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Abstract

Isolation and characterization of cyanobacteria from extreme environment is important in identifying
novel molecules and understanding the mechanisms underlying the tolerance. Therefore in the present
study an attempt was made to isolate, identify and characterize cyanobacteria from Runn of Kutch
experiencing high levels of salinity. Random soil samples have been collected from Rann of Kutch area
from the Kutch District of Gujarat from Western India. The soil samples were used for the isolation of
cyanobacteria and the morphological and cultural characteristics were used for identification. The
identified strains belong to Anabaena, Nostoc, Phromidium, Westiellopsis and Synechocystisand were
maintained at various salinity levels. The morphological identity was further confirmed using 16S rDNA
technique and all the strains examined showed an amplification product of 1500 bp. BLAST analysis was
performed and it showed close similarity with cultured cyanobacterial species. The isolates were
screened for the presence of mycosporine like amino acids and out of the ten isolates seven were found
positive for the presence of MAAs. Heterocystous forms produced more MAAs as compared to non-
heterocystous forms. Growth as well as the cellular constituents of the cyanobacterial species producing
mycosporine like amino acids showed variability. Positive correlation was found to exist between cellular
constituents and MAA content in the isolates.
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Introduction

Cyanobacteria are gram negative oxygenic photo autotrophic microorganisms originated
during pre Cambrian times and having a unique distribution pattern. They have been found to
colonize successfully in several diverse types of ecosystems. The long evolutionary history
holds the key to their competitive success to thrive in a wide range of environment. They have
the ability to tolerate high temperature, UV desiccation, water and saline stress 1%, The
cyanobacteria are the simplest photosynthetic organisms and are the only prokaryotic
organisms to carry out a higher plant type oxygen evolving photosynthesis.

Hence, they made the atmosphere oxygenic and allowed other organisms to develop. Their
chloroplasts are remarkably similar to higher plant chloroplasts in structure and function. They
are important as primary producers in soil, fresh water and marine environments.

Sustainability of ecosystems has been maintained by the cyanobacteria since time immemorial
and improved soil fertility and crop production. Further advancement in the field of
microbiology and biotechnology helped in the exploration of cyanobacteria for industrially
important and valuable products from them. The cyanobacteria are also rich sources of
industrially important compounds. Burja et al., ™l reported a variety of cyanobacterial products
from diverse cyanobacteria. In this context exploration of newer habitats, especially the
extreme ones is important from a biotechnological prospective. Hence, search for these
organisms from extreme environments would be an important strategy to isolate and identify
potential organisms for exploitation. The cyanobacterial isolates from extreme habitats may
constitute an important component of the vast an unexplored biological potential. The
cyanobacteria are able to survive not very high salt concentrations prevailing in diverse hyper
saline environments. Oren B reported that cyanobacteria from extreme environment can
contribute significantly to the productivity of such environments. However, there have been
very few reports on the cyanobacteria from extreme environment such as Runn of Kutch till
date.
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Cyanobacteria from extreme environments show the presence
of several important compounds involved in conferring stress
tolerance. The cyanobacteria from extreme environments
synthesize several compounds and metabolites to cope with
the situation arising out of this complexity ©l. One such
compound that has gained considerable often is mycosporine
like amino acids According to Portwich and Pichel 'l some
cyanobacteria exposed to osmotic stress conditions have been
shown to synthesize unique amino acids known as
mycosporine like amino acids (MAAs). Oren B reported
about mycosporne like amino acids which can function as an
osmolytes in cyanobacteria from extremely saline
environment. In view of this, the present study was
undertaken to analyze cyanobacterial isolates from Runn of
Kutch for mycosporine like amino acids and growth.

