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ABSTRACT

Thermophilic cyanobacteria thrive in sulphur-rich thermal springs. Mesophilic cyanobacteria thrive at temperatures
between 28°C and 37 °C. This research was aimed at determining whether mesophilic cyanobacteria could thrive at
high temperatures in the presence of sulphide and what could be the possible role of sulphide play in lessening
thermal stress in mesophilic cyanobacterial organisms. The growth of the mesophilic cyanobacterium Nostoc
ellipososporum was examined under thermal stress at its optimal growth temperature and in the presence and absence
of sulphide.Under the same settings, the amount of enzymatic antioxidant was determined. Out of nine mesophilic
cyanobacterial organisms tested, Nostoc ellipososporum was one thatgrew at 42°C, though at a slower rate than at
28°C. This organism's tolerance threshold for Sulphide was determined by growing it in a range of sodium sulphide
concentrations (0.5 to 5 mM). The deleterious effect of thermal stress was eliminated by adding 2.5 mM sulphide to
the cell cultures at 42°C. Enzymatic antioxidants (SOD, POD, and CAT) in the test organism were estimated under
temperature stress and in the presence of sulphide. In the presence of sulphide, the levels of enzymatic antioxidants
was evaluated. With an increase in antioxidants such as SOD, POD, and CAT the organism does exhibited growth
with a slower rate at high temperature stress conditions. This is the first study to look into the role of sulphide in
thermal stress relief by stimulating enzymatic reactions in the mesophilic cyanobacterium Nostoc ellipososporum.
This revealed that reactive oxygen species were produced in response to heat stress but these antioxidants scavenged
the free radicals that were generated.
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Introduction

Cyanobacteria's capacity to thrive in a wide range of
environmental conditions is among their most impressive
characteristics. On the one hand, they may be found in a
diversity of freshwater, marine, and terrestrial ecosystems; on
the other hand, they can also be found in extreme settings
such as hot springs, hyper saline habitats, freezing
environments, and arid deserts (Nakatsubo et al., 1987,
Kashyap et al,, 1991, Whitton and Potts 1991 and
Kulasooriya 2011).

To survive in such hostile climates, cyanobacteria use a
variety of adaptive mechanisms, including protection from
freeze-thaw damage, ultraviolet radiation, desiccation,
alkalinity, and the production of a diverse range of secondary
metabolites that allow them to survive in a variety of
competitive ecological environments. (Whitton and Potts
2000, Scandalios 2005 and Makhalanyane et al., 2015).

Cyanobacteria are classified as psychrophilic,
mesophilic, or thermophilic depending on their optimal range
of temperature for growth. Psychrophilic cyanobacteria have
been found in Arctic and Antarctic lakes (Nakatsubo et al.,
1987; Kashyap et al., 1991, Smith 1984 and Skulberg 1996),
where the average temperature for growth is between 0°C
and 10°C. Temperatures between 25°C and 37°C are

optimum for the growth of mesophilic cyanobacteria.
Temperature optima for thermophilic species range from
45°C to 60°C (Apte, 2011). Phormidium tenue,
Mastigocoleus laminosus and Synechococcus elongatus var.
amphigranulatus are some of the most prominent
cyanobacterial strains that can thrive at temperatures as high
as 69°C (Thajuddin and Subramanian 2005). Most sulphide-
containing hot springs are known to have temperatures
ranging from 42°C to 85°C (Castenholz 1981). Adams
(1994) investigated the metabolic diversity of sulphur-
dependent hyperthermophilic bacteria that grow at or above
90°C Because of its presence in source water and/or
biological sulphate reduction, sulphide is either constantly or
seasonally present in many environments where
cyanobacteria are abundant (Oren et al., 1979). When
cyanobacterial strains that are not generally exposed to
sulphide in natural habitats are exposed to even modest
concentrations of this chemical, they get killed (Garlick et
al., 1977). Strains from sulphide ecosystems, such as hot
springs, on the other hand, have one or more adaptations for
keeping their photoautotrophic metabolism active in such
environments (Castenholz 1977). If electron donors such as
hydrogen sulphide are present, numerous cyanobacteria that
dwell in sulphur-rich environments can perform oxygenic
photosynthesis employing only photosystem-I (Madigan
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2002, Miller and Bebout 2003 and B, Chen et al., 2012). The
presence of sulphide promotes thermophilic cyanobacteria to
thrive at greater temperatures. Mesophiles like a temperature
range of 28°C to 35°C for best growth. When mesophilic
organisms are subjected to heat, oxidative stress occurs,
resulting in delayed or no growth. Drought or water stress,
along with thermal stress, is caused by rising temperatures.
Water stress is defined as the loss of water from cells despite
the availability of water (Foyer and Noctor 2000). An
imbalance is created by water stress. Excess light energy is
dissipated in the photosynthetic system, resulting in the
production of reactive oxygen species (ROS). As a result,
neutralizing free radicals produced during both anomalous
and typical activities is critical (Seyed et al., 2012).

