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Abstract 

The variety of phenotypes of cyanobacteria is accompanied by morphological plasticity changing accordingly to 

different environmental or culture conditions. In this research, the effect of different treatments of liquid 

mixotrophe on morphological responses, structural changes and biometrical of Anabaena sp. ISC55 were studied. 

This investigation was performed in time periods of weekly and daily. Due to the morphological variability of 

cyanobacteria in different conditions, molecular and genetics studies should be performed for identify of this 

cyanobacterium. In this study identification of Anabaena sp. ISC55 was performed based on diacritical 

morphological such as cell shape, cell size, presence or absence of sheath and 16S rRNA gene sequencing. The 

results indicated that shape and size of vegetative cells and heterocytes in this species have changed in different 

treatments of liquid mixotrophe compared with control treatment; also this species in glucose treatment has 

produced more biomass. 
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Introduction 

Cyanobacteria are one of the prokaryotic organisms 

groups that growth forms range from uni-to 

multicellular. These various growth forms have 

enabled cyanobacteria to inhabit almost every 

terrestrial and aquatic habitat on Earth 

(Schirrmeister et al., 2012). Based on fossil records, 

Cyanobacteria have occurred as long ago as 2,600 to 

3,500 million years (Myr),( Brocks et al., 1999) . 

These earliest cyanobacteria are believed to have been 

played an important role in producing an oxygen-rich 

atmosphere on earth about 2,300 Myr ago 

(Blankenship, 1992). Cyanobacteria are oxygenic 

photoautotrophic bacteria with morphologically very 

diverse and inhabiting a multiplicity of environments 

worldwide (Knoll, 2008). These organisms are 

identified according to their morphological characters 

such as morphology of vegetative cells, akinetes and 

heterocytes (Rippka et al., 1979, Rajaniemi et al., 

2005). The variety of phenotypes of cyanobacteria is 

accompanied by morphological plasticity changing 

accordingly to different environmental or culture 

conditions. This can result in misidentifications when 

using morphological analysis alone (Lyra et al., 

2001).  

 

Several properties of the 16S rRNA gene, such as 

evolutionary properties and ubiquity, have allowed it 

to become the most commonly used molecular 

marker to distinguish and establish relationships 

between cyanobacterial genera and species (Case et 

al., 2007). The environmental factors are playing an 

important role in the production of Photosynthetic 

compounds and pigments (Bennet and Bogorad, 

1973, Grossman et al., 2001, Tandeau De Marsac, 

2003). Cyanobacteria and microalgae are highly 

adaptive and can grow in autotrophic, heterotrophic 

and mixotrophic conditions. Mixotrophy, the 

combination of phototrophy and heterotrophy 

enables some algal species to use organic nutrient 

pools, augment photosynthetic energy, and function 

at multiple trophic levels (Sanders et al., 1990, Cloern 

and Dufford, 2005). Thus, it can lend a competitive 

advantage over strict phototrophs and heterotrophs 

(Bockstahler and Coats, 1993). Type of culture 

medium can achieve high cell densities and synthesize 

light-induced products such as photosynthetic 

pigments and was especially suitable for the 

production of high value bioactive compounds (Ducat 

et al., 2011). The aim of this investigation was to 

study the morphological responses and structural 

changes Anabaena sp. ISC55 to treatment of liquid 

mixotrophe. 

 

Materials and methods 

Isolation of strain 

Anabaena sp. ISC55 was isolated from soils in the 

Masjed Soleiman region (x=0339545 y=3535959) of 

Iran. Isolation and purification was made by ordinary 

methods (Andersen, 2005). Following achievement of 

axenic culture, cyanobacterium was cultivated in 

liquid and solid BG-110 medium. Preliminary 

identification of this species was performed by (John 

et al. 2002, Anagnostidis and Komarek, 1990, 

Prescott, 1962, Desikachary, 1959, Geitler, 1932).      

 

Culture conditions 

Stock cultures were grown in the BG-110 

solid medium. Temperature was maintained at 

30±1°C and cultures were bubbled with air under a 

constant light intensity of 60 µmol photon m-2 s-1 

supplied by three white fluorescent tubes. Cells in 

logarithmic phase of growth were collected from stock 

cultures and used as inoculate for experiments.  

