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Abstract 

 

Growth and toxin production of Microcytis aeruginosa PCC7806 (M. aeruginosa) grown 

in different Mg2+ concentrations and light intensities were investigated in this study. M. 

aeruginosa were cultured in four different Mg2+ concentrations (MgSO4 content: 5, 12.5, 

25 and 50 mg/L) in duplicate. Two experiments at low and high light intensities  

(8 μEm-2s-1 and 75 μEm-2s-1, respectively) were performed for 42 and 24 days, 

respectively. Mg2+ concentrations in media, pH, optical density, chlorophyll a 

concentrations, microcystin concentrations were analysed and morphology of M. 

aeruginosa cells observed during the experiments. Mg2+ concentrations in media were 

stable during the experiments at both light intensities. Optical density and chlorophyll a 

concentrations of each medium showed variation in onsets of the exponential growth 

phase at low light intensity. The biomass parameters had stronger positive correlation 

at low light intensity (r> 0.974) than at high light intensity (r > 0.861). Microcystin 

contents reached the highest value during the exponential growth phase and the 

stationary phase at low and high light intensity, respectively. It is suggested that Mg2+ 

concentrations may affect the cell division during the lag phase at low light intensity. 

This study reconfirms effects of light intensity on the growth and toxin production of M. 

aeruginosa like past studies. 
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Abbreviations 

 

M. aeruginosa   Microcystis aeruginosa 

MC     Microcystin 

Adda 3-amino-9-methoxy-2, 6, 8-trimethyl-10phenyldeca-4, 6-

dienoic acid 

Chla     Chlorophyll a 

Mg     Magnesium 

ATP    Adenosine Triphosphate 

N. muscorum    Nostoc muscorum 

OD     Optical density  

MgSO4     Magnesium sulfate 

Fe     Iron 

NaHCO3    Sodium bicarbonate  

Na2SO4    Sodium sulfate  

SO4
2-     Sulfate 

NaNO3    Sodium nitrate 

K2HPO4    Dipotassium phosphate 

CaCl2    Calcium chloride 

FeCl3    Iron chloride 

HCl    Hydrochloric acid 

EDTA- Na2   Disodium ethylenediaminetetraacetate dihydrate 

NaOH    Sodium hydroxide 

H3BO3    Boric acid 

MnCl2 · 4H2O    Manganese chloride 

(NH4)6 MoO24 · 4H2O   Ammonium Molybdate Tetrahydrate 

ZnSO4 · 7H2O    Zinc sulfate 

CuSO4 · 5H2O    Copper sulfate 

ELISA     Enzyme- linked immunosorbent assay  

NADP+    Nicotinamide adenine dinucleotide phosphate 

A. nidulans   Anacystis nidulans 

CO2    Carbon dioxide 
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1 Introduction  

 

Cyanobacteria are gram- negative and photosynthetic prokaryotes that form blooms in 

brackish and fresh water environments all over the world (Potts and Whitton, 2000). 

Cyanobacterial blooms increasing likelihoods of adverse health risks on human and 

animals (Buratti et al., 2017). Bioaccumulations in crops and fruits are also detected 

after growing by irrigated water containing cyanotoxins (Romero-Oliva et al., 2014, 

Chen et al., 2012). M. aeruginosa produce hepatotoxic cyanotoxins called microcystins 

(MCs) (Sigee, 2005). The chemical structure of MCs is cyclic heptapeptides with cyclo (-

D-Alanine-X-erythro-β-methyl-D-isoAspartic acid-Y-Adda-D-isoGlutamine-N-

methyldehydro-Alanine) and X and Y are variable L- amino acids (De Figueiredo et al., 

2004).  More than 150 MCs that have different functional groups have been identified 

(Miles et al., 2014). One of the most frequent studied MCs is MC- LR (Puddick et al., 

2014, De Figueiredo et al., 2004) (Figure 1 by Puddick et al. (2014)) with the variable 

amino acids leucine (L) and arginine (R). Effects of environmental conditions such as pH 

(Van Der Westhuizen and Eloff, 1983, McLachlan and Gorham, 1962), temperature 

(Paerl and Otten, 2013, Phelan and Downing, 2011, Coles and Jones, 2000), nutrients 

(Dai et al., 2016, Paerl and Otten, 2013, Yang et al., 2012), metals (Dai et al., 2016, 

Polyak et al., 2013) and light (Gonçalves et al., 2014, Yang et al., 2012, Wiedner et al., 

2003, Kaebernick et al., 2000) have been studied and it has been observed that these 

parameters affect  the growth and/or toxin production of cyanobacteria.  

