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' Introduction

_ e role of fixing
. cyanobacteria in enhancing soil fertility has been
- long known and is well documented"”.
' Cyanobacteria contributes to overall soil health
not only by its ability to perform biological
- nitrogen fixation but also because of its ability to
produce polysaccharides and other bioactive
t compounds which has a growth stimulating
'f effect an the vegetation/crop plants, as well as
 ensuring maintenance of soil quality and

nitrogen

| preventing erosion. Moreover it is also known
| that cyanobacteria . increases the oxygen
. concentration of the environment in which they
 occur®, The general maintenance of soil fertility
 particularly in rice fields is attributed to the
\ natural supply of assimilable nitrogen that is
. made available by the cyanobacteria through the

process  of  biological nitrogen fixation’.
'. Cyanobacteria generate cellular energy by
 harvesting  light during the process of

| photosynthesis and utilizing this energy in the
;;;synthesis of carbon compounds required for
. their metabolic processes. Any alteration in the
. environment including change in pH and in salt
 concentration of the soil may have a direct
negative impact upon photosynthesis and related
_metabolic processes of the cyanobacteria,
including  biological nitrogen fixation and
| overall performance of these organismss.

‘ In nature microorganisms are constantly
' challenged by different factors and stresses

including changes in temperature, moisture
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content (droughts and floods), salinity and so
forth. Among these, salinity is known to be of
major significance in limiting the growth and
of  plants,
microorganisms and bacteria’. Salinity posses to
be a huge threat to agricultural productivity and

productivity eukaryotic

approximately . 7% of agricultural land are
affected by high salt concentrations and the area
is still increasing'’. Owing to their considerable
degree of salt tolerance, cyanobacteria have been
applied in reclamation of saline and sodic lands
with limited success'"'.
biological soil reclamation using cyanobacteria
was first advocated by Singh in 1961°. In trace
amounts NaCl is known to act as a micronutrient
to cyanobacteria and appears to be essential in
certain metabolic  processes'*".
elevated levels of the same may prove to be
detrimental and result in - inhibition of
growth'>'.

Such a concept of

However,

Cyanobacteria have evolved elaborate
defense mechanisms in response to various
environmental stresses that it encounters. Proline
accumulation in response to stress is well.
documented in microbes, plants as well as
marine invertebrates'’. Proline is known to be an
important indicator for stress tolerance and
functions a stabilizer'®, a metal chelator'’, as an
inhibitor of lipid peroxidation® and as a
hydroxyl radical scavenger’'. There are reports
of proline being involved in ameliorating
salinity stress as well as stress induced by
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drought situation and also its role a singlet
oxygen scavenger in higher plants***’.

Since cyanobacteria play a prominent
role in the maintenance of soil fertility and
productivity, any loss in cyanobacterial biomass
may result in noticeable consequences.
Moreover, these organisms are now regarded as
promising agehts in bioremediation and in
cleaning up the environment. Hence, it becomes
imperative to study and investigate the effects of
stresses, either singly or in combination on the
growth and characters of some naturally
occurring cyanobacteria. This work investigates
the effect of salinity, changes in pH and a
combined effect of both on the growth and
proline accumulation in cyanobacteria.

Materials and methods

The effects of salt stress as well as pH
fluctuations were assessed on some of the
filamentous heterocystous cyanobacteria which
were isolated from various locations in
Meghalaya. These were then grown as axenic
cultures in batches in nitrogen free BGIl1,
medium (Rippka et al, 1979)** at 25+2°C and
under a photon fluence rate of 50 pmol m?s”,
The exponential cultures were used for all the
experiments. ‘