Materials and Methods

Soil samples were collected randomly from five different sites
from the Runn of Kutch region of Western Gujarat during
June, 2011. These soil samples were used to isolate
cyanobacterial strains following standard enrichment culture
techniques 1, BG-11 medium (+N for non heterocystous and
—N for heterocystous strains) was used for the isolation
procedure. The medium used for the isolation was made
saline by the addition of sodium chloride at a concentration of
1-5% and the pH was adjusted to 8.0. The isolated and
identified cultures were maintained in the culture room having
light intensity of 52-55umol photon/m?/S, 16/8 light and dark
period and 28+.2 ° C temperature. Strains were examined
microscopically and the morphological characters were
compared according to Desikachary 1. For molecular
identification, the technique 16S r DNA gene sequencing was
used for the identification of cyanobacterial strains. DNA
extraction was carried out using DNeasy Tissue Kit and by
following the Manufacturer’s Protocol (Genetics, USA).
Amplification of 16S rDNA gene fragment was done
according to I 4. The amplified PCR products were
electrophoresed, stained and visualized. The amplified
product was sequenced partially. The 16S partial gene
sequence was subjected to search for highly similar sequence
using mega blast and sequences with the highest similarity
indicated by BLAST were identified.

Exponentially growing (15" day of incubation) cultures were
used for the determination of growth and other physiological
variables. The dry weight determination was done according
to Sorokin 231, Chlorophyll was determined by the protocol
given by McKinney 24, Total protein was estimated by the
method of Lowry et al., [, Total carbohydrates were
estimated by the method of Spiro [, The isolated
cyanobacterial isolates were screened for mycosporine like
aminoacids by the method developed by Sinha et al., 0171,
Presence of MAAs were identified by comparing the
absorption spectra and retention times and the quantification
of MAAs was performed spectrometrically (260nm, 325nm,
327nm) and calculations were made according to Garcia
Pichel and Castenholz [*8], The results were analyzed by using
the statistical package SPSS 10.0. Duncan’s multiple range
test (DMRT) was employed to compare the mean
performances of different treatments for the parameters used
in the study. The rankings have been denoted by superscripts
in appropriate tables.

Results
The morphological attributes of the cyanobacterial isolates
from Rann of Kutch identified on the basis of cultural

parameters and microscopic observations is shown (Table 1).
Cyanobacterial forms identified on the basis of morphology
belongs to Anabaena, Nostoc, Phormidium and Westiellopsis.
The cyanobacterial strains of Anabaena sp., Nostoc sp.,
Phormidium and Westiellopsis sp. (YPR-4, YPR-6, YPR-8
and YPR-10) grew well at 1% NaCl. However, at 2% NaCl,
strains of Westiellopsis (YPR-5) were recorded. The strains
found to grow at 3% salinity consisted of Phormidium sp.,
Anabaena sp. and Nostoc sp (YPR-1, YPR-2, YPR-3, YPR-7
and YPR-9) (YPR-1, YPR-2, YPR-3, YPR-7 and YPR-9).
16S rDNA gene sequencing was used for the identification of
cyanobacterial isolates. The extracted and quantified DNA
from cyanobacterial isolates was subjected to 16S rDNA gene
amplification with the primers FD1 and RP2 (Plate 1). Single
amplified product of 1500 bp for 16S rDNA was observed in
the all the strains examined (Plate 2). The amplified product
was used for sequence analysis and the BLAST analysis
established the homology in terms of % similarity (Table 2).
The cyanobacterial strains of Synechocystis, Phormidium,
Anabaena, Nostoc and Westiellopsis showed close similarity
with Synechocystis sp (98%), Phormidium inundatum (98%),
Phormidium  priestleyiANT.LACV5.1 (99%), Anabaena
bergii 09-02 (99%), Anabaena oryzae (97%), Nostoc
elgonense  TH3S05 (97%), Nostoc commune VB516200
(99%), Nostoc punctiforme (99%), Westiellopsis prolifica
(99%), Westiellopsis sp. 1590-2 (97%) respectively.

