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Preface

Microalgae are the most primitive and simply organized members of plant
kingdom. They are known to produce a wide range of primary and secondary
metabolites including proteins, lipids, carbohydrates, carotenoids, vitamins,
violaxanthin, leutin and other biologically active compounds with pharmaceutical
properties. So, the present study was aimed to identify the algal species available in
Tamdil Wetland of Mizoram, and to screen their bioactivities against different groups
of organisms including algae, bacteria and fungi. Identification of secondary
metabolites in the microalgal extracts is another objective for the study.
The present thesis is divided into four chapters. The Chapter 1 describes
‘Introduction’ which includes description of algae, culture techniques and
requirements, followed by synthesis of secondary metabolites and their role in
bioactivities. The next chapter, Chapter 2 discusses ‘Materials and Methodology’.
Methods of sample collection, isolation, identification and culture maintenance are
given in brief. The physiological profiles, quantitative and qualitative determination
of primary and secondary metabolites were studied for the selected microalgae.
Further extraction of microalgae, test for bioactivities and detection of compounds
from the extracts of microalgae were also estimated by different methods.
Observations of the above experiments are interpreted in the Chapter 3 as ‘Results’.
The test microalgae showed antibacterial, antifungal, antialgal and anticyanobacterial
activities. GC-MS analysis has detected several compounds in the extracts of Nostoc
spongiaeforme, Lyngbya mucicola and Fischerella ambigua. The Chapter 4 includes
‘Discussion’ which describes our observations in comparison with the previous
reports. Further research are required to isolate the metabolites from the extract, and
study the molecular mechanisms of their action on bacteria, fungi and other
pathogens. A list of papers cited in the text is given at the end as ‘Reference’.
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B. subtilis

Bacillus subtilis

Bangia sp.

-
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Candida albicans

C. beticola

Cercospora beticola

C. brevissima

Calothrix brevissima
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Cryptocodium cohnii
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C. nivalis

Chlamydomonas nivalis

C. pilulifera
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C. pyrenoidosa

Chlorella pyrenoidosa
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Calothrix sp.

-

Candida sp.

-

Chaetomorpha sp.

-

Chlamydomonas sp.

-

Chlorella sp.

-
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-
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-

D. baueriana
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-

Desmococcus sp.

-

Dunaliella sp.

-

E. acoroides
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E. virus
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Ectocarpus sp.

-
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-
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F. oxysporium
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-

Fragilaria sp.

-
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-
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-

L. bouillonii

Lyngbya bouillonii

L. confervoides

Lyngbya confervoides

L. majuscule

Lyngbya majuscule

L. martensiana

Lyngbya martensiana

L. mucicola
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-
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-
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N. insulare
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N. muscorum
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N. spongiaeforme
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-
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-
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-

Nostoc sp.

-
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-

P. aeruginosa

Pseudomonas aeruginosa
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P. cruentum
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P. virus
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-
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-
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-
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-
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-

Pylaiella sp.

-
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Rivularia firma
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S. hofmanni

Scytonema hofmanni

S. marcescens

Serratia marcescens
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S. platensis
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-
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-

Staphylococcus sp.

-
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-
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-
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-
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-
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W. sacata

Wollea saccata
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CHAPTER 1

INTRODUCTION

1.1

Algae

Algae are simple microscopic or macroscopic, oxygen-evolving photosynthetic,
autotrophic, unicellular or colonial or constructed of filaments or composed of simple
tissue. Algae grow in abundance in rivers, ponds, lakes, streams, pools, sea waters and
in wastewater streams from a variety of wastewater sources (e.g., agricultural run-off,
concentrated animal feed operations, and industrial and municipal wastewaters).
Some species can grow on rocks, soils, plants, etc. as long as there are adequate
amounts of C (organic or inorganic carbon), N (ammonium, nitrate, urea, yeast
extract, etc.), and P as well as other essential trace elements presented. Some species
of algae form symbiotic relationships with other organisms. They may occur as
epiphytes on higher plants, or on other algae.
According

to

online

taxonomic

database-

AlgaeBase

(http://www.algaebase.org), there are 72,500 algal species out of which 44,000
species are named and described. There are 6,212 species of green algae listed in
AlgaeBase database under the phylum Chlorophyta of which 3,490 species are
included in class Chlorophyceae (green algae). As per the database CyanoDB (http://
www.cyanodb.cz), the extensive taxonomic database of cyanobacteria, there are about
5,000 described and 3,000 undescribed species of cyanobacteria. Algae are extremely
diverse and represent a major untapped resource of valuable bioactive compounds and

biochemicals such as fats, oils, sugars, pigments, antioxidants, polysaccharides,
sterols, fatty acids, vitamins and functional bioactive compounds (Guil-Guerreru et
al., 2004).

