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Abstract—Cyanobacteria blooms occurred worldwide, including in India Microcystis aeruginosa is a cyanotoxins
producing species that occurs in aquatic habitats such as lakes and rivers and varies with different geographical locations.
Microcystin (Hepatotoxin) causes serious health hazards in humans, animals, and aquatic living organisms. The ability of
microcystin to inhibit the growth of cancer cell lines may lead to the discovery of effective anticancer drugs,
pharmacological and toxicological significance of the cyanobacterial genera Microcystis. The influence of nutritional,
physicochemical, and environmental factors had effects on the release of microcystin (Hepatotoxin) in Microcystis
aeruginosa in different aquatic environments of central India. In this study, we investigated the distribution of potentially-
toxic Microcystis aeruginosa for environmental factors that influence the abundance of Microcystis aeruginosa cell density
in lakes, dams, and rivers of different aquatic regions (Bhopal, Ujjain, Tikamgarh, Gwalior, and Rewa) of central India.
Microcystis aeruginosa populations were found in 97.5% of the sites, with the number of cells peaking in the rainy season
(7.3 x 106 cells L"), followed by similar trends in the winter season (6.1 x 106 cells L), and a significant decrease in the
summer (4.2 x 106 cells L ™). Seasonal significant differences were observed in the rainy (p>0.07), winter (p>0.05) and
summer (p>0.02) seasons in Microcystis aruginosa. Thus, a significant difference in microcystin-producing Microcystis
aeruginosa cells and Chl-concentrations throughout the year, correlating with these various biological and physicochemical
parameters, confirms the importance of local environmental factors like phosphorus, nitrate, DO concentration, and pH, as
well as regional conditions like distance from built areas and nature reserve parameters, in influencing the geographical
distribution of toxigenic Microcystis. Furthermore, the results show that microcystin identified the pharmacological
importance of the cyanobacterial genera Microcystis aeruginosa.
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I. INTRODUCTION cyanobacteria and exists as single cells with a size of 30 to

40 pum and with varying colonies ranging from a few to

Toxic Microcystis aeruginosa blooms are a growing threat
to  freshwater  bodies  worldwide. Microcystis
aeruginosa has been reported in more than 106 countries,
including Australia, China, Europe, Pakistan, Bangladesh,
Israel, Japan, Latin America, North America, South
Africa, Thailand, and Sri Lanka. Microcystis is the most
common species of bloom-forming cyanobacteria known
to produce cyanobacterial hepatotoxins known as
Microcystins, which have cytotoxic and genotoxic effects
in animal cells, induce oxidative stress in animal cells, and
are thought to be one of the main mechanisms of
microcystin toxicity [1]. It is well documented that
Microcystis forms large colonial phenotype in eutrophic
reservoirs and is very common in Indian aquatic
environments. Poisoning and serious chronic effects in
humans, such as cancer, have been reported, but many
studies have reported a microcystin toxin with anticancer
potential in human cell lines, resulting in promising
control of human adenocarcinomas [2]. Microcystis is the
most common genus of bloom-forming freshwater
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thousands of cells under natural conditions [3]. More than
50 Microcystis morpho species have been recognized
according to variations in colony form, mucilage structure,
cell diameter, cell arrangement within a colony, ratio of
the pigments phycocyanin and phycoerythrin, and details
of the seasonal life cycle and their morphological
characteristics [4]. Under suitable environmental
conditions such as light intensity, total sunlight duration,
nutrient availability, water pH, increased precipitation
events, and water column stability, they rapidly multiply in
surface water, causing Microcystis blooms [5].

Parameters like light intensity, pH, temperature, nutrients
like nitrogen (N) and/or phosphorus (P), and trace metals
could play a critical role in microcystin toxin production in
Microcystis blooms in aquatic environments [6]. Urban
water develops under the strong influence of
anthropogenic factors and, hence, significantly differs in
the main physical and physicochemical properties from
that of natural zonal fresh water, which is responsive to the
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anthropogenic transformation of its properties, which
influences Microcystis aeruginosa abundance [7]. The
influence of meteorological parameters in a changing
climate can lead to predictable consequences on light and
temperature, which have been shown to influence the
growth rates of potentially toxic Microcystis sp. in
different geographical areas [8] and toxin biosynthesis by
Terray etal., [9].

Bagchi (2005) have reported in the region of western Asia
included India incidence of cyanotoxins producing
cyanobacterial ~ Microcystis  sp.,  Arthrospira  sp,.
Pharmidum sp., Oscillatoria sp., in nutrients nitrogen (N)
and/or phosphorus (P), rich in aquatics of different
geographical regions of, Eastern and south and India
Central, Codd et al., [10], also many studies reported
Microcystis sp. Blooms increasing threats occupy in rich
nutrients nitrogen (N) and/or phosphorus (P) in lake,
fresh water, resorvirors widely used in drinking water and
daily needed in central India[11]. Therefore, the central
India was selected for identification of cyanotoxins
producing cyanobacteria and determination of cyanotoxins
in different geographical areas such as Bhopal, Ujjain,
Rewa, Gwalior and Tikamgarh region of central India,
study of biodiversity of occurrence of Microcystis
aeruginosa in different aquatic habitats and bioactive
metabolites microcystin toxins synthesis in different
physicochemical environmental and nutritional condition
of different aquatics and also metrological study on the
abundance of Microcystis aeruginosa in different aquatic
habitats and in different geographical areas of central
India.

Il. MATERIALS AND METHOD

Study sites and sample collection

The cyanobacterial bloom sample of natural lakes,
artificial lakes, dam and River were included for studies
from different aquatics of different geographical location
of central India. Clean glass bottles were used to collect 1L
water to brought to the laboratory, during March-2018 to
Feb-2019. Out of 113 water sample 25 samples were taken
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from natural lake of Bhopal sampling station, 21 samples
were taken from natural lakes of Ujjain sampling station,
10 samples were taken from natural lakes of Gwalior
sampling station, 19 samples were taken from natural lakes
of Tikamgarh sampling station, and 38 samples were taken
from natural lakes, rivers and Dam of Rewa sampling
station of central India.

