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Abstract

Cyanobacteria have a high morphological
flexibility, so their identification is problematic.
In this research, identification and morpholog-
ical variability of indigenous cyanobacterium
Anabaena sp. ISC 55 Bory ex Bornetet Flahault
(Nostocaceae) is investigated disciplines-wide.
For this purpose, soil samples were cultured in
BG110 medium and Anabaena sp. ISC 55, af-
ter isolation and treatment with different pH (5,
7 and 9) and salinities (0, 1, 2, 3, 4 and 5%),
which then were followed biometrically and
morphologically in solid and liquid medium
via light and florescent microscope. Also, wall
and cell variation was evaluated by scanning
electron microscope (SEM). Morphological
and molecular identification was carried out by
valuable keys and 16s rDNA partial sequenc-
ing respectively. The results indicated that mor-
phological variation of Anabaena sp. ISC 55
is dependent on the effect of pH and salinity.
Biometric analysis implied that heterocyst and
akinet shape is one of the most stable features
and can be considered as a distinguishable
character. The effect of pH is more highlighted
in comparison with to salinity. In salinities less

than 1% and alkaline condition, optimum con-

dition for colonization is prepared and clump
shape of colonies can be considered as a stable
character. Molecular identification confirmed

the morphological one.

Keywords: Anabaena, Morphological varia-
tion, pH, Salinity, SEM, 16s rDNA.

Introduction

Cyanobacteria, the ancient form of life,
form massive diversity in morphology and
genetic during their long and slow evolution
from simple unicellular organism to complex
filamentous organism (Whitton 1992). Genera
of the Stigonematales and Nostocales exhibit
the highest degree of morphological complexi-
ty and differentiation within the cyanobacteria
(Anagnostidis and Komarek, 1985; Casten-
holz, 2001). The complex variety of forms or
developmental stages exhibited by terrestrial
and marine cyanobacteria may include versatil-
ity of aggregations, shape of colony, cell form
and dimensions, granule position and unicellu-
lar reproductive agents including heterocysts
and akinetes, make them the most difficult and
discouraging organism from taxonomical point

of view. However, a polyphasic study includ-
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ing traditional and modern taxonomy, physiol-
ogy, and biochemistry is needed to determine
the real place of a special organism as a whole;
although it has been emphasized that taxono-
my had based on morphological characters yet
(Anagnostidis and Komarek, 1985).

Cyanobacteria are exposed to many variable
factors in the habitats and their survival de-
pends on the ability to their acclimization. Sa-
linity, one of the most important environmental
factors,determines the natural distribution of cy-
anobacteria (Valiente-Fernandez and Leganes,
1989). Furthermore, pH clearly impacts it. A
wide range of adaptation to pH has been ob-
served not only among different genera but also
between different isolates of the same species,
although most cyanobacteria are alkaliphile and
their best growth is observed in cultures with pH
range between 7 to 10 in laboratory, (Soltani et
al., 2006; Poza-carrion et al., 2001).

Genus Anabaena, belonging to the order Nos-
tocales, family Nostocaceae, is one of the fa-
mous and ubiquitous cyanobacteria with un-
branchedheterocystous filaments (Komarek,
2010). Previous studies show that epidaphic
and endaphic forms of this genus may have
been affected by a network of environment
fluctuations, including salinity and pH. As field
observation cannot provide complete informa-
tion on morphological plasticity in response to
the chaotic and hard variety of environmental
conditions, so laboratory studies seem to be es-
sential at least at the first step of characteriza-
tion. Despite the considerable studies on cyano-
bacteria in the world including growth (Rosales
et al., 2005), photosynthesis (Suleyman et al.,
2008; Srivastava et al., 2011; Allakhverdiev et
al., 2000); carotenoids and phycocyanin (Sund-
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aram and Soumya, 2011), little is known about
morphological variation against fluctuation of
environmental factors. Accordingly, the mi-
croscopical techniques, most frequently used
to determine the diversity of cyanobacteria in
terms of morphology, not only using classical
light microscopy, but also by scanning electron
microscopy (SEM) (Herndndez-Mariné et al.,
2004). With respect to the molecular taxono-
my and floristic researches, a few reports are
presented from Iran (Shariatmadari et al., 2011;
Shokravi et al., 2012; Soltani et al., 2011).This
research was conducted to evaluate the mor-
phological characterization of cyanobacterium
Anabaena sp. ISC 55 exposed to elevated pH

and salinity.