1.2

Importance of algae

Because of their photosynthetic activities, algae are primary producers of aquatic
ecosystems. Algae are more efficient in utilizing sunlight energy than terrestrial
plants, consume harmful pollutants, have minimal resource requirements and do not
compete with food or agriculture for precious natural resources (Brennan et al., 2010).
Owing to their diverse chemical properties, algae can act as a nutritional
supplement or represent a source of natural food colorants. Arthrospira sp. is used in
human nutrition because of its high protein content and its excellent nutritive value
(Rangel-Yagui et al., 2004; Soletto et al., 2005). Chlorella sp. can also be used as a
food additive owing to the taste and flavour adjusting actions of its colouring agent
(Yamaguchi, 1997). A green alga D. salina is extensively used for β-carotene that can
reach 14% of dry weight (Metting, 1996).
Algae like Chondrus crispus contain hydrocolloids, called carrageenan,
which are used in a variety of ways as food stabilizers and thickening agent in icecreams and prepared foods. The hydrophilic derivatives of alginic acid, collectively
called algins, have uses similar to those of red algal hydrocolloids. Kelps are
important source of K and is used as fertilizer (Bold and Wynne, 1978). Members of
brown algae are known for the extraction of iodine. Many of the nitrogen fixing bluegreen algae like Nostoc sp., Anabaena sp., Aulosira sp., Lyngbya sp. etc, fix
atmospheric nitrogen and increase the soil fertility. Microalgae have the capability of
producing biofuels as well as treating municipal wastewaters.
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1.3
i.

Taxonomic position of algae

Blue green algae (Cyanophyceae)

Blue green algae (Cyanobacteria) are widely – occurring throughout freshwater
environments, ranging in size from unicellular forms such as Synechococcus sp. to
large colonial forms such as Microcystis sp. and filamentous Anabaena sp. They are
thought to have arisen approximately 3.5 billion years ago (Schopf, 1993). As a result
of long evolutionary history, cyanobacteria are well adapted to almost all types of
environments – including extreme conditions. They are found in different forms like,
microbial mats, freshwater blooms, picoplankton and symbionts (Rai et al., 2000).
ii.

Green algae (Chlorophyceae)

The members of green algae are distributed in different types of habitats such as sea,
freshwater and terrestrial. In the freshwater environment, green algae (Chlorophyta)
range in size from microscopic unicellular organisms to large globular colonies and
extensive filamentous growths. However, in green seaweeds, there is a great range of
variation in forms like thin filaments, either branched (Cladophora sp.) or unbranched
(Chaetomorpha sp.) and typical cells of Ulva (Lewis and McCourt, 2004).
They are characterized by a fresh green coloration due to the presence of
chlorophylls - a and b, which are not obscured by accessory pigments such as βcarotene and other carotenoids. In exceptional cases, the carotenoid pigments may
occur in large amounts, obscuring the chlorophyll (e.g. Haematococcus sp., C.
nivalis) and giving the algae a bright red colour. Green algae are well known for their
fast growth rate and high capacity of nutrient uptake (Stam et al., 2006).
iii.

Red algae (Rhodophyceae)
As listed in AlgaeBase database, there are over 7,000 species of red algae classified
under the class Rhodophyceae. The red algae show a great range of variation in their
3

morphology. The simplest forms consist of single cells (Porphyridium sp.) or thin
filaments (Bangia sp.). Other forms like expanded blades (Delesseri sp.) and branched
plant-like shape and look like small bushes or trees (Chondrus sp.) are also found. A
distinctive feature of this group is that they are the only seaweeds lacking flagella at
any stage of their life cycle (Maggs et al., 2007). Their colour ranges from pink to
bright red, purple or sometimes dark brown, is due to the presence of pigments called
phycobilins.
iv.

Brown algae (Phaeophyceae)

The brown algae are represented by about 2,054 species (AlgaeBase) divided into 18
orders. They are distributed in seawater and mostly abundant in cold seas. They
possess pigment fucoxanthin. The largest known algae kelps, are the species of brown
seaweeds; they belong to the order Laminariales. Filamentous branched form of
brown seaweeds (Ectocarpus sp. and Pylaiella sp.) grows on rock or on larger
seaweeds in the intertidal zone of many regions of the world. Most brown algae,
however, have a bigger size and look like branched ribbons, bushes or small trees.
v.

Diatoms (Bacillariophyceae)

Diatoms, unicellular algae, originated at the early Jurassic period (Kooistra and
Medlin, 1996). The size of diatoms generally ranges from 2 to 200 µ (Grethe et al.,
1996) and the shape of the cell is typically circular, some cells may be triangular,
square, or elliptical. This group of algae are found in oceans, freshwater, soil and on
damp surfaces (Andrew and Toby, 2003). They can form colonies in different shape
like filaments or ribbons (Fragilaria sp.), fans (Meridion sp.), zigzags (Tabellaria
sp.), or stars (Asterionella sp). A unique feature of diatom cells is that they are
enclosed within a cell wall made of silica called frustules. Diatoms are used as tool for
monitoring environmental conditions and also useful in studies of water quality.
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1.4

Cultivation of algae

There are three main cultivation systems of microalgae - (i) open culture system, (ii)
closed culture system, and (iii) immobilized system.
i.