All latitude and longitude records for each lake were
verified by checking visually the information provided in
Figure 1. Study site code: Lower lake (LWL), Siddki
Husain lake (SDL), Sahpura lake (SPL), Laharpur dam
(LPD), Hathaikheda dam (HKD), Kaliasote dam (KSD),
Ayodhya nagar pond (AYP), Neelbad tank (NBT), Ladiya
Talab (LDT), Motia lake (MTL), Munshi Husain lake
(MHL), Chachai Dam (CCD), Chachai Dam (CCD),
Chachai Dam (CCD), Chachai Dam (CCD), Chachai Dam
(CCD), Chachai Dam (CCD), Chachai Dam (CCD),
Chachai Dam (CCD), Chachai Dam (CCD), Chachai Dam
(CCD), Chachai Dam (CCD), Chachai Dam (CCD),
Chachai Dam (CCD), Chachai Dam (CCD).

Media preparation and Culture of cyanobacteria

The different liquid media BG-11, BG-12 and Hughes
were prepared as Rippka et al., [12], the components of
media were weigh using weighing balance (Axis India)
then components transfer in the 500 ml measuring cylinder
to measure the required volume of media makeup by
adding distilled water, the dissolved components pour in
the 1 Litre beaker and pH-7.9 of media adjust by using
digital pH meter (upH system 361), then sterilized at
121°C for 30 min. For culture of collected samples the
Iml sample were inoculated in BG-11 medium, and
maintained at 262°C under illumination with cool light
fluorescence tube (intensity approximately 10-50 W/m?),
maintained under photoautotrophic growth conditions with
slight modification of procedure developed by Ripkka et
al., [13]. The composition of modified Hughes medium,
pH-7.5, Hughes et al., [16]; modified by Allen [17] and
the composition of BG-11 medium, pH-7.9, [12] ,the
composition of BG-12 medium, pH-8.0, [14].
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Figure 1: Map of sampling station geographical position and locations of Microcystis bloom forming study sites of different aquatic
habitats of central India, [46].

Isolation, Identification and Purification of Microcystis
aeruginosa

The each cyanobacterial sample was observed under the
light microscope (Leica analytical system) using oil
immersion under 100X magnifications, the cyanobacterial
genera were identified taxonomically on the basis of
morphological characteristics, cell shape, and surface
areas, following the monograph [15]. For removal of
bacterial and fungal contamination from Microcystis
aeruginosa isolates culture, the 10 day old 2 ml cultures of
each isolates were centrifuge (eppendrof pvt. Ltd.) at 6000
rpm for 10 min at 4°C, after centrifugation the supernatant
were discarded and pellet dissolved in sterilized distilled
water and vortexed it. The 0.1ml inoculums was cultured
in solid BG-12 medium contained Petri dishes, the plates
were placed under illumination at 26+2°C. For purification
of Microcystis aeruginosa isolates culture using pour plate
technique and streaking method, where 0.8% agar used in
BG-11 medium and sub cultured till pure cyanobacterial
colony visible under light microscope [12]. Then checked
the bacterial and fungal contamination in the Microcystis
culture in BG-11 solid media was used under dark/light
incubation, the 10 days old culture was used for growth on
nutrients agar media (NAM) and potato dextrose agar
(PDA) at 37°C and 28°C, respectively for 24 hrs.
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Optimization of different nutrients media

The different nutrient media were prepared as modified
Hughes medium, BG-11 medium and BG-12 medium .
The pure Microcystis aeruginosa isolates culture were
grown in liquid medium BG-11 and modified Hughes and
BG-12 in 250 ml of conical flask with 100 ml containing
liquid media. All other components and environmental
conditions of the prepared media (BG-11 and modified
Hughes and BG-12 liquid media) For 8 days, all isolates
were placed at 26 20C under illumination with a cool light
fluorescence tube (intensity approximately 10-50 w/m2),
the flasks were shaken by hand twice a day, and
photoautotrophic growth conditions were maintained [12].
The optical densities of isolates were measured at 680 nm
according to Cummings, (2015).

Measurement of Chlorophyll-a

Chlorophyll-a was Measured by the method described by
the [18], 4 ml of culture centrifuge at 5000rpm for 10 min
at 4°C, after centrifugation the pellet were suspended and
gently mixed with methanol and placed for 30 min
incubation, then centrifuge at 5000rpm for 10 min at 4°C
cell debris removed and Chlorophyll-a content dissolved in
methanol and measured by spectrophotometer.
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The quantitative estimation of Chlorophyll-a.
Chl-a (mg mI™) = 13.42 X OD g5 X 4 ml (volume of
methanol) 1ml (vol. of sample)
Evaluation of Microcystis aeruginosa growth using
different growth parameters:

The growth rate (u) day™ was calculated based on OD
measured at 680 nm following the equation

L= In (3 - X1)
ut(ty-1t)

Where, X; and X, are the optical densities at times t; and t,
, growth rate (p) occurring at any time during the
incubation (Sorokin, 1975).

The doubling time (G) was calculated as: G = In2/ y\,
where 1n2=0.693 and 1 =growth rate.

Subsequently, the nutrients optimization for growth of
Microcystis aeruginosa in BG-11 and Hughes medium
results found that out of 30 only 10 isolate were highly
potent. The 5ml culture of Microcystis aeruginosa isolates
were taken at exponential growth phase and harvested
using centrifuge at 6000 rpm for 5min. and inoculated in
liquid medium BG-12 at pH-7.9 in 250 ml of conical flask
in triplicates and placed at 26 +2°C under illumination
with cool light fluorescence tube (intensity approximately
(50 KW/cm?) maintained under photoautotrophic growth
conditions up to 9" day.The optical density of each
Microcystis aeruginosa isolates culture was measured at
680 nm at 48 hrs of interval ,the quantitative estimation of
Chlorophyll-a.was performed. Extraction of protein from
Microcystis aeruginosa isolates culture. The concentration
of protein in the solution was estimated from a calibration
curve prepared by BSA as a known standard, the protein
was measured according to the Lowry et al., [19].

Optimization of physiological conditions

Experimental condition for pH effects

Buffer used to adjust pH of BG-11 culture medium for
experiments, sodium phosphate buffer (0.01M) pH-6.0,
7.0, borax buffer(0.01M) pH-9.0,HEPES buffer (0.05M)
pH-8.0. Borate (10 mM) pH-11 (Dawson and Elliot,
1989). The Microcystis aeruginosa isolates were harvested
by using centrifugation (6000 rpm for 10 min) and
Microcystis aeruginosa isolates was inoculated in pH-6.0
and 7.0, 8.0, 9.0 and 11.0 of BG-11 media at 28+1°C under
florescent light (50 W/cm?) for 9 days according to [20].

