA) determinations were performed to de-
termine the outcome of light intensity on the growth of M. aeruginosa in water 
under a different light intensities. The Statistical Analysis One way ANOVA was 
the appropriate and most suitable test for this study. In this study, light is the 
only independent variable been measured and varied at various intensities. 
Hence, the application of one-way ANOVA, two way ANOVA will be unsuitable 
because we are not analyzing any other variable alongside light intensity [24]. 
The popular and conventional cut-off for the “P” value to be deemed statistically 
significant is 5% (0.05). What a P < 0.05 suggests is that the possibility of the re-
sults in a research being due to chance is <5% [25]. 

4. Results 
4.1. Growth of M. aeruginosa at Different Light Intensities 

The growth rate of both strains was strongly affected by varying light conditions. 
It was observed that both strains of M. aeruginosa shows similarities in growth. 
Higher growth rate was observed at higher light intensities within day two and 
day four for the toxic strain while non-toxic strain shows highest growth at the 
highest light intensity on day 2, as evident from Figure 1 and Figure 2. The tox-
ic strain shows maximum growth at 300 and 350 µMol photon m−2·S−1 between 2 
to 4 days while non-toxic strain shows peak growth at 30, 60 and 350 µMol pho-
ton m−2·S−1 between 2 to 6 days. 

4.2. Pigment Analysis 

Pigment analysis indicates a higher cellular concentration of chlorophyll a in  
 

 
Figure 1. Effects of Light intensity on growth rate of Micro-
cystis aeruginosa Non-toxic strain (PCC 7005) at OD730 after 
twelve days of culture. 
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Figure 2. Effects of Light intensity on growth rate of Microcystis aeru-
ginosa toxic strain (PCC 7806) at OD730 after twelve days of culture. 

 
Non-toxic strain (PCC 7005) than toxic strain (PCC 7806) with the highest chlo-
rophyll a concentration noticed at 300 µMol photon m−2·S−1 for Non-toxic strain 
and 120 µmol for toxic strain respectively. while the carotenoid level (t-test, p < 
0.05) [One-way ANOVA: F(1,10) = 4.965, p = 0.3562] of both strains was within 
same range. PCC 7005 showed significant differences in chlorophyll concentra-
tion this was 1 time higher, than toxic strain (PCC 7806). This evidence is sup-
ported by the statistical analysis that not all the mean of light intensities is equal. 
There is a difference between the means for PCC 7005, the observed F one-way 
ANOVA statistic [ANOVA: F(5,36) = 2.477, p = 0.0035)]. Whereas, in PCC 7806 
the one-way ANOVA statistics [ANOVA: F(5,36) = 2.4477, p = 0.0055] and the p 
value obtained was 0.0035 < 0.05. It can be said that, there is not enough evi-
dence to claim that all 6 light intensity reading are equal at significance level 
0.05. Therefore, light concentration is significant and has effect on the non-toxic 
strain than toxic strain. 

In the case of Phycocyanin at 620 nm, similarities occur in their cellular con-
tent for toxic and non-toxic strain except for the high cellular content observed 
at 300 µMol photon m−2·S−1 in non-toxic strain in the graph Figure 4 with 
(t-test, p < 0.05). The one-way ANOVA reinforces no significant differences ex-
ist between PCC 7005 and PCC 7806 for Phycocyanin at 620 nm, [F(1,10) = 4.965, 
p = 0.8041]. There are no significant differences between the means of PCC 7005 
and PCC 7806 for Phycocyanin at 620 nm. 

Phycoerythrin at 655 nm also show a similar cellular content for toxic and 
non-toxic strain. For Allophycocyanin, toxic strain shows higher cellular con-
centration than non-toxic strain recording it peak concentration at zero light in-
tensity level as seen in Figure 4 below. For phycocyanin at 640 nm, a similar 
cellular content was noticed for the toxic and non-toxic strain with an exception 
at 350 µMol photon m−2·S−1 with toxic strain showing high cellular content.  