Cyanobacteria have evolved methods to deal with water
and heat stress. Ion flux modulation for osmotic adaptation,
selective expression of tolerance genes, and novel stress
proteins are among the strategies employed to repair
oxidative damage induced by an excess of free radicals (Apte
2011).

In reaction to oxidative stress, radical scavenging
molecules such as ascorbate, glutathione, superoxide
dismutase, peroxidase, and catalase are activated. In response
to oxidative stress, the expression of genes involved in the
activation of enzymatic or non-enzymatic antioxidants is
routinely stimulated (Gill and Tuteja 2010). Tolerance of
organisms is proportional to antioxidant protection and stress
adaptation.

The ability of the antioxidative defence mechanism
influences how organisms deal in stressful environments
(Liang et al.,2014). The study sought to determine whether
mesophilic cyanobacteria can withstand temperatures ,over
their optimum range in the presence of sulphide.

If so, whether antioxidative defence
mesophilic cyanobacteria are engaged
thermally induced oxidative damage.

systems in
to counter act

This might be used to enrich fields with cyanobacteria
cultivated at 42°C to 50°C in the presence of sulphide, which
would ordinarily inhibit the growth of mesophilic
cyanobacteria.

Materials and Methods
Materials
Selection of test organism

The growth of nine mesophilic cyanobacteria from
our cyanobacterial culture collection was studied for 6 d at
four temperatures i.e. 37°C, 42°C, 45°C and 50°C. Only
Nostoc ellipososporum exhibited growth at 42°C and was
selected for the present study.

Microorganism

The cyanobacterium Nostoc ellipososporum 1is an
isolate of laboratory at Punjabi University Patiala, collected
from rice fields of Patiala, Punjab (India).

Methods
Culture conditions

Chu-10 medium was used to culture the organism (24).
The medium's pH was set to 7.8.

Unless otherwise specified, the stock and experimental
cultures were kept at 282°C and lit for 14 hours daily with a
light level of 45 pE. For all studies, exponentially growing
cultures of the test organism (6 days old) were used.

Sulphide endurance of the organism Growing the test
organism in graded doses of sodium sulphide was used to
assess its endurance threshold (0.5 mM, 1.0 mM, 2.0 mM,
2.5 mM and 5.0 mM). In 250 mL Erlenmeyer flasks, 100 mL
sterilised Chu-10 medium without or with the desired amount
of sodium sulphide was added to each flask, along with
enough washed inoculum of exponentially developing stock
cultures to achieve 0.06 initial absorbance of the cultures at
720 nm. 15 mL samples were taken every 2 days for up to 12
days, and absorbance was measured with a Spectronic 20D+
spectrophotometer.

Growth under thermal stress Because the optimal
temperature range for the growth of mesophilic
cyanobacteria is between 28°C and 37°C, a higher
temperature of 42°C was chosen to cause thermal stress in
the cultures.As a result, the organism's growth was measured
as an increase in absorbance at 720 nm at 28°C and 42°C in
the absence and presence of sodium sulphide. Cultures were
incubated in a BOD incubator with fluorescent tube lights to
study the organism's growth at 42°C.

Antioxidant enzymes Following Beauchamp and
Fridovich (1971), the activity of Superoxide dismutase
(SOD) was measured as photochemical reduction of
nitroblue tetrazolium chloride (NBT) reduction. One unit
of SOD activity is defined as the amount of protein (mg)
required to cause 50% inhibition in the reduction of NBT
under the light.

Peroxidase (POD) activity was measured following
Gahgen et al., One unit of enzyme is defined as umol of
purpurogallin formed pg™ 'proteinmin™".

Catalase (CAT) was determined using the method of
Egarshira et al., which involved measuring the quantity of O,
produced from the dissociation of H,O, in the dark.

One unit of CAT is defined as nmol O, released from
H,0, mg" protein min™'. Protein content in the crude
enzyme cell extract was determined following Lowry et
al.

Statistical Analysis

All of the data is the average of three independent
studies with a standard deviation of 5%. (SD). One-way
analysis of variance and Tukey's honest significance
difference test were used to statistically examine the data.
GraphPad Prism 6.0 version 6.0 was used to test all
statistical analyses against the probability value at the 95
percent confidence level (p 0.05). (www.graphpad.com).