Experimental condition for light exposures

The isolates were concentrated by centrifugation (6000
rpm for 10 minutes), pellet washed with distilled water,
and inoculated in a 150 ml conical flask containing BG-11
medium. Microcystis aeruginosa were grown at different
light intensity levels (A-50.08 W/cm?, B-12.30 W/cm?, C-
5.32 W/cm?).. Light was supplied from cool-white
fluorescent tubes (BAJAJ, 6500°K 36W 5M8) and
different intensities were maintained by white paper (shade
sheet), [20].
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Experimental condition for temperature exposures

The experiments were performed with Microcystis
aeruginosa isolates for experiments  Microcystis
aeruginosa isolates culture were concentrated by using
centrifugation (eppendrof centrifuge 5415R) at 6000 rpm
for 10 min. and the cultures were grown in liquid BG-11.
The temperatures were applied 18°C (“low temperature”),
26°C  (“control”), 30°C and 36°C, 40°C (“high
temperature”). The isolates culture was placed in shaker
(20 rpm) (ORBITECH, Scigenics Biotech) for each
temperature and placed under cool light fluorescent tubes,
[21].

Optimization of nutrients concentration

Experimental condition for growth experiment Microcystis
aeruginosa isolates were cultured in BG-11 medium.
Ferric ammonium citrate. NaNO3, K,HPO,, were used to
regulate the concentrations of NOj, PO, and NH," in
BG-11 media. Before each experiment, all Microcystis
aeruginosa isolates e were adapted to a medium without N
or P for 48 hrs. In each experiment, 150-ml conical flasks
experiments were performed in triplicate at pH 8.0,
temperature of 28+1°C, light intensity of (50 W/cm?) on
16: 8 h light-dark cycle. The effects of nutrients were
tested at different concentration of nutrients, different
concentrations of NH," (10, 30, 50, 100 uM), NO5/, (5, 10,
20, 50 mM) and PO, (0.1, 0.3, 1.0, 5 mM) according to
[22].

Morphological  analysis  of
Physicochemical and meteorological
Colonial Microcystis sp. were collected 30 samples from
the five different sampling station of central India, as
Microcystis blooms occur frequently at this site. The
sampling, which was conducted seasonally from march-
2018to Feb.-2019 and the collected samples were
maintained at 20°C.

Microcystis  and

Cells were counted using optical microscope (Leica Pvt.
Ltd.) at 100X magnification for distribution of cells
(Schoen, 1988 and Guillard, 1978). The measurement was
average number of cells per 1mm square, so the centre
large square is usually counted and to obtain the total
number of cells in this large square, the number of cells in
each of the 25 medium squares were counted, recorded
then added. Usually the procedure is repeated twice more
to give a total of 6 counts. To obtain the cell density,
calculate the average cell count and multiply by the
conversion factor (for Neubauer = x10%).

With the help of a thermometer, the physical
characteristics of a water sample from various sampling
sites in central India were analysed physicochemically
(76MM, Immersio, Zeal, England) pH metre was used to
measure the pH of the water, and the concentration of
dissolved nutrients, including free carbon dioxide (free
C02), alkalinity, chloride, dissolved oxygen (DO), nitrate,
conductivity, and total dissolved solids, was determined
(TDS).The central Indian cities of Bhopal, Ujjain, Rewa,
Tikamgarh, and Gwalior were among those whose
meteorological conditions were studied.
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Principal component analysis of samples

Multivariate factor analysis was performed on the physico-
chemical and biological variables average data one year
study period of study sites using principal component
analysis (PCA) by help of SYSTAT software.

Statistical analysis
All statistical analyses were performed with SYSTAT
software package-5.0. Two way ANOVA for significance
level, PCA analysis.

I1l. RESULTS AND DISCUSSION

Out of total of 113 samples collected only 30 Microcystis
aeruginosa were isolated from different aquatic habitats of
different geographical location of central India, the
identification of cyanotoxins producing cyanobacteria,
study of biodiversity of occurrence of Microcystis
aeruginosa and bioactive metabolites microcystin toxins
synthesis in different environmental, nutritional condition
and genes involved in microcystin toxins regulation and
synthesis, understanding their toxic effects on animal cell
line models with a view to exploit naturally occurring
cyanotoxins effects and implications, pharmacological
action of aggregation process under influence of crude
extracts of Microcystis aeruginosa. The results obtained
from the present investigation are presented here under.

Isolation and identification cyanobacteria

The present study was conduct to enumerate cyanobacteria
from different aquatic habitats of different geographical
location of central India. The 30 isolates of Microcystis
aeruginosa were taxonomically identified during
microscopy examination of samples. The existence of
intracellular structures, the gas vesicles provides buoyancy
to cells, in culture also all cells ovoid and spherical in
shape were observed, the wvariation of Microcystis
aeruginosa colonies 40-90 um were observed.

In the field of science, for many years, researchers and
scientists in different parts of India have conducted
microscopic detection and enumeration of cyanobacteria
species in freshwater bodies containing visual algal
blooms. Water samples found to contain potentially toxin-
producing species of Microcystis aeruginosa above a cell
density threshold of 20,000 cells L™ indicate a scarcity of
information describing the occurrence of toxic Microcystis
aeruginosa blooms in various aquatic habitats of India, as
well as the toxins typically encountered. The Central India
region Bhopal, Ujjain, Gwalior, Tikamgarh and Rewa,
have different subtropical climates, rainfall, day light and
temperature, due to these reasons effects on the
morphological and physiological characteristics growth of
Microcystis aeruginosa. Similar observation were also
proposed Microcystis morphospecies [23] and colonies
size variation (90- 100 pm) geographical distribution and
climate conditions of aquatic habitats[24],[25].

Evaluation of growth in different nutrient media
Cyanobacteria are photosynthetic prokaryotes, which can
produce a wide range of bioactive compounds with

© 2022, 1IJSRBS All Rights Reserved

Vol.9, Issue.6, Dec. 2022

different properties; including a variety of toxic
compounds, also known as cyanotoxins. The growth of all
Microcystis aeruginosa isolates from different aquatics of
central India were chosen to evaluate its growth by O.D.
measure and chl-a estimation, and its toxin production
categorized under different nutritional regimes. The
growth of Microcystis aeruginosa were studied in BG-11
nutrient media for 9 days, during exponential phase on the
day 5-7 higher growth rate () (0.8 mI™) and Chl-a (0.12
mg™) content were observed in  all Microcystis
aeruginosa isolates (MTL, MHL, SPL, CIL, LWL, SDL,
SRL, LPD, HKD, KSD, AYP, NBT, RSL, VSL and SSL),
however in (VDT, HST, TKL, MPT, MSL, LDT, BCR,
BHR, GDM, CCD, GVL, RNT and JHD during
exponential phase higher growth rate () (0.5 mlI™)
and chl-a (0.12 mg™) content were observed which is
shown in Figure 2.