Initially, three organisms that were
sampled for the present study include two
belonging to the Nostoc species (N1 and N2)
and one to Anabaena species (Al). Three sets of
these were grown in different concentrations of
Nl (50,100.150:........ 500 mM) in 50ml
conical flasks to find out which amongst them is
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most tolerant to salinity stress. This was done by
estimating the chlorophyll a concentration every -
48 hours in each flask® to compare their growth §
to a control culture. One Nostoc species (N1)
that showed highest tolerance to salt stress was
selected for further experiments. The soil and 3
water bodies of Meghalaya distinctly show a ..
wide variation in pH. Therefore, effect of pH 5
and combined effect of pH and salt stress was
also measured in this cyanobacterium. For this,
pH range of 5, 6, 7, 8 and 9 was selected. Also, a
combination of a constant salt concentration
(500 mM) and variable pH was used to assess 1
their combined effect on the organism. The
constant salt concentration was based on the fact
that beyond this any further increase in the salt 7
concentration was lethal to the organism. The
changes in proline content in the organism in
response to the different stress conditions was
estimated on the 8" day using the method
described by Bates et al 1973* . Chlorophyll a
concentration on the 8" day was also considered.

Results and Discussion

In case of all the three organisms the
chlorophyll a content was found to decrease
with increasing salt concentrations (Fig 1, 2 and
3). However, the unfavorable concentration of
salt was different for the individual
cyanobacterium, with Nlexhibiting higher
tolerance. The Anabaena sp. that was used for
the present study appeared to be highly
susceptible to salinity stress with maximal
reduction in chlorophyll a content at 500 mM by
the 8" day (Fig 3).
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Fig 5: Combined effect of pH and salt on growth of Nostoc sp.1. (C- Control condition; S-500 mM NaCl)
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, Consistent with previous
. observations®?’, it was found that with increase
in stress, either as high salinity or unfavorable
pH, there was an associated increase in proline
7. content and a prominent decline in chlorophyll a
concentration. High proline contents of 0.65 and
- 0.63ug g were observed in pH range of 5 and 6
: respectively followed by 0.63 and 0.61 pg g for
. pH 9 and pH 8 as compared to 0.57 pg g" in

unstressed condition in control culture (Fig 6).
The proline content was found to be the highest
in the case of the combined salt and pH stress
(Fig 7). Proline was accumulated to an amount
of 0.72 and 0.73 pg g' in pH 8 and 9
respectively which further increased in pH 5 and
6 to 0.92 and 0.76 pg g respectively while in
combination with salt.
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There are extensive reports on stress
induced proline accumulation in higher plants®*
2. However, not much work has been done
towards the assessment of the role of proline in
cyanobacterial stress tolerance that may have a
significant impact on their putative application
in bioremediation as well as their use as
biofertilizer in coastal areas. Wu et al (1998)”
has reported increase in proline content under
salt stress in Chlorella. It has been suggested
that proline is involved in stabilizing folded
protein in stabilizing
membranes by interacting with phospholipids™
and being .involved in osmotic adjustments® are
also known. Stress induced by high salinity has

a negative impact on the photosynthetic capacity
37 38

structures™®. Its role

and growth of cyanobacteria

In the present study, it was observed that
stress due to enhanced salinity and changes in
pH in the immediate vicinity resulted in
induction and accumulation in intracellular
proline in the cyanobacterium. This finding is
similar to earlier report on proline accumulation
under stress conditions in the cyanobacterium
Westiellopsis prolifica-Janet Strain-NCCU331
by Fatma et al., 2007. In these organisms,
proline appears to be the stress-induced
substance that helps in generating tolerance to
adverse environmental stresses.

The potential of cyanobacteria as
biofertilizer is immense. However, their
susceptibility to environmental changes limits
their  optimum Carefully selected
cyanobacterial strains with high nitrogen fixing
capability that are resistant and/or tolerant to
fluctuations in the surrounding environment
could be ideal for future biofertilizer programme
and also as bioremediators for reclaiming saline
and sodic lands for agricultural usage. One way
to identify such strains could be to look at their
proline accumulating capacity under stressful
environment. These strains with high proline

use.
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synthesizing potential may prove to be an
candidate for bioremediation. &
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