 

The functions of cyanotoxins have been discussed but many questions remain to 

validate the functions (Holland and Kinnear, 2013). MC production is significantly 

promoted or regulated by multiple environmental factors such as light intensity, sulfur 

and phosphorus (Jähnichen et al., 2011). M. aeruginosa may protect themselves by 

emitting  information chemistry that leads to increase in MC production regardless of 

direct and indirect exposure of zooplankton (Jang et al., 2003). In terms of 

photosynthesis, M. aeruginosa may prevent photoinhibition of photosystem II by 

producing MC during low- light saturation periods (Phelan and Downing, 2011). Gan et 

al. (2012) showed significant effects of MC concentration on size of colonies of M. 
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aeruginosa spp. Allelopathic effects are reported when 50 µg MC/ mL produced by M. 

aeruginosa caused growth and nitrogenase inhibition of other cyanobacteria Nostoc 

muscorum (N. muscorum) and Anabaena (Singh et al., 2001). Li and Li (2012) reported 

that M. aeruginosa had more MC when they competed with other species.  

 

Mg is the eighth richest element in the crust and the third most abundant elements in 

brine (Atkins et al., 2010) and Mg is used in various ways. Chla is a light- harvesting 

pigment that contains Mg2+ in the center of the cyclic structure of chla (Nelson, 2013). 

Also, Mg2+ plays important role in bacteriochlorophyll a,c and d, Calvin cycle 

(photosynthetic carbon reduction cycle) and ATP synthesis in cyanobacteria (Sigee, 

2005). McSwain et al. (1976) showed that Mg2+ had an effect on protection of 

photosystem II through photooxidation of water and photoreduce NADP+ which is an 

electron acceptor of photosynthetic electron transportation of N. muscorum (Strain 

7119). Early study showed that Mg might be an important factor for cell division for 

gram- positive bacteria rather than gram- negative bacteria (Webb, 1949). A study in 

molecular biology supports the early studies on relationship between Mg and cell 

division because MgATP2-  regulates cell growth through (Rubin, 2005). 

 

The purpose of this study is to investigate the effects of Mg2+ concentrations and light 

intensities on the growth and MC production of M. aeruginosa grown in batch cultures. 

OD740nm, chla concentrations, Mg2+ concentrations, MC concentrations of M. aeruginosa, 

pH in media were measured. Cellular morphology observations were also conducted. 
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Fig 1. Chemical structure of MC- LR (Puddick et al., 2014). Masp is β-methyl-D-

isoAspartic acid and Mdha is N-methyldehydro-Alanine.  
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2 Methods 

 

2.1. Organism and growth conditions 

Microcystis aeruginosa (PCC7806) was used in this study. M. aeruginosa was grown in 

batch cultures in 2 L glass flasks with 1.8 L of sterilized O2 media. (van Liere and Mur, 

1978) There were 4 different modifications of the O2 media with different proportions 

of MgSO4 (Table 2.1). The media were autoclaved at 120 °C for 20 minutes. The 

autoclaved medium was added 18mL of Fe solution and 9 mL sterile filtered (VWR 

Sterile Syringe Filter 0.2μm Cellulose Acetate) NaHCO3 solution. 10 mL of M. aeruginosa 

strain was added to each glass bottle from a stationary pre culture. MgSO4 was used as 

Mg source. The different Mg2+ treatments: 10, 25, 50 and 100% (100% of Mg2+ is the 

ordinary O2 medium working as control) were performed in duplicate. Na2SO4 was 

added in order not to change the amount of SO4
2-. The work was done under controlled 

conditions in a cabinet. 

 

Table 2.  Composition of each media used in the growth experiments with Microcystis 

aeruginosa.  