The growth of Microcystis aeruginosa were studied in
Hughes nutrient media for 9 days, during exponential
phase higher growth rate (0.8 mI*®) and chl-a (0.18 mg™)
content were observed in isolates (MTL, MHL, SPL, CIL,
LWL, SDL, SRL, LPD, HKD, KSD, AYP, NBT, RSL,
VSL and SSL), however, VDT, HST, TKL, MPT, MSL,
LDT, BCR, BHR, GDM, CCD, GVL, RNT and JHD
during exponential phase on the day 5-7 day lower
growth rate (1) (0.5 mI™) and chl-a (0.14 mg™) content
were observed, which is shown in Fig. 3.

Subsequently, the growth optimization of Microcystis
aeruginosa in BG-11 and Hughes media were performed.
The experimental results found that the out of 30 isolates
only 10 isolates growth were significant which were
selected for growth optimization of  Microcystis
aeruginosa were studied in BG-12 nutrient media for 9
days. The growth characteristics of isolates in BG-12
nutrients medium, the isolates (MTL, MPL, HST, GVL,
LWL, TKL, RNT, SRL, HKD, MSL), these isolates grow
faster has higher growth rate and long exponential phase
from day 4™ to 7" growth rate (0.8 mg™), chl-a (0.18
mg™) and protein (1.36 mg” d™ ), the results of growth
profile of isolates in BG-12 nutrients medium shown in
(Fig.4), showed pronounced differences between the
exponential and stationary phase.

The Microcystis aeruginosa isolates of different aquatic
habitats showed variation in growth rate, exponential and
stationary phase, some of isolates have a greater specific
growth rate, chl-a and proteins content as compared to
other isolates. Because the Microcystis aeruginosa isolates
collected from different aquatic habitats and geographical
location therefore the growth pattern was different in
laboratory  condition. Many researchers reported
Microcystis aeruginosa from different aquatic growth rate
and exponential phase times were different in different due
to different geographical location of water source.
Similarly the collected Microcystis aeruginosa from
different aquatic habitats shown growth rate, chl-a and
exponential phase time were vary in different aquatic
source, growth rates of Microcystis aeruginosa were
varying due to different light intensities, nutrient
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concentrations environmental factors water temperature
factor determining the dominance of the Microcystis sp.
due to sample were collected from different geographical
location[26,27].

The experimental results showed that the growth rate,
protein and chl-a content in Microcystis aeruginosa
isolates were significant, cellular protein content increased
from 0.6 to 0.9 mg™ ' during exponential phase. Protein is
the main component of Microcystis cell architecture and is
closely related to the life activities of the cells [28], thus,
high proportions of protein at high specific growth rates
favor the maintenance of Microcystis aeruginosa [29,30].
Chlorophyll-a is a measure of the amount of Microcystis
aeruginosa growing in a water body which can be used to
classify the trophic condition of a water body [31]. As per
guideline World Health Organization, the chlorophyll-a is
the indicator of microcystin concentration, the similar
levels for microcystin for cyanobacteria abundance and
chl—a proposed ranges low (< 10 pg"), moderate
(between 10 and 50 pg™, high (between 50 and 5000 pg™),
and very high risk (>5000 pg") are useful tools to
overestimate actual risk [7]. Parameters to express
microcystin  production, such as protein content,
chlorophyll-a and comparison of intracellular microcystin
production are very difficult to indicate protein and
chlorophyll-a dependent cellular processes, which are
expected to change under different tropic condition [32].

The experimental results showed that the variation in
growth rate and chl-a content in Microcystis aeruginosa
isolates in different culture media Hughes, BG-11 and BG-
12, showed that the BG-11 and BG-12 nutrient medium
were well supported the growth of Microcystis aeruginosa
isolates of highly significant at (P<0.05) . The Hughes
medium also supported growth, although the growth rate
were very slow. The growth indicated that the Microcystis
displayed exponential growth and fast adaptation to the
BG-11, BG-12 nutrient media condition compared to
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Hughes media. The results reinforces the nutrients are
essential for the growth of Microcystis aeruginosa. The
growth of Microcystis aeruginosa and production of
pigments depends on composition of medium and its pH,
light intensity exposures, in the experiment composition of
nutrients medium and pH were different therefore, in BG-
11 and BG-12 media, higher growth rate and
concentration of chl-a were recorded in all isolates where
in Hughes nutrient media moderate growth rate, chl-a
content were noticed. Similarly, Cifuentes et al., reported
highest nitrogen content which resulted in high
accumulation of chl-a in Microcystis aeruginosa, which is
due to the well-known effect of limitation of nutrient as an
inductive factor for chl-a content in Microcystis
aeruginosa. Hughes media contain low nitrogen source,
therefore the lower production of chl-a, Chl-a is the
essential photosynthetic pigment in cyanobacteria, because
only chl-a can utilize the absorbed light energy for the
synthesis of chemical energy ATP. According to Sedmak
and Elersek [33] Microcystis aeruginosa possessed higher
photosynthetic activity after cells became aggregated,
which supported the view that the unicellular Microcystis
aeruginosa, this physiological characteristic might
facilitate Microcystis maintaining predominance in natural
water [34],[35]. The culture media used in this work have
different nutrient compositions, in particular regarding to
metals, vitamins and iron. These elements is essential to
several metabolic processes for cyanobacteria such as
chlorophyll-a synthesis, respiration, photosynthesis and
nitrogen fixation [36]. The nutrients such as nitrogen,
phosphorus and ammonium influence growth of
Microcystis aeruginosa isolates. The growth of isolates
more in BG-11 and BG-12 medium than Hughes media
because of appropriate Ka®, Na" ions required in the
cytoplasm of Microcystis aeruginosa for optimum growth
and nucleic acid synthesis, BG-11 and BG-12 medium
consists higher concentration of Na* and K* where Hughes
medium has moderate concentration of Na* and K* source
[37].