The cyanobacterial isolates were screened for the presence of
mycosporine like amino acids (MAAS). Among the ten strains
MAAs was detected in seven strains such as Anabaena,
Nostoc, Phormidium and Westiellopsis, and Synechocystis on
the basis of retention time and Amax (Fig 1 and Table 3).
Heterocystous forms were found to be better producers of
MAAs as compared to non-heterocystous forms. Highest
amount of MAAs was observed in YPR-9 whereas lowest was
observed YPR-6. These strains have been subsequently
analyzed for growth and physiological parameters. The
growth (dry weight) of these cyanobacterial isolates showed
significant variation amongst them (Table 4).

Discussion

Several cyanobacteria, Anabaena, Nostoc, Westiellopsis and
Phormidium have been identified microscopically in the soil
samples collected from Rann of Kutch. Although, there are
several reports on the occurrence of cyanobacteria in saline
soils the type of cyanobacteria found in such saline soils are
different %2 In less saline conditions, the heterocystous
cyanobacteria have advantage over non heterocystous
cyanobacteria due to the presence of glycolipid envelope of
the heterocyst 2. According to Srivastav et al., 2 Jow
salinity favoursheterocystous cyanobacteria where as high
salinity supports growth of non-heterocystous genera. It is
difficult to characterize the cyanobacteria on the basis of
observing structures such as hormogonia, heterocysts and
akinites 41 and hence the molecular identification is
important. In the present study to support the morphological
identification of the cyanobacteria, 16SrRNA gene
amplification was carried out. BLAST analysis was employed
to establish homology in terms of percentage similarity and
revealed that the identified cyanobacteria had close similarity
with cultured cyanobacteria. Rudi et al., % used 16S rRNA
for individual strain characterization and identification of
cyanobacteria. Similar observations were also made by
Srivastav et al., 261,

Seven out of the ten cyanobacterial isolates were found to
show the presence of mycosporine like amino acids. This
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could be one of the protection mechanisms to protect the cells
against salinity and high rates of insolation. Garcia Pichel and
Castenholz '8 reported widespread occurrence of MAAs in
cyanobacterial strains isolated from habitats exposed to strong
insolation and they are important in cyanobacterial adaptation.
These secondary metabolites are capable of preventing the
oxidative damage 7. According to Singh et al., % the
expression and production of these compounds have been
found to be influenced under environmental conditions. Thus,
the enhanced level of osmoprotectants observed in the
cyanobacterial isolates in the present study is probably related
to survival of these organisms under such habitats.

The variation observed among the different strains showing
the presence of mycopsorine like amino acids with respect to
the growth related attributes could be due to the genotypic
differences. Variation in the growth rate time of several
species of Anabaena collected from a geographical habitat
was observed by Meeks et al., ?°. Ambient physiological
conditions also play a role in the growth and cellular
constituents. Biochemical constituents of cyanobacteria
depend upon the nature of strains, physiological conditions
and the environment [30. 341,

The studies therefore showed that several cyanobacterial
strains isolated from Runn of Kutch exhibited the presence of
mycosporine like amino acids. These isolates on further

characterization showed distinct patterns of growth and
cellular constituents. Pattanaik et al., 2 observed specific
effect on growth, phorosynthesis and mycosporine like amino
acids in the cyanobacterium Microcoleus chthonoplastes.
Mycosporine like amino acids probably provide protection
against salinity and insolation in these cyanobacteria. The
responses are adaptive in nature and help the organism to
grow and survive under inhospitable habitats. Further detailed
are to be conducted to decipher the exact nature of tolerance
mechanisms studies using molecular tools.

Table 1: List of Cyanobacterial isolates and growth from Rann of

Kutch
Sl.No. Salt COI’EE;);\II’&UOH Strain Taxonomic group

1 3 YPR-1 Anabaena sp.
2 3 YPR-2 Anabaena sp.
3 3 YPR-3 Phormidiumsp.
4 1 YPR-4 Westiellopsissp.
5 2 YPR-5 Westiellopsissp.
6 1 YPR-6 Synechocystissp.
7 3 YPR-7 Anabaena sp.
8 1 YPR-8 Phormidiumsp.
9 3 YPR-9 Nostocsp.