(t-test, p < 0.05) [ANOVA: F(1,10) = 4.965, p = 0.4341]. The p-value is p = 
0.4341, and since p = 0.4341 p = 0.4341 > 0.05. There is no significant difference 
between PCC 7005 and PCC 7806 for Phycoerythrin. Allophycocyanin on the 
other hand has (t-test, p < 0.05) [ANOVA: F(1,10) = 2.4477, p = 0.1173]. Using the 
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P-value approach, since p = 0.1173; p = 0.1173 ≥ 0.05. There is no significant 
difference between PCC 7005 and PCC 7806 for Allophycocyanin. The t-test is a 
method that helps in determining whether there is a statistical difference be-
tween two populations, however, ANOVA helps in determining whether three 
or more groups are statistically different from each other. Hence, ANOVA is 
most suitable measure due to the factors such as chlorophyll, allophycocyanin 
have been measured at six different light intensities [26]. 

 

 

Figure 3. Changes in Chlorophyll a content with respect to 
culture light intensity at 660 nm wavelength with the error 
bars indicating standard deviation. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 4. Cell concentration of (a) Phycoerythrin at 655 nm, (b) 
Phycocyanin at 640 nm, (c) Phycocyanin at 620 nm, (d) Allo-
phycocyanin at 640 nm in M.aeruginosa toxic (7806) and non- 
toxic strain (7005), measured by optical density with respect to 
varying light conditions. 

 

 

Figure 5. Cell concentration of Carotenoid at 480 nm for M. 
aeruginosa toxic (7806) and non-toxic strain (7005), measured 
of optical density with respect to varying light conditions with 
the error bars indicating standard deviation. 

4.3. Analysis of Cell Concentration  

For cell concentration analysis, cells were analysed at the third, sixth and twenty 
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day of culture. At the third day of culture, toxic strain shows higher concentra-
tion of cells than Non-toxic strain. The highest concentration of cell was noticed 
for the toxic strain at 120 µMol photon m−2·S−1 as seen in (Figure 6(a)). The 
same trend continues at the sixth day of culture, with the toxic strain still domi-
nating, showing concentration almost as twice of the Non-toxic strain at 120 
µMol photon m−2·S−1. On the twentieth day, Non-toxic strain gave higher con-
centration of cell than toxic strain, with the highest cell concentration observed 
at 300 µMol photon m−2·S−1.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Analysis of cell concentration at (a) Three days, (b) Six 
days and (c) Twenty days of culture for M. aeruginosa toxic (7806) 
and non-toxic (7005) strain and exposure to varying light intensity. 
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4.4. Dark Reaction Analysis 

In the case of dark reaction, growth rate was at the lowest with low concentra-
tion of cell observed at the third, sixth and twenty day of culture analysis when 
compared with other light conditions. However, the chlorophyll a content of the 
toxic strain was observed to be higher than that of the non-toxic strain. Similar-
ly, the carotenoid contents of toxic strain indicate a higher concentration than 
the non-toxic strain. While, for Phycocyanin and phycoerythrin the toxic strain 
was observed to be significantly higher in concentration than non-toxic strain. 
For the Allophycocyanin, the toxic strain was higher in cell content than non- 
toxic strain as indicated in the Figures 3-6. 