voT HST BHR BCR MTL MHL SPL ciL LWL ML MEIL 9Pt il
LwiL SDL SRL LPD
GDM JHD cco GVL sDL SRL LPD HKD KSD
HKD KSD
RNT TKL T ] _—
1.21 9 1.01 : [
P 1.01
%;Zi l I 4 Fos J‘ I F So.81 I T ¥
K © —
Eoen i + Y 0.61 ]  m — _gO.Gl ; - . —
20.41 [ T T go4 ‘ 71 gom [ g
S o0.21 [ T 1 T o2 {4 T J‘ T 0.21 b i J T
9:0%, ' ) , . ” 0.01 ] | — ' . 0.01 [ | I—- —
0 1 Dicn 7 2 o 5 7 9 o 1 s 7 9
o4 Days Days
VDT ——— HST BHR BCR MTL ——— MHL SPL ciL AYE: NET LBT RBL
GDM JHD cCco GVL LWL SDL SRL LPD VSL fSAL MET; TaL
RNT TKL HKD KSD WISk SSL
?0.251 ‘ T ‘0»251 .l_ =g:$g} i ?
{ E w0.161
#0201 ‘ 1 go.zm 1 £0.141 } T £
fous: | VAN [N fouan Ny
0.101 §0.081 {
;i 2 50. 101 ¥ :1: S0.061 | T
0.051 { ?0.041
z 05 F ¥ + Zo.051 T ¥ #5021 ; T 1
0.001 ' v 2 . 0.001 +—* g 0.001 I v
o 1 5 7 9 2 o : 1 o 1 5 7 9

Days

Days

Days

Figure 2. Growth profile of Microcystis aeruginosa isolates during growth in BG-11 nutrients media, A-Growth rate and B- Chl-a
concentration.
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Figure 3. Growth profile of Microcystis aeruginosa isolates during growth in Hughes nutrients media, A-Growth rate and B- Chl-a
concentration.
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© 2022, IJSRBS All Rights Reserved 7



Int. J. Sci. Res. in Biological Sciences

Growth characteristics of Microcystis aeruginosa
under different physiological conditions

A common cyanobacterium called Microcystis aeruginosa
can harm freshwater ecosystems both ecologically and
economically when it is in large quantities. However,
physiological studies reported physiological variation
among different strains of Microcystis in determining
growth, and potent of bloom formation. Because of this,
research in the lab on the development characteristics of
Microcystis aeruginosa under various physiological
conditions revealed a wide range of physiological
reactions to modification oftemperature, light, salinity, and
macronutrients.

Growth of Microcystis aeruginosa under different pH

Growth of Microcystis aeruginosa isolates at different pH
values (pH 6, 7, 8, 9 and 11) were studied different
medium, when isolates at different pH, the isolates MTL,
MPL, HST, GVL, LWL, TKL, RNT, SRL, HKD, MSL
have showed optimum growth and maximum growth

A
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was evident at high pH-8.0 , of observed growth rate (1) =
3.0 d* shown in Fig. 5. The growth characteristics all of
isolates statistical analysis results showed that the growth
of all Microcystis aeruginosa isolates highly significant
ANOVA, P<0.005) at pH-8, while it was not significant at
pH- 7.0, 9.0 and 11.0.

Due to the collecting of Microcystis samples from various
aquatic habitats in central India, the growth of the isolates
was impeded at low and high pH levels. Chiu, Kao, and
Wang et al. [38] revealed similar findings on the growth
rate fluctuation in different pH conditions in laboratory
settings as well as in aquatic environments. According to
the experimental findings, the BG-12 medium's pH-8
growth rate and chlorophyll-a concentration significantly
differed from each other. According to similar studies,
Microcystis aeruginosa grows best at a pH- 8.0 under lab
conditions, according to Wangwibulkit et al. [47].
According to these findings, Microcystis aeruginosa
growth is inhibited in an acidic environment [39].
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Figure 5: Growth profile of Microcystis aeruginosa isolates on 5™ day of incubation under the influence of different pH: A-6,B-7,C-8,D-
9and E-11.

Growth under different light intensity

Growth of isolates MTL, MPL, HST, GVL, LWL, TKL,
RNT, SRL, HKD and MSL were studied under different
light intensity conditions, in all isolates where cumulative
growth rate (u) = 3.8 d* at 50 W/cm? light intensity
occurred and long exponential growth phase was found on
5" - 7" day. The optimum growth rate () = 3.4 d™* at (12
W/cm?) light intensity was shown in Fig. 6, at low light
intensity (5.38 W/cm?) growth was not significant.
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The experimental findings unambiguously show that
Microcystis aeruginosa grows and behaves differently
depending on the amount of light it receives. According to
the studies, the dominance of the Microcystis aeruginosa
strains in Australian freshwater systems with variable light
intensity is demonstrated by their capacity to survive in a
range of light intensities, from low to high. When
photosynthesizing cells are exposed to light of any
intensity, two distinct phenomena occur simultaneously,
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namely the photodamage (light-induced inactivation of
PSII) and the repair of photodamaged PSII. Light is
necessary for photosynthesis, but excessive light energy is
harmful to the photosynthetic machinery [40]. The extent
of photoinhibition of PSII depends on the balance between
the rate of photodamage and the rate of repair. The
correlations between Microcystis aeruginosa cells density
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and cellular pigment chl-a content under 50-60 W/cm?
light intensities were shown by Mehnert et al.,[41]. The
higher Microcystis aeruginosa growth rate could be due to
a maximum chl-a concentration due to higher light (50-80
W/cm?) conditions, which may a significant factor
controlling Microcystis aeruginosa growth and toxin
production[40].
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Figure 6: Growth profile of Microcystis aeruginosa isolates on 5™ day of incubation under different light intensity A-50.38 W/cm?, B-
10.75 W/cm?,C- 7.02 W/cm?,

Microcystis under different
temperature

The growth of isolates MTL, MPL, HST, GVL, LWL,
TKL, RNT, SRL, HKD and MSL were studied under
different temperature and growth characteristics of isolates
were observed from 5" to 7" day growth rate (n) 3.0 d*
growth was maximum and long exponential phase was
observed 28°C and lower growth occurred at18°C . At
high temperature (36°C) the growth rate () was 3.0 d™
and chl-a was 0.031 mg™ d* was found at 40°C Fig. 7.
The growth characteristics showed the growth rate of
isolates at temperature 28 °C was significant (ANOVA,
P<0.005), where as 18°C, 36°C and 40°C  temperature

were non significant towards growth rate.