Materials and Methods
Collection

Strain selection and Incubation Soil samples
were collected from south of Iran (Khuzestan
Province). The collected soils were cultured
by usual methods and isolation was carried out
by plate agar (Andersen, 2005). Stock cultures
were grown in BG110 medium. The cultivation
was done under constant illumination 60uE
m~2s!, supplied with three 40W cool white flu-
orescent tubes; different pH (5, 7 and 9) and
salinities (1,2,3,4 and 5%) both in liquid and
solid cultures with same medium. The tempera-
ture was adjusted on 30 + 1°C.
Morphological studies
Morphological identification was done ac-
cording to John et al. (2003) and Desikachary
(1959). Biometrical information and morpho-
logical observations were made in liquid as
well as solid media. Thallus growth, form of

aggregations, filament structure, presence or
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absence of sheath, form and position of the het-
erocysts and akinetes, multiplication, were re-
corded (Gugger and Hoffmann, 2004). Colony
formation and cell shapes were evaluated

by light, epifluorescence, and electron micro-
scope every other day during two weeks. The
growth curves were attained via measurement
of chlorophyll daily.

PCR amplification, cloning, and sequence
analysis of 16S rRNA to extract DNA from
the Anabaena, a fresh biomass was obtained
by centrifuging at 12000 rpm and using Fer-
mentas kit (k0512). The applied PCR condition
has been described by Niibel et al. (2000). PCR
amplification, cloning, and sequence analysis
of 16S DNA content was first extracted from
the cyanobactrium, and then PCR was applied
using two set of primers. Sequences were am-
plified using the primers106F:
(5’-CGGACGGGTGAGTAACGCGT-
GA-3’and Rb: (5’- GACTACAGGGGTATCTA-
ATCCCTTT-3’). 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 GeneFa-
nAvaran Company with the primers. The se-
quence data was analyzed using a similarity
search by using the BLAST and through the
website of the NCBI.

Electron Microscopy Techniques
Morphological variation was carried out by
light and scanning electron microscope. For
scanning electron microscopy (SEM), samples
were fixed in 2.5% glutaraledehyde and washed
in buffer phosphate. They were then centrifuged
and dehydrated in successively increasing con-
centrations of methanol (10%, 30%, 50%, 70%

and 100%). Finally, all samples were mounted on
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metal stubs and coated with a layer of gold.
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
Sequence analysis

(The sequence of the 16S rRNA) gene was
determined for Anabaena sp. ISC 55. The se-
quences were compared with those of represen-
tative heterocystous (4nabaena) cyanobacteria
available in GenBank (http://www.ncbi.nlm.
nih.gov/BLAST). The 16S rDNA sequences
were combined with other Anabaena species
available in the database. 16S rDNA gene se-
quence similarities of 97% within Anabaena
sp. were observed. The nucleotide sequences
described in this study have been submitted to
the NCBI under the accession number NCBI:
GU290484.
The effects of different salinities (1, 2, 3, 4 and
5%) and pHs (5, 7 and 9) on solid cultures of
Anabeanasp. ISC 55, are shown in Figure 1.
It seems obvious that the saltless media with
alkaline pH may provide better condition for
survival of the strain (Fig. 1). At this provision,
aggregations
tended to make a clump and separated green
and brown community. Attention to the ag-
gregations revealed the mucilage layer around
whole communities that may be seen at the out-
er sides as in Figure 2B. Presence of individual
sheath in each trichome may be seen in salt free
culture medium, especially in pH9 (Fig. 2, 2A).
Our observation indicated that heterocyst had

both apical and intercalary positions. There
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were numerous heterocysts obviously in con-
trol (Figs 3 and 4). It seems that frequency and
dimensions of heterocysts were more affected
by salinity and pH fluctuations than their form
(Table 1 and 2).

By increasing salinity, colonization grew slow-
ly in both solid and liquid conditions in com-
parison with those of control. Akinetes were
formed at chains in about 5% salinity. They
appeared conspicuously larger than the other
cells. Different salinities,especially at the sec-

ond week (8 days after inoculation), caused

conspicuous morphological changes which
were seen in all treatments.

Extreme high salinity (more than 1%) caused
separation and degeneration of the aggrega-
tions and cells (Figure 4 B). As it is shown, the
length and width of remainder vegetative and
heterocyst cells were reduced by elevated sa-
linity (Table 1 and 2). In fact, the results im-
plied that salinity stimulated degeneration of

filaments; moreover, cells began to drift apart

from each other.