10 1 YPR-10 Nostocsp.

Table 2: Morphologically identified Cyanobacterial strains and their close match as revealed by BLAST analysis

Salt . Morphologicall Close match based on

()| Strain identified Senerﬁ 16SrDNA sequence Score (%)
3 YPR-1 Anabaena sp. Anabaena bergii 98%
3 YPR-2 Anabaena sp. Anabaena oryzae 97%
3 YPR-3 Phormidiumsp. Phormidium inundatum 98%
1 YPR-4 Westiellopsissp. Westiellopsis prolifica 99%
2 YPR-5 Westiellopsissp. Westiellopsis sp. 97%
1 YPR-6 Synechocystissp. Synechocystis sp 98%
3 YPR-7 Anabaena sp. Nostoc elgonense TH3S05 99%
1 YPR-8 Phormidiumsp. Phormidium priestleyi ANT.LACV5 99%
3 YPR-9 Nostocsp. Nostoc punctiforme VB62229 95%
1 | YPR-10 Nostocsp. Nostoc commune VB516200 99%

Table 3: Screening and quantification for mycosporine like amino acids the in the cyanobacterial isolates from Rann of Kutch

SI.No. | Strain Taxonomic group MAAs MAAs (mg/g dry weight)
1 YPR-1 Anabaena sp. Positive 0.0610
2 YPR-2 Anabaena sp. Positive 0.0443
3 YPR-3 Phormidiumsp. Positive 0.0736
4 YPR-4 Westiellopsissp. Negative -

5 YPR-5 Westiellopsissp. Positive 0.0145
6 YPR-6 Synechocystissp. Positive 0.0040
7 YPR-7 Anabaena sp. Negative -
8 YPR-8 Phormidiumsp. Positive 0.0018
9 YPR-9 Nostocsp. Positive 0.1676
10 | YPR-10 Nostocsp. Negative -

Table 4: Selected physiological attributes of the cyanobacterial isolates from Rann of Kutch showing mycosporine like amino acids

Strains Dry weight (mg/ml) | Protein (ug/ml) Sugar (pg/ml) Chlorophyll (ug/ml)
YPR-1 255.621 773.84° 605.9° 0.658°
YPR-2 332.02% 949.61* 563.79° 2.219°
YPR-3 316.93% 716.64° 1467.92 0.372f
YPR- 4 349.68° 106.55¢ 1377.82 1.499°
YPR-5 259.281 327.54¢ 118.89° 0.276f
YPR- 6 276.94¢f 144.93¢ 1363.82 0.1189
YPR-7 307.51« 716.64° 371.90° 0.778¢
YPR-8 248.489 86.33¢ 1413.42 0.359f
YPR-9 291.52¢ 724.95° 563.79° 1.020°
YPR10 266.97%9 79.665¢ 497.11° 0.0109
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Plate 1: Isolated genomic DNA by Dneasy Tissue kit Manufacturer’s protocol with certain modifications L= 1 Kb ladder 1.YPR-1, 2.YPR-2,
3.YPR-3, 4.YPR-4,5.YPR-5, 6.YPR-6, 7.YPR-7, 8.YPR-8, 9.YPR-9, 10.YPR-10

‘.— PR il Bands at 1500 bp

Plate 2: 16S rDNA amplified product in cyanobacterial isolates from Rann of Kutch 1.YPR-1, 2.YPR-2, 3.YPR-3, 4.YPR-4, 5.YPR-5, 6.YPR-6,
7.YPR-7, 8.YPR-8, 9.YPR-9, 10.YPR-10, L= ladder
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Fig 3: HPLC chromatogram showing the presence of mycosporine like amino acids in cyanobacterial isolates from Rann of Kutch
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