aeruginosa growth

The growth rate and chl-a content in isolates gradually
declined (stationary phase) until the end of the experiment
due depletion of nutrients in culture media. The results
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presented in this study clearly indicate differences in
growth and physiological characteristics of Microcystis
aeruginosa in relation to temperature and the growth rate
of Microcystis aeruginosa isolates were strongly affected
by different temperature conditions because sample were
collected from different  geographical locations.
Microcystis aeruginosa may have a maximum growth at
28 °C due to adaptation of isolates to optimum temperature
found in different habitats. The significant differences
were found in the growth of low and high temperature
which were according to Imai et al., [26]. In freshwater
ecosystems, phytoplankton generally shifts from diatoms
to green algae to cyanobacteria accompanied by seasonal
temperatures increase from 10 to 30 °C [28,38]. The data
results revealed that Microcystis aeruginosa outcompetes
as temperature increased. Thus, the rise climate condition
may accelerate the phytoplankton succession  and
Microcystis  aeruginosa  bloom  formation  [38].
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Figure 7: Growth profile of Microcystis aeruginosa isolates on 5™ day of incubation in different temperatures A-18 °C, B-28 °C,C-36 °C,
and D-40 °C.

Growth characteristics of Microcystis aeruginosa in
presence of different nutrients

Cyanobacteria blooms are typically associated with
eutrophic and poorly flushed waters. Nutrient
concentrations and water quality influence on the growth
rates of toxic and non-toxic strains of Microcystis.
Different nutrient N, P and NH,*-limited conditions effects
on the cell morphology, cell number and life history.

Impacts of NO3

Growth of isolates were studied under  different
concentration of NO3™, the maximum growth rate (i) 3.0
d*, found at 20 mM NO3 during exponential growth phase
on day 5" to 7" , the optimum growth rate (1) 3.0 d™* of
isolates (MSL, GVL and RNT) were occurred at 10mM
(0.8 mg™ ) NO; and growth of isolates were significant at
(p < 0.01), different NO3™ concentration growth rate in all
isolates growth profile of isolates shown in Fig.-8.

Impacts of PO,>

The growth of MTL, MPL, HST, GVL, LWL, TKL, RNT,
SRL, HKD and MSL were studied under different
concentration of PO,> , the growth (u) 3.0 d* , were
occurred at 0.3 mM PO,* and isolates (MSL, GVL and
RNT) growth rate (n) 3.0 d* occurred at the PO,
concentration 0.05 mg" (1.5 pM PO,*). Microcystis
aeruginosa required 0.8 mg™ (10-30 uM PO,¥) for a high
growth rate which is shown fig-8 in the different PO,>
concentration.
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Impacts of NH,"

The maximum growth rate (1) 3.0 d™* and Chl-a 0.71 pl)
was found at 30uM (7.8 mg") NH," and significant at
(Chl-a p < 0.01) and where MSL, GVL and RNT,
maximum growth rate (2.7 d™*) were observed at 10pM
NH," (Fig.-10).

In agreement with previous studies, our experimental
results showed that the growth of Microcystis aeruginosa
increased as the NO3- and NH4+ concentrations
increased[43,44].The current findings also demonstrated
that initially NH4+promoted slightly faster cell growth,
but that both substances behaved differently in terms of
Microcystis aeruginosa growth. Microcystis aeruginosa
can only use NO3 -after enzymatic reduction to NO2- and
NH4 + , and these enzymatic reactions consume cellular
energy and consequently have an impact on cell growth.
[42].

The results of the effect of the PO,* concentration are in
agreement with previous studies  [43], which reported
that a minimum of 0.05 mg L™ (1.5 pM PO,*? is necessary
for Microcystis aeruginosa growth, and 0.3-0.8 mg L™
(10-30 uM PO,*’ is needed for a high growth rate. Baldia
et al., [48] reported that the growth rate of Microcystis
aeruginosa increased with nitrate concentrations up to of
620 uM (8.7 mg L™) and with phoaphate concentrations
up to 7 uM (0.22 mg L. It was also indicated that
maximum growth of Microcystis aeruginosa occurred at a
relatively high nitrate concentration, but at a relatively low
phosphate concentration [42].
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As a result, Microcystis aeruginosa that uses NH4+ before
NO3- [45] may experience NO3- uptake inhibition.
Similarly, our results showed that Microcystis aeruginosa
had a lower growth rate at a nitrate concentration of 500
MM, indicating that decreased NOj absorption in the
presence of NH," seemed to hinder the growth of
Microcystis aeruginosa. However, according to Kim et al.
[42], the inhibition of NO3- uptake by NH4+ and the
preference for NH4+ uptake differ depending on
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environmental conditions and species. We observed a sim-
ilar effect for NH," concentrations below 250 pM,
suggesting that NH,” might inhibit NO; uptake at
concentrations above 250 pM. However, this effect only
occurred during the initial growth phase, and cell densities
at 4 days were similar for different nitrate concentrations.
Therefore, results suggest that the nitrate concentration has
a significant role in the growth of Microcystis aeruginosa
[42].
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Figure 8: Growth profile of Microcystis aeruginosa isolates at different NO5™ concentration A-50, B-100,C-250,D-500 uM after 5 day of

incubation.
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Figure 10: Growth profile of Microcystis aeruginosa isolates at different NH," concentration A-50 uM, B-100 uM,C-250 uM,D-500 uM
after 5 day of incubation.

Enumeration of physicochemical meteorological data
and Microcystis occurrence:

During the microscopic examination of sample, the
Microcystis aeruginosa were present large number of cells
during all seasons over period of one years. The indices
chl-a were used to characterize trends in the Microcystis
aeruginosa cells abundance in different aquatic habitats.
The water analysis from different sampling site (MTL,
LWL, SRL, HKD, HST, TKL, MPT, MSL, GVL and
RNT) from different geographical location of central
India, the identification results found the concentration of
Microcystis cells, varies in different sample contained an
average of 12 - 2.4X10° cells of Microcystis, and recorded
chl-a content. Microcystis aeruginosa populations were
commonly identified in 97.5% and the number of cells
reached a highest peak in rainy season 7.3 x 10° cells ",
similar trends in winter season 6.1 x 10° cells ™, and
significant decrease was during summer season 4.2 x 10°
cells " in the studied sites Table-2. Seasonal significant
difference was observed in rainy (p>0.05), winter (p>0.05)
and summer (p>0.05) season in Microcystis aruginosa.
The seasonally chl-a pigment concentration variation in
sampling sites as highest mean chl-a value (42.67 pg™")
was reached in rainy similarly (42.67 pg™) in winter and
the lowest chl-a mean value (22.92 pg™) was reached in
summer, Misson et al., and Agha et al.,[49] reported that
the variation of Microcystis aeruginosa density as well as
chl-a content differ significantly in all sampling sites may
be due to physical factors and biological condition.