Composition   Mg2+ concentration in media 

10%  25% 50%  100%  

NaNO3 500 mg/L 

K2HPO4 25 mg/L 

MgSO4 5 mg/L 12.5 mg/L 25 mg/L 50 mg/l 

CaCl2 13 mg/L 

Na2SO4 25.9 mg/L 21.6 mg/L 14.4 mg/L 0 mg/L 

Fe solution* 10 mL/L 

NaHCO3 5 mL/L 

Microelement 

solution** 
1 mL/L 

* Fe- solution composition 

10mL FeCl3- solution (2.80g FeCl3 in 100mL 0.1N HCl) and 9.5 mL EDTA solution (EDTA- 

Na2 3.90g/L in 100mL NaOH) are mixed and filled up till 1000mL with distilled water.  
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**Microelement solution composition 

2.86g/L H3BO3, 1.81g/L MnCl2 · 4H2O, 0.002g/L (NH4)6 MoO24 · 4H2O, 0.22g/L ZnSO4 · 

7H2O and 0.08g/L CuSO4 · 5H2O are mixed and filled up to 1000mL. 

 

Cultures were grown in an incubator (Termaks cabinet) at 25 °C with low light intensity 

(8 μEm-2s-1) during experiment 1 and higher light intensity (75 μEm-2s-1) during the 

second experiment (Fig.2). Light intensity was measured by using a photometer (LIGHT 

METER MODEL LI-250). The white light tubes (Nelson GARDEN® Art: 5590) above the 

bottles were covered by paper to regulate the light intensity in experiment 1. One light 

tube was used at each shelf in experiment 1 and two light tubes in experiment 2. The 

glass flasks were bubbled with air through 1 mL glass pipets and a VWR Sterile Syringe 

Cellulose Acetate Filter (0.2 μm). The glass flasks were moved systematically to different 

positions every second day. The experiment under low light intensity and higher light 

intensity were conducted for 42 days and 24 days, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Experimental equipment for growing M. aeruginosa in the incubator  

(Photo by Hoyoung Joo).  

2L glass flask 

Air pump 

0.2 μm cellulose acetate membrane filter 

1 mL glass pipette 

Light tube covered by paper 
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2.2. Sampling 

The sampling was performed every second day, taking 50 mL of each treatment by 

sterilized 50 mL pipets. 2 mL of each sample was frozen in glass tubes to measure MC 

concentrations and 5 mL was stored in plastic containers to measure Mg2+ 

concentrations. Samples for measuring chla concentrations were filtrated through 

Whatman GF/C glass microfibers filters. The filters were wrapped by aluminium foil to 

prevent samples from light and stored in a freezer (-18 °C).  

 

2.3. Analysis 

The morphology of the Microcystis cells was observed by using a hemocytometer (0.100 

mm Tiefe Depth Profondeur) and a microscope (Olympus CX21) at 400 times 

magnifications. 

 

OD was measured by a spectrometer (PerkinElmer UV/VIS Spectrometer Lambda 25) 

using 10 mm quartzite cuvette and 740 nm wavelength.  

 

pH was measured by a pH meter (SevenCompactTMS210). 

 

Chlorophyll a was extracted by 90% acetone overnight. The chla concentrations were 

measured by the spectrometer after the samples were centrifuged at 4000 rpm for 10 

minutes. The samples were added in 50 mm quartzite cuvette and measured by the 

spectrometer using 665 nm and 750 nm (Norges Standardiseringsforbund, 1983).  

 

Before analyzing the Mg2+ concentrations, samples were filtrated by Pall Corporation 

Supor® 0.45 μm 25 mm PES filters to remove particles.Mg2+ concentrations were 

measured by atomic absorption spectrometer (PerkinElmer HGA900 Graphite Furnace). 

Standard curves were made by using standards of 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 and 10.0 mg 

Mg2+/L. The wavelength of the absorption was 285.2 nm 

(Standardiseringskommissionen I Sverige, 1993). 

 

The concentration of MC in the samples was measured by using ELISA. Only selected 

samples were analyzed for MC content due to the expensive assay. MC ELISA kits 
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(Abraxis, Biosense laboratories 520011) were used for the measurement. MC 

concentrations were assessed by using ELISA Accu Reader at the wavelength 450 nm. In 

order to quantify the amount of MCs, the samples were diluted by 10, 20, 50, 100, 500 

and 1000 times if needed to be inside the standard curve of the MC kit. Standard curves 

were made from 0, 0.15, 0.4, 1.0, 2.0 and 5.0 μg MC/L standards.  