 

Three sets of BG-110 liquid medium were prepared 

depending on 0.05% of sugars solutions  (glucose, 

fructose and sucrose) and then mixotrophe BG-110 

liquid mediumes containing Anabaena sp. ISC55 

were placed culture room and then morphological 

changes with the control sample (BG-110 

liquid medium containing Anabaena sp. ISC55) were 

compared.  

 

Morphological studies   

For morphological studies, semi permanent slides 

were prepared every day (for two weeks). These 

studies were performed by light (Labomed, X400) 
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and florescence microscopes. Factors such as type 

meetings, fluidity filament, biometry, status and color 

of trichome, the size of the vegetative and heterocyte 

cells, morphology of the terminal cells and presence 

or absence of sheath were evaluated (Rippka et al. 

1979, Rajaniemi et al. 2005). More detailed 

morphological studies were carried out by scanning 

electron microscope (SEM). 

 

PCR amplification, cloning, and sequence analysis of 

16S rRNA 

To extract DNA from the Anabaena sp. ISC55 a fresh 

biomass was prepared by centrifuging at 12000 rpm 

and using Fermentas kit (k0512). The applied PCR 

condition has been described by Nübel et al. (2000). 

PCR amplification, cloning and sequence analysis of 

16S DNA content was first extracted from the 

cyanobactrium and then PCR was applied with using 

two set of primers (Nübel et al. 1999). Sequences 

were amplified using the primers PA (5´- 

CGGACGGGTGAGTAACGCGTGA -3´) as forward 

and PH (5´- GACTACAGGGGTATCTAATCCCTTT -

3´) as reverse  PCR products were obtained by 

electrophoresis in a 1% (w/v) agarose gel using TBE 

buffer containing DNA set stain. The sequence was 

determined by the Cina Gene Company. The sequence 

data was analyzed using a similarity search by using 

the BLAST through the website of the NCBI. 

 

Statistical analysis 

Data are the means and standard deviation of at least 

three replicates. Statistical differences were examined 

by ANOVA test using software SPSS ver. 18.  

 

Results and discussion 

The classification of cyanobacteria has normally 

relied on morphological specifications which are not 

always reliable, as they may show variation on form 

depending on culturing and environmental conditions 

(Nayak et al., 2007). These problems of usual 

morphological classification, together with the 

deficiency of molecular data, pose serious hindrances 

for taxonomy of cyanobacteria (Hayes et al., 2007, 

Komárek, 2010). In this study morphological 

observations showed that in Anabaena sp. ISC55, 

communities are brown and diffused; Right trichome 

and sometimes curved; Vegetative cells are 

Rectangular – foursquare; intercalary heterocysts, 

ellipsoid or spherical; apical cell domical or spherical; 

There are around of the trichomes mucilage sheath 

that  is very thin,  amorphous. 

 

Morphological studies Anabaena sp. ISC55 in BG-110 

liquid medium (control) was performed by photos 

provided with optical, SEM and fluorescence 

microscopes that life cycle of Anabaena sp. ISC55 and 

results were seen in figs. 1 and 2. 

 

 

Fig 1. life cycle of Anabaena sp. ISC55 in BG-110  

liquid medium (control) by light microscope. (A) First 

day, (B) Third day, (C) Fifth day, (D) Seventh day,  

(E) Ninth day. 

 

 

Fig 2. Anabaena sp. ISC55 in BG-110 liquid medium 

(controle). (A) fluorescence, (B) SEM. 
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Morphological studies by light microscope in 

treatments of liquid mixotrophe were shown that in 

glucose, sucrose and fructose treatments, shape, color 

and size of vegetative and heterocyte cells on every 

day and in every treatment were different. vegetative 

cells were divided in glucose, sucrose and fructose 

treatments on third, fifth, seventh and ninth days and 

most cell divisions were done in glucose treatment 

while cell divisions in control treatment were done on 

seventh and ninth days and intensity of division was 

much less. Also there was the maximum of akinets in 

fructose medium on ninth day that this akinets were 

divided. (fig.3, 4and 5). With increase of cell divisions 

were produced more biomass in liquid mixotrophe 

and especially in glucose treatment. Biomass changes 

on third, fifth, seventh and ninth days compared with 

control have significant difference (ANOVA, p<0.05) 

(Fig. 6). 

