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Tolerance of nitrogen-fixing cyanobacteria to NaCl
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Abstract

Eleven species of nitrogen-fixing cyanobacteria belonging to six genera
(Cylindrospermum, Anabacna, Nostoc, Calothrix, Scytonema, and Westiellopsis)
tolerate different concentrations of NaCl (from 0.05 to 0.35 M). Wide variation in the
chlorophyll (Chl) a content of the species of the same genus and between genera in
presence of NaCl was obscrved. The least tolerant (Cylindrospermum sp., Cy 6}, the
maximum tolerant (Westiellopsis sp., We 1), and the intermediate tolerant
(Westiellopsis sp., We 6) species of cyanobacteria were selected, and their response
0 varivus concentrations of NaCl {growth, nitrogen-fixing capacity, and production
of extracellular substances) was studied. Nitrogen fixing capacity of both the We 1
and We 6 was greatly impaired in comparison to the decrease in their Chl @ content
in the NaCl containing media. Cellular and extracellular saccharide and extraccllular
amino acid contents of the cyanobacteria species in the NaCl supplemented cultures
were increased suggesting that presence of saccharides and amino acids enabled the
cyanobacterial species to thrive under salt siress. Further, the We 1 did not adapt to
the salt whereas Cy 6 showed adaptation to low concentrations of NaCl suggesting
that the species which tolerate high concentrations of the salt may not possess the
ability to adapt to NaCl.

Additional  key words:  amino  acids, Anabaena, adaptation, Calothrix, chlorophyll,
Cylindrospermum, extracellular saccharides, Nostoc, Scytonema, Westiellopsis,

Introduction

The reports on the response of cyanobacteria to NaCl (Hagemann ef al. 1973, Guy et
al. 1988, Saxena and Kaushik 1992, Kumar and Kaushik 1994) include Na' uptake
by halotolerant species (Anantani and Vaidya 1983, Blummwald ef uf. 1983, Reed ef
al. 1985, Kaushik and Nagar 1993), osmotic adjustments (Blumwald and Tel-or
1982a, Reed ef al. 1986, Anand and Parameswaran 1990, Reviere ef al. 1990,
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Hagemann ef al. 1991), ultrastructural changes during salt adaptation (Blumwald and
Tel-Or 1982b), erc. In most of these studies a single species of cyanobacteria, mostly
a halotolerant form waos used for the experiments, No report is available on the
response of diazotrophic cyanobacteria of the rice-fields of coastal regions to various
concentrations of NaCl. These diazotrophic cyanobacterial species isolated from salt
affected rice ficlds, duc to sca water influx, may tolciate relatively high
concentrations of NaCl. In the present report relative tolerance of several nitrogen-
fixing cyanobacteria isolated from the rice fields of coastal regions of Orissa to NaCl
was studied. Chlorophyll, saccharide and amine acid contents, nitrogen fixing
capacity and adaptation to NaCl of selected species of cyanobacteria were
investigated.

Materials and methods

Fleven different species of diazotrophic cyanobacteria belonging to the genus
Cylindrospermum, Anabaena, Nostoc, Calothrix, Scytonema and Westiellopsis were
uscd as the experimental material. I'wo species of each genus were selected for
cxperiments in order to find out the inter- and intra-generic response of cyanobacteria
to NaCl. The organisms were isolated from the rice fields of coastal region of Orissa
state and maintained in pure culture in nitrogen free BG 11 medium (Rippka ef ol
1979). Growth experiments were done in 150 x 15 mm cotton stoppered hard glass
test tubes containing 10 ¢m® of medium and various concentrations of NaCl {(0.05,
0.10, 0.15, 0.2, 0.25, 0.3 and 0.35 M). Stock solutions of NaCl were prepared in
distilled water, sterilized separately, and then added aseptically to the BG || medium
to obtain the desired concentration. Equal amount of homogenised culture suspension
from exponential growth phase of each organism was inoculated into the
experimental tubes and incubated for 10 d at 25 + 1 °C under a 7.5 W m™ irradiance
provided from fluorescent tubes. Growth was expressed on chlorophyll basis. For
estimation ol chlorophyll (Chl) @ content, the cultures were centrifuged at 3 000 g for
20 min followed by extraction of the pigment with 80 % (v/v) acetone. Absorbance
of the acctone extract was measured at 660 nm in a Systronics 105 spectrophotometer
(Systronics, Ahmedabad, India) and the Chl amount was determined using the
specific absorbance given by Mackinney (1941). The extracellular amino acid
content of the cultures was estimated by Moore and Stein's ninhydrin reaction
method modified by Spies (1957). Amount of amino acids was determined from the
standard curve using alanine (Qualigens, Thane, India). Cellular and extracellular
saccharide contents of the experimental cultures were estimated with anthrone
reagent (Herbert er al. 1971) and the amount was calculated from the standard curve
prepared using glucose (Qualigens). Total nitrogen of the cyanobacterial cultures was
determined by Micro-Kjeldahl digestion and distillation method as desecribed by
Herbert ez al. (1971). The amount of nitrogen fixed by the organisms was calculated
after substracting the amount of N present in the respective initial inoculum,
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Results