 

2.4. Calculation 

Growth rates (k) and generation times (g) during the exponential growth phase were 

calculated by the following formulas (Stephenson, 2016). OD740nm was used as the 

measure of biomass. 

k =  
log 𝑁−log 𝑁0

𝑡
 (Changes in biomass per unit time) 

g =  
log 2

𝑘
 (Time that takes to double the cell numbers) 

t: duration of exponential growth phase (day) 

N: Final biomass number of exponential growth phase 

N0: Initial biomass number of exponential growth phase 

 

Chlorophyll a concentration (C) was calculated by the following (Norges 

Standardiseringsforbund, 1983). 

A665K = A665 – A750  

A665 and A750 are absorbencies at 665 nm and 750 nm wavelengths, respectively. 

C =   
104∙e∙A665K

89∙V∙l
  

e: volume of acetone extract (mL) 

l: length of cuvette (mm) 

V: filtrated volume (L) 

89: coefficient of absorbency in 90 % acetone (L g-1 cm-1) 

 

2.5. Statistical analysis 

Correlation between chla concentrations and OD740nm was tested. Correlation 

coefficients (r) were calculated (Whitlock, 2015). 
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2.6. Source of possible errors 

The morphology of the samples was observed except for Day 0 of the experiment 1. 

Plastic tubes were used to homogenize filters with chlorophyll instead of glass tubes. 

Chlorophyll was extracted by adding 10 mL 90 % acetone. Chlorophyll concentrations 

with more than 0.05 A750 were accepted in this study. Filtered volume might give 

influence on analyses (Appendix 1, 2). 
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3 Results 

 

3.1. Mg2+ concentration in media 

Mg2+ concentrations at low light intensity were stable and those at high light intensity 

showed decreasing trends during the experiments (Fig 3.1). Mg2+ concentrations in 10 

% Mg2+ media at high light intensity dropped down from 0.5 to 0.1 mg/L in the end of 

the experiment.  

Fig 3.1. Mg2+ concentrations (mg/L) in media growing M. aeruginosa at a) low and b) 

high light intensity. Blue rhombus, red square, green triangle and purple circle show 

average values (av)  of 10, 25, 50 and 100 % Mg2+(mg/L) media, respectively (100 % 

equals normal O2 media). 

0

1

2

3

4

5

6

7

0 10 20 30 40 50

M
g2+

 c
o

n
ce

n
tr

at
io

n
 (

m
g/

L)
 

Time (Day) 

b)   

av 10%

av 25%

av 50 %

av 100%

0

1

2

3

4

5

6

7

0 10 20 30 40 50

M
g2

+ 
co

n
ce

n
tr

at
io

n
 (

m
g/

L)
 

Time (Day) 

a) 

av 10%

av 25%

av 50%

av 100%



 

  

___ 

17 
 

3.2. pH in media 

pH showed increasing trend after lag phase and reached highest values in stationary 

phase (Fig 3.2). pH at low light intensity started increasing at Day 10 which is the 

beginning of the exponential growth phase and flattened out from Day 28 at about pH 

9. At high light intensity, pH started increasing at Day 4, which was earlier than at low 

light intensity. The highest pH was 9.3 at Day 32 and 10.7 at Day 8 at low and high light 

intensity, respectively. The largest difference in pH among treatments was 0.5 at Day 20 

and 1.2 at Day 14 at low and high light intensity, respectively. 