Chemicals

All chemicals used in media preparation and
enzymatic assays were obtained from SD- FINE, India.

Results and Discussion
Tolerance Level of Nostoc ellipososporum to Sulphide

In early studies, the development of nine mesophilic
cyanobacteria was assessed in terms of increase in
absorbance at 720 nm over 6 days at 37°C, 42°C, 45°C,
and 50°C.
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According to the findings, the cells dissolved and
none of the tested mesophilic cyanobacteria survived at
45°C (Table 1.)

Nostoc ellipososporum, on the other hand, thrived at
42°C (Table 1).

As a result, this organism was chosen for the current
investigation.

A comparison of its growth at 37°C, 42°C, and 45°C
was done, and it was discovered that after 12 days, the
organism's growth at 37°C and 42°C decreased.

In addition, the growth of test organisms was
investigated in the presence and absence of sulphide at
various temperatures (Fig.2).

Sulphide doses of 0.5 mM, 1.0 mM, 2.0 mM, and 2.5
mM were tested. The absorbance of the cultures at 42 °C in
presence of 0.5, 1.0, 2.0 and 2.5 mM sulphide was 21%,
36.8%, 52.5% and 73.6% more compared to absorbance of
control cultures at 42°C. In 5.0 mM sulphide the organism
survived but did not exhibit growth. This indicated that 5.0
mM was toxic to organism at 42 °C.

Table 1 : Growth of mesophilic cyanobacteria at different
temperatures

Temperature (°C)
Organism

37 | 42 | 45 | 50
Anabaena naviculoides + - - -
Nostoc muscorum + - - —
Nostoc calcicola + - _ —
Plectonema boryanum + - - -
Phormidium molleS + - - -
Nostoc ellipososporum - - - —
Lyngbya faveolarum + + - -
+ - - —

05 —e—28°C —m— 37°C a2°c

Ag20

0 2 4 6 8 10 12
Days (d)

Fig. 1 : Growth of Nostoc ellipososporum in basal medium.

Because of its interaction with the electron chain,
sulphide is hazardous (Garlick et al., 1977, Oren et al., 1979
and Abed et al., 2006). Because 2.5 mM sulphide in medium
had a beneficial influence on organism development at 42 °C,
2.5 mM was chosen for further experimentation.

——28°C 8- 42°C,0.5mM 42°C,1.0 mM
05 —%—42°C,25mM —e— 42°C,5.0mM —— 42 °C, Control

42°C, 2.0 mM

A 720 nm

Days

Fig. 2 : Growth of Nostoc ellipososporum in absence of
sulphide at 28 °C, 42 °C and presence of sulphide at 42 °C.

Antioxidant Enzymes

In mesophilic species, temperature stress may result in
the formation of free radicals. Microorganisms have evolved
mechanisms to protect themselves from reactive oxygen
species as a result of evolution. Superoxide dismutase,
catalase, ascorbate, peroxidase, and glutathione reductase are
antioxidant enzymes found in this system (Gupta et al.,
2015). Survival rates differ between species or ecotypes in a
wide range of taxa due to their stronger and more refined
ability to scavenge ROS in comparison to their sensitive or
less tolerant counterparts. (Sulmon et al., 2015).

Microorganisms' responses to changes in abiotic
settings are frequently quick, resulting in organism
acclimatisation within a few hours of exposure (Singh et al.,
2005). The level of antioxidant enzymes in the test organism
at 42°C was evaluated 48, 96, and 144 hours after
inoculation. The activity of superoxide dismutase (SOD) in
Nostoc ellipososporum cells grown at 28 °C did not
significantly increase. On the other hand, control cultures of
organisms grown at 42 °C had 41.4% higher SOD activity
after two days than cultures cultivated at 28 °C.

The maximum SOD activity in the test organism was
obtained after 2 days in 2.5 mM sulphide supplemented
cultures (Fig. 3).

SOD activity was 41.4% percent higher in these
cultures at 42 °C than in the control cultures.

After 4 and 6 days at 42 °C, sulphur supplemented
cultures had 42% and 31 % more SOD activity than control
cultures.