Fig.1. Samples in various concentrations of salinity (A) and pH (B) in solid culture.

A

Fig. 2. Sheath is shown in green color in solid culture of colony (A) in close shot in solid

culture (B).
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Fig. 4. The degeneration of cells is shown in 5% sahnlty (B) in comparison to control (A).
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Table 1. Selected morphological characteristics of Anabaena sp. ISC 55 under different salinities.

Vegetative cells Heterocyst Akinet
Salinity Di ] Di . Di .
(%) H(H:I?SLOHS Frequency H(H:I?SLOHS Shape Frequency H(H:I?SLOHS Shape  Frequency
Control  293x26  ++++  523x3g Rectamgle- NS NS NS
cylindrical
1% 33.5x3.8 S 773x77.6 Rectangle- - 54.6x38.6 Circle NS
cylindrical
2% 24.1x27.6 ++ 30.6x223 Rectangle- S+ 453x47  Circle +
cylindrical
3% 27.5x19.1 ++ 45.6x063 Rectangle- S+ 65.3x48.6  Circle +
cylindrical
4% 27.6x24.8 + 333x203 Rectangle- + 48.6x41.6  Circle SR
cylindrical
5% 26.6x24.3 + 303x31.6  Rectangle- + 59x56.5  Circle  ++++
cylindrical

* Numbers are (minimum and maximum) of width x length

NS= Not seen
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In high acidic condition (pH 5), cell shapes were
changed, filaments were degenerated and their
colors turned to light brown. At neutral or alka-
line conditions (pH 7 and 9), organism would
continue natural growth but as was expected at
pHO the best growth rate was achieved (Fig. 5)
Photomicrographs of SEM showed that in 5%
salinity cells were degenerated completely and
permanently (Fig. 6B). Despite this, at the other
salinities, injuries may be repaired and the fre-
quency of the contact cells may be recovered
by time. However, it showed that though high
salinity may be toxic for the strain, defense sys-
tems can compensate damages but the degree
of recovery may be dependent on salt content
and time of treatment. Morphological behaviors
at these conditions seemed interesting; circular
shapes in 1,2 and 3% salinities which were not
seen in 4 and 5% (Fig. 6).

-

e TR > N\

Discussion

Molecular identification According to tax-
onomic classification, it should be mentioned
that one cyanobacterial genotype can be repre-
sented by more than one morphotype (Palinska
et al., 1996; Bittencourt-Oliveira et al., 2001).
Under altering environmental conditions, both
in nature and in cultures, some morphological
features, such as colony formation, cell size and
trichome aggregation, can be changed or lost
(Otsukaet al., 2000).
Since classification of Anabaena based solely
on morphology has turned out to be unreliable,
genetic methods have to be applied in taxonom-
ic studies (Mazur-Marzec et al., 2010). Com-
parison with the same sequence of Anabaena
strains from GenBank revealed a high level of

genetic identity, strongly indicating that studied

strain belongs to Anabaena genus.

Fig. 5. The shape of cells in different pHs (5, 7and 9)

Table 2. Selected morphological characteristics of Anabaena sp. ISC 55 under various pHs.

Vegetative cells

Heterocyst Akinet

pH Dimensions Frequency Dimensions Frequency Dimensions Shape Frequency
(um)* (um)* (um)*

5 28.1x30 + 30.6x29 Rectangle- T 453x47 Circle T
cylindrical

7 28x24.8 . 32.6x20.6 Rectangle- T NSt Ns' NS’
cylindrical

9 34.6x25.8 R 40x31 Rectangle- + NSt NSt NSt
cylindrical

* Numbers are (minimum and maximum) of width x length

N'S= Not seen
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A

Fig. 6. The shape of cells in control (Left) and 5% salinity (Right) by SEM.

Morphology

Only a few Nostocalean morphotypes have
been cultured, and therefore the high variability
of morphotypes found in nature is under-rep-
resented in culture (Gugger and Hoffmann,
2004). However, results could be able to draw
a relatively primitive picture of the combina-
tion effect of salinity and pH in morphological
analysis of the organism. These organisms
showed variable characters from morpho-
logical pointof view, and this variability was
related with both acidity and salinity. Previous
researches have mentioned that environmen-
tal variation such as salinity could impact their
morphology. These results were confirmed by
microscopic manuals as SEM (Diestra et al.
2007). As shown, cells went to death phase and
caused cell reduction density due to salt ten-
sion which has affected microorganism growth
(Whitton and potts 2000). Salt influences cells
not only by ionic and osmotic stress but also
oxidative one (Zhu 2001).