Fig 3.2. pH during the experiments with M. aeruginosa grew at a) low and b) high light 

intensity. Black horizontal line shows the maximum and minimum values. Black circles 

show the average pH values. 
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3.3. Biomass of M. aeruginosa 

OD740nm showed increasing trends in both the experiments but the periods of lag phase 

were different in length (Fig.3.3.1). At low light intensity the maximum duration of the 

lag phase was 12 days and OD740nm increased exponentially. The periods of the 

exponential growth phase were during Day 8 to Day 22, Day 12 to Day 24, Day 8 to Day 

20 and Day 6 to Day 16 in 10, 25, 50 and 100 % Mg2+ media, respectively. The 

exponential growth phase at high light intensity started at Day 2, which was earlier than  

 

Fig 3.3.1. OD740nm using logarithmic scale illustrating the growth of M. aeruginosa grown 

in different Mg2+ concentrations at a) low and b) high light intensity. Blue rhombus, red 

square, green triangle and purple circle show average values (av) of 10, 25, 50 and 100 

% Mg2+(mg/L) media, respectively (100 % equals normal O2 media). 
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at low light intensity. The growth of M. aeruginosa at high light intensity seemed to 

reach the stationary phase at Day 10. The maximum value of OD740nm was 0.85 at Day 

42 measured in 100 % Mg2+ media at low light intensity and 1.2 in 25 % Mg2+ media at 

Day 24 at high light intensity.   

 

M. aeruginosa had higher growth rates and lower generation times during the 

exponential phases at high light intensity than those at low light intensity (Table. 3.3). 

The specific growth rate during the log phase was 0.1 in 25, 50, 100 % Mg2+ media at 

low light intensity and 0.3 in high light. The longest generation time was 4.1 days in 10 

% Mg2+ media at low light intensity and the shortest one was 1.3 days at high light 

intensity and 50 % Mg2+ media. 

 

 Table3.1. Growth rates and generation times during the log phase accompanying the 

growth of M. aeruginosa in 10, 25, 50 and 100 % Mg2+ concentration media. Gray and 

white colors show low and high light intensity, respectively. 

 

Chla concentration is also regarded as one of the biomass parameters. Chla 

concentrations at both light intensities showed increasing trends and the treatment at 

higher intensity increased earlier (Fig 3.3.2). At low light intensity, chla concentration 

increased exponentially and flattened out at 1.2 mg/L from Day 28. On the other hand, 

chla concentrations at high light intensity started increasing at Day 8, which was earlier 

than at low light intensity. The maximum value of chla concentration was 1.3 mg /L in 

100 % Mg2+ media at Day 40 and 3.6 mg/L in 25 % Mg2+ media at Day 22, at low and 

high light intensity, respectively. The Chla concentration in 25 % Mg2+ media increased 

from 1.1 mg/L to 3.6 mg /L during Day 18 to 20 at high light intensity.  

Mg2+ concentration   10% 25% 50% 100% 

Growth rate (day-1) 
0.1 0.1 0.1 0.1 

0.2 0.2 0.2 0.2 

Generation time 

(day) 

4.1 3.9 3.9 3.4 

1.4 1.4 1.3 1.4 
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Fig 3.3.2. Changes in chla concentration (mg/L) as a measure of the biomass of M. 

aeruginosa grown at a) low and b) high light intensity. Blue rhombus, red square, green 

triangle and purple circle show average values (av)  of 10, 25, 50 and 100 % Mg2+(mg/L) 

media, respectively (100 % equals normal O2 media). 
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The biomass parameters had strong positive linear correlations at low light intensity (r< 

0.974) and high light intensity (r< 0.861) (Fig 3.3.3 and Table 3.3).  

 

Fig 3.3.3. Correlation between chla concentration (mg/L) and OD740nm of M. aeruginosa 

at a) low and b) high light intensity. Blue rhombus, red square, green triangle and purple 

circle show average values (av)  of 10, 25, 50 and 100 % Mg2+(mg/L) media, respectively 

(100 % equals normal O2 media). 
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Table 3.2. Correlation coefficients between chla concentration (mg/L) and OD740nm. Grey 

zone shows the results at low light intensity and white shows at high light intensity. The 

sample numbers are 22 and 13 at low and high light intensity, respectively. 

Parameters 
Mg2+ concentration 

in media 
r (correlation coefficient) 

(Chla, OD740nm) 

10% 0.987 0.936 

25% 0.994 0.861 

50% 0.985 0.982 

100% 0.974 0.947 
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3.4. MC of M. aeruginosa 

MC concentrations increased at both light intensities and MC concentration at low light 

intensity increased more slowly than at high light intensity (Fig. 3.4.1). While MC 

concentrations at low light intensity at Day 10 were less than 0.1 mg/L, those at high 

light intensity were more than 1.3 mg/L at Day 12. The maximum value of MC was 1.4 

mg/L in 100 % Mg2+ media at Day 42 and 2.8 mg /L in 25 %Mg2+ at Day 24 at low and 

high light intensity, respectively. 