Open culture system

Open system of cultivation is a low cost method and can be done at large scale. Open
system cultivation is carried out in natural or artificial lake and ponds. There are many
types of ponds that had been designed and tested. The three major designs are
raceway ponds, inclined system and circular ponds.
Although the open system is cost effective, it has some disadvantages like
requirement of large land area. Most often the water level of pond is affected by
evaporation and rainfall. Besides that, biomass productivity is limited by
contamination with unwanted algal species and organism that feed on algae.
ii.

Closed culture system: photo-bioreactor

Closed photo-bioreactors can be grouped into two major classes: covered raceways
and tubular reactors (Richmond, 1990). Basically, these reactors are a closed system
consisting of a clear tube within which the algae grow. The algae are circulated by
means of a pump, and the system also has a gas exchange unit where CO2 can be
added and O2 is stripped from the medium.
Closed photo-bioreactors usually have better light penetrating characteristics
to open ponds; sustain high biomass and productivity with less retention time
(Borowitzka, 1998). However, since they are more technically complicated, often
need expert personnel and require more energy than open systems; the operating cost
is higher (Pushparaj et al., 1997).
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iii.

Immobilized systems
Immobilized systems include the entrapment of microalgae in a solid medium to
prevent mobility of individuals. The algae-medium mixture is often shaped as beads,
but it can even cover screens or surfaces. Immobilized system has been tested for
wastewater treatments including removal of nutrients and toxic heavy metals
(Chevalier and de la Nooe, 1985).

1.5
i.

Algal growth requirements

Carbon

Carbon, as carbon dioxide, is one of the important sources for microalgae for growth
in autotrophic mode of cultivation. It would be organic carbon source for
heterotrophic and mixotrophic mode of cultivation. Heterotrophic algal cultivation
provides higher algal biomass productivity and higher cellular oil content (Xu et al.,
2006; Li et al., 2007; Liang et al., 2009)
Many microalgal species are able to utilize carbonates such as Na2CO3 and
NaHCO3 for cell growth (Wang et al., 2008). In several algal species (e.g. Chlorella
sp. and Scenedesmus sp.) the mode of carbon nutrition can be shifted from autotrophy
to heterotrophy when the carbon source is changed (Becker, 1994).
ii.

Nitrogen

Nitrogen is a key constituent of many cellular components such as alkaloids, amides,
amino acids, proteins, DNA, RNA, enzymes, vitamins, and hormone, accounting for 1
to 10% of total algal biomass (dry weight) (Richmond, 2004; Perez-Garcia, 2011).
Most of microalgae species are capable of utilizing a variety of nitrogen sources
including organic nitrogen (urea, glycine, glutamine, peptone, yeast extract) and
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inorganic nitrogen (ammonia, nitrate, and nitrite) (Richmond, 2004; Perez-Garcia,
2011).
Among the different nitrogen forms, ammonium is the most preferred form of
nitrogen source for the microalgae (Li et al., 2010). In general, ammonium is
transported across the membranes by a group of proteins belonging to ammonium
transporter family (AMT). The glutamine synthetase (GS) and glutamate synthase
(GOGAT) catalyze the assimilation of ammonium under both autotrophic and
heterotrophic culture modes, and at same time producing glutamine, glutamate and αketoglutarate, respectively (Kaplan et al., 1986; Lu et al., 2005). In general, the
GS/GOGAT pathway is regarded as the main pathway for ammonium assimilation in
microalgae.
With regard to nitrate and nitrite metabolism, nitrate reductase (NR) and nitrite
reductase (NiR) catalyze nitrate to ammonium (Fernandez and Galvan, 2007). Firstly,
NR catalyzes the reduction of nitrate to nitrite, using reduced pyridine nucleotides as
physiological electron donors. Subsequently, NiR catalyzes nitrite to ammonium. It is
worth noting that, for most microalgae, NR is actively expressed in cells when
supplied with nitrate as the sole nitrogen source while it is fully repressed in cells
when culture media contains excess ammonium or both of ammonium and nitrate
(Sherman and Funkhouser, 1989; Cannons and Pendleton, 1994).
iii.