Up to now, the researches on morphological
characterization of native cyanobacteria have
mostly been performed at salinity less than
1% (Shokravi et al., 2007; Soltani et al., 2010)
and it is the first report about the effect of ex-
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treme high salinity on morphological variations
of soil cyanobacteria of north of Iran. Also, dif-
ferent pHs were evaluated rarely by indigenous
cyanobacteria (Soltani et al., 20006).

High saline condition had a remarkable inhib-
itory effect on the hormogonium produc-
tion. It was applied to both the first and sec-
ond weeks. It has been emphasized that when
mature cultures are agar-solidified medium mo-
tile hormogonia formed and easily isolated after
migration on agar (Castenholz, 2001). Besides,
the heterocysts formation was diminished. It
could be presumed that the potential of nitro-
genase activity and photosynthesis decreased
sharply in these conditions. This fact showed
that the morphology of heterocyst and nitro-
genase activity is correlated. Also, biometrical
analysis showed that both salinity and acidity
may affect cell dimensions significantly (ANO-
VA, p< 0.05).

Regarding akinet formation, the results showed
enhanced formation of this phenomenon in
higher salinity. Cells tend to have akinetes
and more production and accumulation of me-
tabolites, though they are unable to grow as fast.
It is in agreement with Myers et al., (2011). In

fact akinetes are a resting stage in the life cycle
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of all cyanobacteria that belong to the orders
of Nostocales and Stigonematales and may
help these organisms avoid unfavorable growth
conditions, particularly those which would
otherwise cause their death, and provide a po-
tential inoculum for future growth (Baker
and Bellifemine, 2000; Karlesson-Elfgren and
Brunberg, 2004). Besides, it should be men-
tioned that the fluctuation in pH and salt could
not affect the topology of the spores. There
were significant differences between length
and breadth of different salinities and acidities
(ANOVA, p< 0.05). It is in agreement with our
last studies (Shokravi et al., 2012).

Form and topology of the vegetative cells
seemed versatile especially at extreme acidity
and salinity. The quadrate or cylindrical (rarely
sub-cylindrical or even oval-cylindrical) form
might be shown in extreme conditions. Epi-
fluoresence analysis showed granule accumu-
lation both on cross walls and all around the
vegetative cell especially at the first week of
growth. This feature could be related to storage
vesicles that appeared at the end of log phase,
reaching stationary and death phase of
growth. We could not draw a realistic pattern
for granule accumulation and so far we are
doubtful about their situation in a taxonomical
plan. With respect to the sheaths, the results
showed that the effect of pH is more outstand-
ing compared to that of salinity. As biological
material, cyanobacteria tend to be susceptible
to dehydration. Sheaths and mucilaginous outer
layers maybe condensed or blur the surface of
the specimen (Hernandez-Mariné et al., 2004).
It is difficult to explain this physiologically but
we can suggest the presence of sheath for this

strain which is nearly thin and obscure in light
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microscopy.

Form and color of aggregations seems not to be
a stable character. In vivo absorption spectrum
evidence (not shown) revealed that photosyn-
thetic pigments ratios may fluctuate even at a
short time. It reflects as short time chromatic
adaptations which turn to change color. How-
ever, green, light green, light brown, and dark
brown aggregations may be seen in different
periods of life in both liquid and solid media.
Naturally, stability of colors seems more exis-
tent in solid medium but not as constant as to
be regarded in the domain of constitutive traits.
According to the form, confluent trichomes
may be gathered as clump-shape communities
and this shape seems constant in liquid and sol-
id cultures. At extremely high salinities (4 and
5%), aggregations tend to make new unclear
and versatile communities (expand, mat form,
hairy and gelatinous cushion like) but at lower
salinities clump-shape may be regarded as the
prominent and stable form of aggregations.

In conclusion, although the Na* ion is essential
for growth and metabolism of cyanobacteria,
salt increase, depending on strain, has destruc-
tive effects on cells. Furthermore, data obtained
for pH effects confirmed the alkaliphilic behav-

ior of cyanobacteria.
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