As a result, the presence of sulphide in the cultures had
a significant impact on the growth rate. SOD is considered
the first line of defence against superoxide anion and is
known to catalyse the conversion of two superoxide anions
O, into a molecule of H,O, and O,. Catalase and/or
peroxidase react with H,O, to generate water and oxygen,
completing the reaction began by SOD to neutralise
superoxide anions (Liang et al., 2014, Gupta et al., 2015 and
Christoul et al., 2013). Wen-yan et al. revealed that the
survival of Spartina alterniflora in high sulphur
environments was attributed to its enzymatic antioxidant
defensive activities of SOD and ascorbate peroxidase, which
increased when the organism was exposed to high levels of
Na,SO,. POD activity of Nostoc ellipososporum grown at 28
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°C was identical for up to 6 days (Fig. 4). At 42 °C, POD
activity control cultures of the test organism increased after 2
days and remained nearly constant for the next 6 days.

POD activity increased by 52.6 percent on the second
day when 2.5 mM sulphide was present, but remained
virtually unchanged for the next four days.

POD activity in sulphide containing cultures declined
after 6 days, although it was remained 13.5 percent higher
than in control cultures at 42 °C.

Control cultures of Nostoc ellipososporum grown at 28
°C revealed the same level of CAT after 2 days (Fig. 5).

CAT levels in sulphide cultures increased by about 12.7
percent and 6 percent after 4 and 6 days, respectively, when
compared to their respective controls at 42 °C.

0 28°C  E42°C, Control @ 42°C, Sulphide

08

0.6

SOD (U)

04

02 |

Days

Fig. 3 : SOD activity in Nostoc ellipososporum when grown
at 28 °C and 42 °C in absence of sulphide and at 42 °C in
presence of sulphide.

SOD activity at zero h: 0.70 U

@ 28°C B42°C, Control @ 42°C, Sulphide

Days

Fig. 4 : POD activity in Nostoc ellipososporum when grown
at 28 °C and 42 °C in absence of sulphide and at 42 °C in
presence of sulphide.

POD activity at zero h: 0.6 U

O 28°C @42°C, Control 8 42°C, Sulphide

CAT (U)

Days

Fig. 5. : CAT activity in Nostoc ellipososporum when grown
at 28 °C and 42 °C in absence of sulphide and at 42 °C in
presence of sulphide.

CAT activity at zero h: 323.0 U

As an enzyme, it has a detoxifying mechanism. H,O, is
removed without the need of reducing equivalents like
NADPH. Before H,0, starts diffusing, CAT and POD act on
other cellular components (Gill and Tuteja 2010 and Liang et
al., 2014).

These studies indicated that antioxidant enzymes were
active when sulphide was present at high temperatures.

Thermal stress may have caused reactive oxygen
species to develop in this organism, as demonstrated by
increased SOD, POD, and CAT activity.

These enzymes scavenged the ROS, allowing the
organism to deal with the stress imposed by the increasing
temperature.

H,S has also been proposed as a potent antioxidant and
free radical scavenger by Predmore et al. (2012) through up-
regulation of antioxidant enzymes. The Sulphide triggers,
according to the findings defensive system of enzymatic of
the organism being tested, as well as providing protection
against the effects of heat. This is the first of a series of
reports on the significance of sulphide in thermal stress relief
by inducing enzymatic defense system mesophilic
cyanobacteria Many researchers have demonstrated
sulphur induced tolerance to biotic stressors in a variety of
species (Bloem et al., 2007 and Fu 2012). Under both biotic
and abiotic stressors, elemental sulphur and sulphur
containing  compounds such as  phytochelatins,
glutathione, and sulphur rich proteins play a significant
role in plants (Bloem et al., 2007 and Atmaca 2004). The
importance of H,S in reducing oxidative damage caused
by heavy metals has been established.

H,S has been shown to improve wheat seed
germination, combat chlorophyll loss, minimise oxidative
damage caused by osmotic stress in sweet potatoes, and
promote the embryonic root length of Pisum sativum
(Atmaca 2004). Plants may also use H,S as a signalling
molecule in response to abiotic stressors like drought,
salinity, and temperature. When H,S was exogenously
administered, the amount of antioxidant enzymes such as
SOD, POD, and CAT increased, inducing resistance to
such abiotic stressors in plants (Fu 2012).

The above findings show that sulphide activates the
test organism's enzymatic defence systems and protects it
against temperature stress.

Conclusions

At 42°C, the mesophillic cyanobacterium Nostoc
elliposorum grew slowly When basal media was
supplemented with 2.5 mM sulphide, the test organism grew
at a faster rate than control cultures at 42°C. When the
mechanism of survival at high temperatures was explored in
conjunction with the antioxidant defence system under
thermal stress, it was discovered that at sulphide prompted
enzymatic antioxidants (SOD, POD, and CAT) that defended
the organism from thermal stress.
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