 Fig 3.4.1. MC concentrations (mg/L) of M. aeruginosa at a) low and b) high light 

intensity. Blue rhombus, red square, green triangle and purple circle show average 

values (av) of 10, 25, 50 and 100 % Mg2+(mg/L) media, respectively (100 % equals 

normal O2 media). 
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The ratio between MC and M. aeruginosa biomass measured as OD740nm increased at 

around the beginning of the exponential growth phase at low light intensity and at 

stationary phase at high light intensity (Fig 3.4.2). The highest value was 2.5mg/L in 25 

% Mg2+ media at Day 10 and 2.8 mg/L in 100 % Mg2+ media at Day 12 at low and high 

light intensity, respectively.  

 

Fig 3.4.2. MC concentration (mg/L) in relation to OD740nm showing the toxin content of 

M. aeruginosa at low and high light intensity. Blue rhombus, red square, green triangle 

and purple circle show average values (av)  of 10, 25, 50 and 100 % Mg2+(mg/L) media, 

respectively (100 % equals normal O2 media). 
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The ratio between MC concentration and M. aeruginosa biomass measured as chla 

concentration showed peaks during the exponential growth phase except for 100 % 

Mg2+ media at low light intensity and the stationary growth phase at high light intensity 

(Fig. 3.4.3). The maximum values were 1.3 at Day 12 and 2.1 at Day 12 and Day 18 at 

low and high light intensity, respectively.  

  

Fig. 3.4.3. MC concentration (mg/L) in relation to chla concentration (mg/L) 

accompanying the growth of M. aeruginosa at a) low and b) high light intensity. Blue 

rhombus, red square, green triangle and purple circle show average values (av)  of 10, 

25, 50 and 100 % Mg2+(mg/L) media, respectively (100 % equals normal O2 media). 
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3.5. Morphology of M. aeruginosa  

Most M. aeruginosa had spherical cells, existed alone as separate cells and the color 

was green regardless of light intensity. Some existed as colonies and the sizes of the 

colonies varied. When M. aeruginosa was grown at high light intensity, some of them 

had yellowish color during the experiment (Appendix 3).  
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4 Discussion 

 

4.1. Effects of light intensity for Mg2+ uptake of M. aeruginosa 

The result of Mg2+ concentrations indicates that higher light intensity may affect the 

Mg2+ uptake by M. aeruginosa (Fig 3.1. b) and low amounts of Mg2+ might be taken up 

by M. aeruginosa at low light intensity (Fig 3. 2. a) Mg2+ contents of M. aeruginosa 

should be measured to clarify the Mg2+ uptake by M. aeruginosa. More Mg2+ may be 

taken up to maintain photosynthetic pigments during the stationary phase and death 

phase of M. aeruginosa at high light intensity. Mg2+ was reported as a protector of 

photosystem II from water- photooxidation and a mediator to convey electrons from 

water to NADP+ (McSwain et al., 1976). Higher light intensities attributes the damage of 

photosynthetic electron transport (Whitelam and Cold, 1983). Through these previous 

studies, it may be considered that Mg2+ is used for keeping light- inducing electron 

transport.  

 

Another suggestion for the future experiments to investigate effects of Mg2+ 

concentrations is to use less Mg2+ concentrations for growth of M. aeruginosa. Utkilen 

(1982) conducted his experiments by increasing Mg2+ concetrations from 2µM to 1mM 

Mg2+. He showed that growth rates of Anacystis nidulans (A. nidulans) reached the 

stationary value 0.2 h-1 at higher Mg2+ concentrations than 5 µM.  This study used 20.3, 

50.7, 101, 202 µM Mg2+ concentrations in the media (0.5, 1.2, 2.5 and 4.9 mg Mg2+/L) 

and the concentrations might be too high to affect growth of M. aeruginosa. Zhao et al. 