Physicochemical and meteorological study

The abiotic factors (pH values, phosphorus, and nitrite
concentrations), which had direct effect on Microcystis
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aeruginosa cells abundance. The pH value of water
samples ranges from 6.5 to 9.3 in the study sites generally
neutral to slightly alkaline. Although pH has direct effect
on aquatic ecosystem, it shows close relationship with
chemical constituents of all sampling water. The alkalinity
of water is the important parameter indicating the tropic
status and biodiversity pattern of an aquatic ecosystem.
Seasonal variation of total alkalinity was recorded 120 mg
- maximum value during summer season and minimum 60,
89 mg" in rain and winter season respectively. Total
alkalinity ranges from 70.0 to 442.0 (mg™") in the sampling
sites (MTL, LWL, SRL, HKD, HST, TKL, MPT, MSL,
GVL and RNT). The study site receives sewage water
and drainage from 28 sewage-filled nallahs, suffers from
pollution due to drainage from sewage-filled nallahs, lack
of fresh water source, its water is not suitable for drinking
[50]. The in this lake water bodies reported presence of
Microcystis aeruginosa, due to different geographical
location of study sites pH values varies which directly
effect on Microcystis aeruginosa cells abundance [51,52].
Alkalinity level in sampling sites found to be higher than
the permissible limit (WHO: 120 mg™) in many sampling
sites, evidenced the highest value in sampling sites.
Similarlily In monsoon months, heavy rains caused higher
turbidity and so photosynthetic rate is also decreased
because reduced intensity of light causing decrease in pH
value during monsoon [53]. The water temperatures
effects the growth of Microcystis aeruginosa bloom during
study. It was observed that the water temperature varies
seasonally in selected sampling sites, the minimum water
temperature was recorded in winter season at sampling
sites (MTL, LWL, SRL, HKD, HST, TKL, MPT, MSL,
GVL and RNT), where as maximum value of 39.1 °C was

12



Int. J. Sci. Res. in Biological Sciences

registered in summer season. Similarlily the increasing in
water temperature particularly in summer can be attributed
to overall increasing trend in atmospheric temperature in
addition to exothermic chemical process of the human
activities prevail all along the lakes. The seasonal presence
of free carbon dioxide was recorded which is the
maximum as to be 5.8 mg-* at sampling sites in summer
season, whereas the minimum free carbon dioxide 1.6
mg-" which was observed in monsoon season, the natural
aquatic habitats resources, beautiful fauna and flora
including many rivers, lakes, pond, dams, pools, tanks and
waterfalls, water bodies reported presence of Microcystis
aeruginosa, due to different geographical location of study
sites water temperature varies which directly effect on
Microcystis aeruginosa cells abundance [54]. The
metabolic rate and reproductive activities of aquatic life
are greatly influenced by water temperature, which varies
with season, elevation, geographical location, and climatic
conditions. Seasonal changes for pH, turbidity, TDS [53],
and alkalinity were also considerably different. Nitrate is a
naturally occurring type of nitrogen that is present in the
soil and water. An excessive amount of it results in the
production of an algal bloom, which causes eutrophication
[55].

The electrical conductivity of water followed a seasonal
pattern in different aquatic. During monsoon the minimum
value 190.3 puS/cm was observed at sampling sites, where
as the maximum 390 uS/cm was noted at sampling sites
(MTL, LWL, SRL, HKD, HST, TKL, MPT, MSL, GVL
and RNT) in summer season, water bodies reported
presence of Microcystis aeruginosa, due to different
geographical location of study sites electrical conductivity
of water values varies which directly effect on Microcystis
aeruginosa cells abundance. The higher conductivity may
be due to the evaporation of water in summer season
similar result was noted by Reddy and Solanki and
Acharya [55]. Similarlily reported by Upadhyay et al.,
[53]. The oxygen is one of the most important constituents
needed for the metabolic process of plants and animals. In
the present investigation minimum 6.1 mg™ and maximum
12.2-16.2 mg™- was recorded in samples during summer,
rainy and winter season in all study sites (MTL, LWL,
SRL, HKD, HST, TKL, MPT, MSL, GVL and RNT)
respectively, water bodies reported presence of
Microcystis aeruginosa, due to different geographical
location of study sites. The dissolved oxygen in water
varies which is directly related to Microcystis aeruginosa
cell abundance. Similarlily the oxygen concentration
showed decreasing trend from summer onwards, low
oxygen during the peak summer may be attributed to the
temperature rise and stratification which leads to the
increased bacterial consumption of oxygen[56].

The summer sample locations showed a mean value of 8.1
mg-L for the nitrate concentration. According to the
findings of the current investigation, N2 was found in the
water at high temperatures during the rainy season at the
lowest quantity of 2.2 mg L-1. The WHO recommends a
50 mg/L nitrate level for drinking water. All of the water
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samples' nitrate readings are below acceptable limits.
Chloride levels were high in the summer and low in the
monsoon season, suggesting that the evaporation of the
water body and higher temperatures may be to blame for
the increase in chloride content. Chloride is a crucial
criterion for the detection of contamination in water
bodies. detected chlorides 496.0 mg-L on a rainy [56].

The turbidity of the water samples ranged from 0.0 to 5.0
NTU-L, while the acceptable range for turbidity values for
drinking water is between 10 NTU and 20 NTU
(WHO0,2004). Water turbidity varied from 4 NTU, which
is the lowest, to 7 NTU, which is the highest, at sampling
sites, where 12 NTU was measured in the summer. Higher
turbidity has an indirect impact on life because it allows
cyanobacterial blooms to use more light for
photosynthesis, which lowers the rate of primary
productivity [53]. According to WHO regulations, the
maximum amount of total dissolved solids (TDS) in
drinking water is 500 mg/L, but the amount measured was
1296.0 mg/L. A high TDS concentration in fresh water can
alter the taste and reduce microbial activity[55].