Cylindrospermum sp. (Cy 6) and both the species of Calothrix tested (Ca 1 and Ca 5)
were relatively more susceptible to high concentrations of the NaCl; Chl a content of
these organisms decreased to zero in the presence of 0.10 -0.15 M NaCl in the
culture medium (Fig. 1). From the eleven tested species of cyanobacteria,
Westiellopsis (We 1) was the most tolerant species followed by Nostoc muscorum
{No 4).
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% Naostoc sphaencum {No 1}
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»&  Calothnx paristing {Ca1)
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# Scytonema muliramosum  (Sc 1)
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- Westellopsis {\We 1)
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Fig. 1. Chlorophyll (Chl) a content of 11 different species of rice field cyanobacteria in presence of
different concentrations of NaCl in the culture medium. Cultures were grown up for 10 d at
25+ 1°Cand 7.5 W m*? irradiance.

The most salt susceptible Cylindrospermum sp. (Cy 6), the most tolerant,
Westiellopsis sp. (We 1) and an intermediate tolerant (We 6) species of cyanobacteria
were further selected and their response to selected concentrations of NaCl at
different growth phases was studied. In We 6 and We 1 the lowest used NaCl
concentration had a tendency to stimulate Chl synthesis in the lag phase (Fig. 2), all
other NaCl concentrations had only an inhibitory effect. Nitrogen-fixing capacity of
all the three test species was greatly reduced even in presence of 0.02 M NaCl
(Table 1). In contrast to the NaCl effects on the Chl content, the effects on nitrogen
fixation were not strikingly different in the three tested specics. Cellular and
extracellular saccharide contents of the tested organisms generally decreased with
increase of NaCl concentration in the medium (Fig. 3), an cxception was a small
stimulation by 0.02 M NaCl in We 1 observed after 8 d of cultivation. Most
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differences in extracellular saccharides were statistically not significant, but usually
there was a tendency to decline with increasing NaCl concentration, Similar changes
were found in secretion of extracellular amino acids (Fig. 4). Highest contents of
saccharides and highest secretion of amino acids were usually found in We 1.
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Fig. 2. Chlorophyll (Chi) a content of three different species of cyanobacteria (Cvlindrospermum -
Cy 6, Westiellopsis - We 1 and We 6) in the presence of different concentrations of NaCl in the
BG 11-N medium.

Table 1. Effect of various concentrations of NaCl on the nitrogen fixation ot three different species
of rice-field cyanobacteria. Means of 3 independent determinations + S.D.; values in parenthesis
represent % decrease over control. The amount of nitrogen-fixed by the organisms in different
experimental cultures was determined after subtracting the amount of N present in the initial
inoculum.

Species Strain  NaCl concentration [M] Nitrogen fixed [g m'z(culture)]
Cylindrospermum sp. Cy 6 0 46+ 8
0.02 31£5(-32.61)
0.05 16 3 (-65.22)
0.1 0
Westiellopsis sp. We l 0 61 +7
0.02 46 = 4 (-26.59)
0.05 15+5(-7541)
0.1 12 £3(-80.32)
0.2 ]
Westiellopsis sp. We 6 0 31+5
0.02 15+£2(-51.61)
0.05 10+£2(-67.74)
0.1 0
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These three selected cyanobacteria species were further grown under different
concentrations of NaCl up to 20 d followed by washing in sterile distilled water and
reincubating in NaCl containing medium for further 10 d. It was (hought that an
organism which grew better in the same concentration of NaCl in which it was
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Fig. 3. Cellular and extracelluar saccharide contents [g(glucose equivatent) m~(culture)] of three
species 0 eyanobacleria i the presence of various concentrations o WaCl in the vulture medium.
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Fig. 4. Extracelluar amino acid concentration [g(alanine equivalent) m*({cuiture)] of three species of
cyanobacteria in the presence of various concentrations of NaCl in the culture medium.
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previously grown, were adapted to NaCl. The results showed that though the
We land We 6 tolerated comparatively higher concentration of NaCl than the Cy 6,
only the latter species previously grown in the presence of NaCl grew better under
the same concentration of the salt (Table 2). Thus the species of cyanobacteria which
tolerate high concentrations of NaCl necessarily would not adapt to the salt at
repeated culturing in the salt containing medium.