(2011) investigated relationship between growth of M. aeruginosa and Mg2+ 

concentrations (0, 2, 7, 10 and 20 mg Mg2+/L) in media. They observed less biomass in 0 

mg Mg2+ /L media. It could be suggested from the opinions above that 

Mg2+concentrations less than 5 µM should be used to analyze the effect of Mg2+ 

concentrations on growth of M. aeruginosa. 

 

4.2. Effects of light and Mg2+ on growth of M. aeruginosa 

The results of OD740nm suggest that Mg2+ concentrations affects the onset of 

exponential growth phase at low light intensity while the growth curves at high light 
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intensity show no differences in onsets of exponential growth phase (Fig 3.3.1). A 

possible explanation of different onsets of exponential growth phase is that Mg2+ can be 

a limiting factor of dividing cells during lag phase at low light intensity. It is indicated 

that Mg2+ influences the cell size and cell division as a common mechanism (Utkilen, 

1982). The more light intensity M. aeruginosa is exposed to, the less Mg2+ 

concentrations seem to influence the cell divisions. The exponential growth phase at 

high light intensity started at the same day regardless of Mg2+ concentrations in media. 

Higher light intensities between 21 to 145 μEm-2s-1 facilitate the growth of M. 

aeruginosa UV-006 (Van Der Westhuizen and Eloff, 1985).  The growth rate during the 

exponential phase indicate that at least light intensity affects the growth rate of M. 

aeruginosa but  the effects of Mg2+ concentrations could be discussed. Light intensity 

and Mg2+ concentrations can be important factors for cell division during the growth of 

M. aeruginosa. It is reported that there is no significant differences between  the 

growth curves of MC producing PCC7806 and MC- deficient mutants (Hesse et al., 

2001). Effects of MC on the growth of M. aeruginosa can therefore be ignored.  

 

The chla concentrations indicate that chla concentrations increase at higher light 

intensity in this study (Fig 3.3.2). Kaebernick et al (2000) observed decreasing trend of 

chla concentrations at light intensities from 16 to 68 μEm-2s-1. In addition, decrease in 

chla contents of M. aeruginosa between 4 and 110 μEm-2s-1 (Hesse et al., 2001) and 

between 20 and 565 μEm-2s-1 (Raps et al., 1983) have been reported. A possible reason 

could be the extraction limit of chla in 90 % acetone. At low light intensity, chla 

concentrations reached a threshold at around 1.2 mg/L. Also, chla concentrations in 50 

and 100 % Mg2+ media at high light intensity reached stable value at around 1.2mg/L. It 

is speculated that chla of these media might have been extracted less effectively. It is 

suggested that the volume of acetone should be changed, depending on the amount of 

chla. Another suggestion is to filter sample volumes that do not clog the filter. Myers et 

al. (2013) suggested that OD can be better biomass parameter compared to pigment 

concentration.  

 

The results of linear correlation between OD740nm and chla concentrations indicate 

strong correlations (Fig 3.3.3, Table 3.2). Only the chla concentration in 25 % Mg2+ 
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concentration showed a correlation factor below 0.9 (Table 3.2). A possible reason is 

that the chla concentrations had stable values during Day 10 to Day 18 (Fig 3.3.2 b). Sun 

et al. (2012) reported strong correlations between chla concentrations and biomass of 

M. aeruginosa FACHB- 905 grown under laboratory conditions. Phytoplankton biomass 

and chla concentrations showed significantly positive correlations in a field study by 

Vörös and Padisák (1991).  

 

Previous studies indicated that high pH may decrease the growth rate of M. aeruginosa. 

M. aeruginosa had the lowest growth rate at pH 10.5 compared to the growth rates at 

pH 9.0, 9.5 and 10.0. They had the highest growth rate at pH 9.0 (Van Der Westhuizen 

and Eloff, 1983). pH increased up to pH 10.7 at high light intensity because of the 

continuous CO2 addition by the air pump (Fig 3.2). Sigee (2005) mentioned that M. 

aeruginosa can form blooms at pH 11 in fresh water. Mg2+ concentrations in media may 

affect pH because Mg2+ facilitates kinetics of RuBisCO which is an enzyme of Calvin cycle 

that associates with carbon fixation (Lodish H et al., 2000). CO2 is converted to alkaline 

bicarbonate, during the carbon metabolism of Calvin cycle (Madigan et al., 2012).  