5. Discussion 

The two cyanobacteria strains, toxic strain (PCC 7806) and non-toxic strain 
(PCC 7005) of M. aeruginosa, responded in a similar manner under different in-
tensities of lights, and with respect to increasing light concentrations, predomi-
nantly within light intensity range from 0 to 300 µMol photon m−2·S−1. Both 
strains were adversely affected when the light intensity reached 350 µMol photon 
m−2·S−1 within the period of sixth days. However, under two days of exposure, 
neither strain was influenced, even by the extreme light conditions (300 and 350 
µMol photon m−2·S−1), suggesting and indicating that, under a short exposure to 
increasing-light intensity, both strains would survive. In addition to that, the 
concentration of cell analysis and, the prolonged exposure (sixth days) increased 
the stress on both species, toxic strain did show better tolerant capability than 
non-toxic strains while exposure after twenty days indicates that, the non-toxic 
recovered considerably from light stress by showing improved growth. Toxic 
strain has the capacity to endure light stress for shorter durations but lose this 
tolerance after extended periods of exposure. Light intensities between 30 120, 
300 and 350 µMol photon m−2·S−1 can be considered preferable light conditions 
for Toxic strain (PCC 7806) while Non-toxic (PCC 7005) range shows optimal 
growth at 30, 60 and 350 µMol photon m−2·S−1. In another similar and related 
studies, as the growth of Microcystis and Anabaena species increased under low 
light (25 µMol photon m−2·S−1) but decreased under high light (200 µMol photon 
m−2·S−1) [23] [27] [28]). However, this study confirmed that light intensities ex-
ceeding 300 µMol photon m−2·S−1 further intensified stress on both M.aeruginosa 
strain.  

Concerning chlorophyll-a range, the non-toxic strain shows higher concentra-
tion than toxic strain at 660 nm, with the highest concentration seen at 300 µMol 
photon m−2·S−1 and for toxic strain at 120 µMol photon m−2·S−1. Carotenoid con-
tents show similarities for both strains of M.aeruginosa with the highest carote-
noid contents seen under light intensity 120 µMol photon m−2·S−1 in toxic strain. 
In a previous research study, it was shown that the cellular concentration of 
chlorophyll-a and carotenoids were higher in toxic strain compared to non-toxic 
strain [23]. For the phycobiliproteins pigments, Phycoerythrin at 655 nm and 
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phycocyanin at 640 nm shows similarities in concentration for toxic and non- 
toxic strain except at 350 µMol photon m−2·S−1 where toxic strain was dominant-
ly higher in growth. At 620 nm phycocyanin also shows similar trend in growth 
trajectory for both strain except at 300 µMol photon m−2·S−1 where non-toxic 
strain was significantly dominantly higher. For Allophycocyanin at 640 nm, tox-
ic strain was significantly higher across all the light intensity. The differences in 
the phycobiliproteins pigment concentration are as a result of the variations in 
efficiency of absorbance at different wavelength. 

 In the dark reaction, most results gave the lowest range in comparison to the 
growth at other light intensity levels, with few exceptions. From this study, it 
could be inferred that, M. aeruginosa cells shows good recovery of photosyn-
thetic activity after protracted exposure to heightened light intensity, with better 
recovery seen with the non-toxic strain, this simply suggests that, they possess 
good ability to recover from high light intensity. One possible explanation for 
the higher resistance of the toxic strains in this experiment could be their lower 
photosynthetic pigment content and high Carotenoid to Chlorophyll-a ratio. 
[13]. Similarly, a study reported that the toxic strain of M. aeruginosa were less 
affected by an increment in light exposure for short period of time compared to 
non-toxic strain [22]. These parameters and factors could simply be valuable in 
the short and long-time prediction of possible algae bloom behavior pattern. 

6. Conclusion 

The results in this study indicate that growth occurs virtually across all the light 
intensity levels. This study also confirms that the two strains of M. aeruginosa 
has the capacity to withstand high light intensities as high as 350 µMol photon 
m−2·S−1. These results suggest that toxic strain and non-toxic strain of M. aeru-
ginosa show similarities in growth and pigmentation. However, differences were 
seen in the light retention capacity between the two strains with toxic strain having 
better tolerant of light under short exposure and non-toxic strain with good re-
covery ability under prolong exposure to light. The information from this study 
could be used in the monitoring and control of possible bloom situation, partic-
ularly with respect to toxic and non-toxic strain of M. aeruginosa. 
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