The meteorological data highest rainfall was observed at
study sites during the rainy season (22.15 mm), while
summer rainfall was not as noticeable (0.17 mm).
According to statistical analysis, rainfall was positively
correlated with the density of Microcystis aeruginosa cells.
In the rainy and winter seasons, there was a positive
correlation between the amount of light and the density of
Microcystis aeruginosa cells. The results of the study show
that the concentration of Microcystis aeruginosa cells was
correlated with nutrient-related variables, such as
chlorophyll-a, population dynamics of Microcystis
aeruginosa, nutrient levels, rainfall (positive correlations),
and irradiance (negative correlation) in the summer, the
variation of meteorological data in study sites due to
different geographical location of study sites, which
directly affect on Microcystis aerugi Major blooms are
likely to happen after the rainy season [55,52]. Although
this study was conducted in 30 water bodies of central
Indian aquatic habitats, the results reinforce similar studies
in other environments globally and support the present
knowledge of potentially-toxic Microcystis aeruginosa
distribution in tropical environments [57].

Influence of environmental and physiochemical factors
on Microcystis aeruginosa

The principal component analysis (PCA) of study sites of
different sampling station Bhopal, Ujjain, Tikamgarh,
Gwalior and Rewa, included the biological variables are
microcystin, chl-a and environmental variables are
conductivity, total dissolved solid, total alakality, water
temperature, dissolved oxygen, turbidity, rain fall, light
irradiance, Phosphate, nitrate, pH, CO,, chloride, the PCA
results of the different geographical location of study sites
of central India are following.

The first component of the analysis (inertia value = 31.0%)
between variables related to rain and nutrients on the one
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hand, and variables related to water temperature and light
on the other, was determined using the PCA findings of
the study sites LWL, SRL, and LDT. Conductivity and pH
were in opposition on the second PCA component (inertia
value = 18%), with pH on one side of the axis and
temperature on the other. The PCA's second component
was primarily related with the other side concentrations of
Microcystis and chl-a, but in the other direction,
suggesting that alakality and water temperature interact
negatively. This placement along the second axis of the
PCA further implies that microcystin concentration is
adversely correlated with nutritional factors and water
quality.

Results from the PCA analysis of the research site MPT
(Marajapura Tal) showed that there was a significant
inertia (inertia value = 35.0%) between variables related to
rain and nutrients on the one hand, and variables related to
water temperature and light on the other. Conductivity and
DO, pH were in opposition on the second PCA component
(inertia value = 10%), with conductivity on one side of the
axis and DO, pH on the other. This shows that the
concentration of Microcystis, chl-a, and nutrient loading in
the MPT sample were primarily linked with the second
PCA component, but in the opposite direction, which
suggests adverse interactions with water temperature and
alkalinity. This placement along the second axis of the
PCA further shows that microcystin concentration
isOverall the PCA results indicated that the biological and
environmental variable observed in study sites MTL,
LWL, SRL, HKD, MPT, MSL, HST, RNT, GVL and
TKL, the nutrients and temperature variation was much
higher which was link between nutrients which directly
influence the microcystin  production study sites MPT,
GVL and TKL. As a result, the findings indicate a
significant risk to humans and animals using recreational
waters, which may increase in the future due to predicted
changes in climatic change, specifically temperature and
rainfall patterns [52]. The physicochemical parameters
influence Microcystis dominance in high nutrient load
conditions, and the elevated turbidities that probably
occurred following the heavy rainfall in winter coincident
with lower temperatures could have contributed to the
microcystin production in study site MPT, RNT and TKL.
The effects of climatic changes on Microcystis
concentration variation in aquatic habitats as a result of
extreme rain events and environmental conditions may
have implications for the dominance of potentially toxic
Microcystis blooms in the study sites. Similar findings
revealed that the influence of rain fall and light irradiance
was highly significant for the growth of Microcystis
aeruginosa and microcystin production at moderate light
conditions and low temperatures [57]. Torres et al.,
reported on the effect of light on the abundance of
Microcystis aeruginosa during winter, which might favour
the growth of freshwater ecosystems . The data obtained
from this study would fit with the well-established notion
that Microcystis aeruginosa growth rates and thus bloom
occurrence are more widespread during periods when light
intensities and water temperatures are higher [58] and
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agree with the common occurrence of Microcystis
aeruginosa blooms in late summer. Other previous studies
have concluded that the summer months are dominated by
Microcystis aeruginosa succeeding in late summer,
autumn, and early winter. Temperature may well influence
not just bloom dynamics, but also the preferred production
of the toxic fraction of any given cyanobacterial
population [22]. While there may be evidence for such a
relationship in Microcystis sp., there is contradictory
evidence in aquatic organisms showing an inverse
relationship between temperature and toxin production
[57].

IV. CONCLUSION

In order to improve our understanding of the factors
influencing the distribution and abundance of
microorganisms in nature, our discoveries underscore the
necessity for improved linkage between sequence and
environmental data. Predicting when and where aquatic
microorganisms, including Microcystis, will live and
bloom is essential in order to facilitate the design of
affordable monitoring systems and management strategies
to reduce human and environmental exposure as the
Earth's climate, population, water-, and land-use rapidly
change. The different nutrients media BG-11, BG-12 and
Hughes were used for optimization of growth of
Microcystis aeruginosa experimental results found that the
BG-12 liquid culture medium was selected as the best
culture medium suitable for the culturing of Microcystis
aeruginosa isolates MPT, MSL, HST, GVL, RNT, and
TKL, because of the media differ in nutrients
concentration, presence or absence of vitamins and
micronutrients, BG-11 and BG-12 medium consists
highest concentration of Na* and K* but Hughes medium
there is moderate concentration of Na* and K* source
therefore, growth of isolates more in BG-11 and BG-12
medium than Hughes media, appropriate Ka*, Na+ ions
required in the cytoplasm of Microcystis aeruginosa for
optimum growth, high Na+ and ammonia for nucleic acid
synthesis. Physicochemical study results found that
toxigenic Microcystis aeruginosa more abundance in
higher nutrients (Nitrate and Phosphorus) load and
physiological factors pH, light and temperature variation
in study sites from different geographical location of
central India. Microcystin toxin concentrations in all study
sites comparatively not higher than guideline
recommended by the World Health Organization i.e. 1ug
. However, because backpacking and camping are
common in the study areas from different geographical
location of central India, lakes possibly could be used as
drinking-water sources. The release of microcystin
bioactive compound during stress condition of Microcystis
aeruginosa, the microcystin identified in laboratory
condition in different media and natural condition in
different geographical distribution suggesting that
microcystin identified application of pharmacological
significance may be emerging as anticancer therapeutics.
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