 

 

Fig 3. Anabaena sp. ISC55 in glucose medium by 

light microscope. (A) Third day, (B) Fifth day, (C) 

Seventh day, (D) Ninth day 

 

 

Fig 4. Anabaena sp. ISC55 in sucrose medium by 

light microscope. (A)Third day, (B) Fifth day, (C) 

Seventh day, (D) Ninth day. 

 

 

Fig 5. Anabaena sp. ISC55 in fructose medium by 

light microscope. (A) Third day, (B) Fifth day, (C) 

Seventh day, (D) Ninth day. 

 

 

Fig 6. Growth curve comparison of Anabaena sp. 

ISC55. 
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Biometrical studies were shown that the pattern of 

changes in average length of vegetative cells on third, 

fifth, seventh and ninth days and in average diameter 

of vegetative cells and average length and diameter of 

heterocytes on fifth, seventh and ninth days have 

significant difference in glucose, sucrose and fructose 

mediums compared with control (ANOVA, p<0.05). 

(Fig. 7, 8, 9 and 10). 

 

 

Fig 7. Comparison of the average length of vegetative 

cells in BG-110  liquid medium and liquid mixotrophe 

treatment. 

 

 

Fig 8. Comparison of the average diameter of 

vegetative cells in BG-110 liquid medium and liquid 

mixotrophe treatment. 

 

 

Fig 9. Comparison of the average length of 

heterocytes in BG-110 liquid medium and liquid 

mixotrophe treatment. 

 

Fig 10. Comparison of the average diameter of 

heterocytes in BG-110  liquid medium and liquid 

mixotrophe treatment. 

 

Algal cultures are influenced by a variety of 

environmental factors and they play a significant role 

in the production and composition of the 

photosynthetic pigments (Bennet and Bogorad, 1973, 

Grossman et al., 2001, Tandeau De Marsac, 2003). 

This study was shown that morphology, size and 

division of cells are different in liquid mixotrophe 

treatment. That cause of them can be changes in 

photosynthetic products. (Vigaya et al. 2009, Ostroff 

et al., 1980, Latała and Misiewicz, 2000). Also 

Mixotrophy may increase trophic efficiency (Sanders, 

1991) and is an important pathway for nutrient 

cycling in some biosystems (Bird and Kalff, 1987, 

Maranger et al., 1998, Stibor and Sommer, 2003). 

  

Morphological and biometrical studies in different 

environmental conditions indicate that there are 

morphological diversity and high adaptability in 

Anabaena sp. ISC55. Therefore molecular studies 

such as sequence analysis of 16S rRNA are essential 

for accurate identification of this species. Scientists 

have also confirmed this topic that besides 

morphological studies, it is currently accepted that 

characterization and taxonomy of cyanobacteria must 

combine multidisciplinary approaches (Gillis et al., 

2005, Hayes et al., 2007, Komárek, 2010) This so-

called polyphasic methodology (including phenotypic, 

chemotaxonomic and genotypic data) has been 

increasingly followed by many cyanobacteriologists 

worldwide, e.g., Nayak et al. (2007), Li et al. (2008), 

Saker et al. (2009) and Schleifer (2009). Among the 
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molecular methods, the analysis of the 16S rRNA gene 

sequences has proved to be a useful tool for exploring 

phylogenetic relationships among cyanobacteria 

(Willame et al., 2006, Pan et al., 2008, Han et al., 

2009, Zapomeˇlova´ et al., 2010). Molecular studies 

in Anabaena sp. ISC55 on the conserved region of 16S 

rRNA was performed by using specific primers for 

cyanobacteria. This region is a highly variable region 

that enables precise molecular diagnosis of genus. 

Comparison of gene sequences of sample studied in 

Gene Bank (http://www.nbci.nlm.nih.gov/BLAST) 

NBCI due to blasting operations (BLAST) showed that 

Anabaena sp. ISC55 with number GU584196 on 

NBCI database is accessible.  
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