 

4.4. Effects of light and Mg2+ on MC contents 

The results of this study for MC indicate that MC concentrations increased concomitant 

with increase of light intensities (Fig 3.4.1). The higher light intensity M. aeruginosa is 

exposed to, the more MCs are produced (Wiedner et al., 2003). Results of OD and chla 

in this study may be a support the findings by Oh et al. (2001) that MC concentrations 

significantly correlate to chla concentrations and phytoplankton number.  

 

MC contents of M. aeruginosa (MC concentrations to OD and chla) in this study 

increased during the exponential growth phase or stationary phase (Fig 3.4.2 and 3.4.3). 

Although this study reports only 5 days for each experiment, it supports the findings by  

Lee et al. (2000) that maximum MC contents of M.aeruginosa occurs during the 

exponential growth phase and decrease during the stationary phase. El Semary (2010) 

also showed the increase in MC during the stationary phase of M. aeruginosa.  
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The observation of this study indicates that maximum MC contents are found at high 

light intensity (Fig 3.4.2 and 3.4.3). Wiedner et al (2003) observed that maximum MC 

contents was measured at a light intenisty of 126 μEm-2 s-1 in continuous culture 

systems compared to MC contents at light intensity of 29 μEm-2 s-1. Kaebernick et al 

(2000) also showed maximum MC content (3.43 ± 1.04 10-5 pmol/cell) at 68 μE m-2s-1 in 

batch culture of M. aeruginosa.  

 

 

4.5. Effects of light and Mg2+ for morphology of M. aeruginosa cells 

The results of morphology indicated that light intensity might cause chlorosis at high 

light intensity (Appendix 4). Chlorosis may have happened at a light intensity higher 

than 37 μEm-2s-1 that was found to damage phycobilisomes and photosystems by 

Phelan and Downing (2011). Also proportion of photosynthetic pigments caused the 

color variations of each cell because M. aeruginosa have chlorophyll a, 

bacteriochlorophylls and carotenoids (Sigee, 2005). It is necessary to measure other 

photosynthetic pigments to check the proportion. Effects of Mg2+ on morphology of M. 

aeruginosa cells appear to be unclear. Some studies, including this study, implied Mg2+ 

influence on cell division and growth of various organisms such as bacilli and 

cyanobacterium A. nidulans (Rubin, 2005, Utkilen, 1982, Webb, 1949). It is necessary to 

observe cellular tissues by more precise microscope to check morphological changes.  
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5 Conclusion 

 
The results showed some effects of Mg2+ and light intensity on the growth and MC 

production of M. aeruginosa. Mg2+ affected the cell division in the lag phase of M. 

aeruginosa and the time of lag phase. Higher light intensity facilitates the growth of 

M. aeruginosa. Chla concentrations and OD740nm showed strong correlations at both 

high and low light intensities. Higher light intensity also increases MC 

concentrations. However, effects of Mg2+ concentrations on MC concentrations 

were not figured out. Cells of M. aeruginosa can have risks of chlorosis at high light 

intensity. 

 

Further studies are necessities to figure out the Mg2+ cellular contents of M. aeruginosa 

to clarify the cellular usage of Mg2+. It may be interesting to observe cellular changes by 

using microscope with larger magnification. Using media less Mg2+ concentration than 5 

µM in media may provide more insight in the growth and MC production of M. 

aeruginosa. 
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Appendix 3: Color status of cells of M. aeruginosa at high light intensity in duplicates of 
10, 25, 50 and 100 % Mg2+ media in duplicate. G: green, Y: yellow, YG: yellow green.  
 

Day  ①10% ②10% ①25% ②25% ①50% ②50% ①100% ②100% 

0 G G G G G G G G 

2 G G G G G G G G 

4 G G G G G G G G 

6 G G G G G G G G 

8 G G G G G G YG YG 

10 G G G G G G G G 

12 YG G G G YG G G YG 

14 Y G G G YG G YG Y 

16 YG G G G G G G YG 

18 YG G G G G G G G 

20 G G G G G YG YG G 

22 G G G G G YG YG G 

24 G G G G G YG YG G 

 
 
 