Table 2. Chlorophyll (Chl) @ content of three species of cyanohacteria cultivated in the presence or
absence of various concentrations of NaCl. Means of 3 independent determinations £ & Y. Values in
parenthesis show % decrease over control.

Species Strain NaCl concentration  NaCl pretreatment Chl & content
[M] [g m(culture)]
Cylindrospermum sp. Cy6 0 228+024
0.05 - 0.18+0.01 (-92.15)
0.05 + 0584+ 0.12 (-74.51)
Westiellopsis sp. Wel 0 2,10+ 020
0.05 1.09 = 0,16 {-47.85)
0.05 + 0.42 0,12 (-79.81)
02 - 0.33+£0.13 (-84.04)
0.2 + 0.18 £0.04 (-91.48)
Westiellopsis sp. We6 0 1.36 +0.20
0.05 - 0.33 £ 0.06(-75.42)
0.05 + 0.15 + 0.06 (-88.55)
0.1 — 0.20 £ 0.06 {-85.23)
0.1 + (]
Discussion

Supplementation of 0.4 M NaCl decreased the biomass accumulation, Chl a content
and cell protein content in Calothrix brevissima isolated from saline sodic soils
whereas the sensitive Anabaena sp. tolerated NaCl only up to 0.1 M (Kumar and
Kaushik 1994). The growth of nitrogen-fixing cyanobacterium Nostoc muscorum was
completely inhibited by 0.4 M NaCl (Blumwald and Tel-or 1982a). The unicellular
cyanobacterium Microcystis firma tolerated salinity up to 1.0 M NaCl but another
unicellular species Synechocystis aquatilis showed sall tolerance only up to 0.3 M
NaCl (Hagemann ef al. 1973). None of our tested species tolerate NaCl > 0.35 M
even though they were isolated from rice fields of coastal regions which received sea
water duc to a periodic influx. Thus the tolerance to elevated concentration of NaCl
by an individual spccies was mostly due to its genetically determined capacity. Therc
are reports that sheath layers around the cells/trichome of cyanobacteria enable the
organisms {o tolerate high concentrations of pesticides and other agrochemicals
(Sahu et @l 1992, Rath and Adhikary 1994). Our work showed that species of
Calothrix and Scytonema which possessed well defined sheath layers around their
trichome did not tolerate higher concentrations of NaCl in comparison to sheathless
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forms suggesting that external envelope played a least significant role in protection
against the salt stress.

Several mechanisms have been put forth for salinity tolerance in cyanobacteria.
These include curtailment of Na™ influx (Apte et al. 1987), accumulation of K~
(Miller et a/. 1984) or accumulation of organic solutes (Borowitzka er al. 1980).
Salinity stress in cyanobactcria was also relieved by a variely of exogenous
saccharides like pentoses, hexoses and alcohols (Reed ef ol 1986). A large number
of amino acids may protect against salt stress in Calothrix brevissima (Kumar and
Kaushik 1994). In our study increase of ccllular saccharide content was found in the
Wel when grown in the presence of NaCl. Further, considerable amounts of
extracellular saccharides and amino acids were excreted into the medium during
exponential growth, all of which might provide protection to the We 1 against salt
stress. Our results also showed that nitrogen-fixing activities of all the threc
cyanobacteria (Cy 6, We 1 and We 6) were more affected hy increaced contents level
of Na(l in the medium than the contents of Chl g, Further, the species of the
cyanobacteria which could tolerate high NaCl levels did not possess the ability to
adapt to NaCl. Even if any cyanobacterium of the rice fields showed adaptation to the
salt, it tolerated only a limited concentration of NaCl and the adaptation process was
stow. Thus due to increase of salinity of rice ficlds due to depletion of ground water
or by sudden influx of salts to the rice ficlds located in the coastal regions, the
nitrogen-fixing activity of these microorganisms would greatly be impaired thereby
decreasing the overall nitrogen economy of the rice field soils.
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