Phosphorous
Phosphorous, representing around 1%-3% of microalgae (dry weight), is another
major macronutrient that plays an important role in cellular metabolic processes such
as energy transfer, biosynthesis of nucleic acids, DNA and forms many structural and
functional components required for growth and development (Richmond, 2004).
Orthophosphate is incorporated into organic components through the phosphorylation
7

processes. Microalgae grown in phosphorous-rich wastewaters exhibit the capability
of luxury uptake of phosphorous stored in polyphosphate bodies.
The ratio of N: P ration plays an important role in N and P removal in algaebased wastewater treatment systems. The ratio of N: P ration not only determines the
potential productivity but also is important in maintaining the dominance of candidate
phytoplankton species in culture (Richmond, 2004). A range of approximately 6.8-10
is considered as the optimal N: P ratio for algae growth. A ratio of N: P much higher
than the optimal ratio indicates phosphorus limitation; while N: P ratio much lower
than the optimal ratio indicates nitrogen limitation (Olguín, 2012).
iv.

Light

Microalgae perform oxygenic photosynthesis; however, some algae are able to grow
in the dark using simple organic compounds as energy and carbon source. It was
reported that in outdoor ponds, more than 90 % of the total incident solar energy can
be converted into heat and less than 10 % into chemical energy (Oswald,1988). It
was also reported that the conversion efficiency of sunlight energy into chemical
energy is of only 2 % (Fontes et al., 1987).
Light conditions (duration and intensity) affect directly the growth and
photosynthesis of microalgae.

Microalgae

needs a

light/dark regime

for

photosynthesis, it needs light for a photochemical phase to produce ATP and NADPH
(Cheirsilp and Torpee, 2012). However, it is foremost important to reach light for
algae in mass culture production like raceway pond and algal pond. There are several
strategies used by microalgae to remain near the water surface in order to catch
sufficient light. These strategies aim to decrease the specific gravity and thereby
minimize the sinking rate (Fogg, 1975). Moreover, in dense cultures the algae
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themselves can reduce the light availability due to internal shading (Borowitzka,
1998).
v.

Temperature

Increased temperature increases the growth of algae up to certain range, after that
‘critical temperature’ growth is ceased (Ras et al., 2013). The optimal temperature for
phytoplankton cultures is generally between 20 and 24°C. The temperature may vary
with the composition of the culture medium, the species and algal strain. Most of
microalgae tolerate temperature between 16 and 27°C (Laura and Paolo, 2006).
Temperature influences the metabolic process such as photosynthesis, respiration,
membrane permeability and uptake of ions (Soeder and Stengel, 1974).
vi.

pH

The pH range for most cultured algal species is between 7 and 9, with the optimum
range being 8.2-8.7. In microalgae cultivation, pH value usually increases because of
the photosynthetic CO2 assimilation. pH affects the availability of inorganic carbon
(Azov, 1982). Absorption of nitrogen by microalgae also increases the pH of the
medium (Xu et al., 2012). Higher pH value may cause precipitation of phosphate in
the medium.

vii.

Pollutants and inhibitors
Many substances like heavy metals, herbicides, pesticides, substances in detergents,
some microbes, household cleaning products and personal care products etc, also
cause the decrease in growth as well as photosynthetic efficiency of microalgae.
Higher concentrations of ammonia act inhibitory on algal growth at higher pH and
temperatures (Abeliovich and Azov, 1976). Some algae produce substances toxic to
themselves (auto inhibition) in the course of their metabolism. Some algal species
inhibit the growth of others in mixed culture, e.g., some cyanobacteria can produce
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inhibitory substances against the growth of eukaryotic algae and some eukaryotic
algae can produce antibacterial substances.
viii.

Other factors

Appropriate mixing of culture, dilution rate, depth of the microalgae in water column,
distance between algae and light source, addition of bicarbonate for the optimum pH
adjustment, harvesting frequency are all very crucial parameters affecting the growth
and algal biomass production.

1.6

Secondary metabolites and compounds in microalgae

Algae produce a wide variety of secondary metabolites and compounds that have
evolved as a defence mechanism against herbivores and microbes. Table 1.1 shows
the secondary metabolites and compounds reported in freshwater microalgae.
Secondary metabolites are divided into two main groups:
(a) Nitrogen-containing secondary metabolites: alkaloids, amines, non-protein
amino acids, cyanogenic glycosides, glucosinolates, lectins, peptides and
polypeptides are the main compounds in this group (Wink, 1999a).
(b) Nitrogen-free secondary metabolites: terpenes (terpenoids/ isoprenoids),
phenylpropanoids, flavonoids, polyketides, polyacetylene, lignins, steroids
and saponins are the main compounds in this group.
Aliphatic mono- and diamines, polyamines, aromatic amines and amine
conjugates are widely distributed secondary metabolites in plants including algae
(Rosenthal and Berenbaurn, 1991; Dey and Harborne, 1997).
Metabolites like lipopeptides, amino acids, fatty acids, macrolides and amides
are abundant in cyanobacteria. Nodularins and Microcystin are cyclic pentapeptides
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and comprise another type of secondary metabolites under the class of hepatotoxins
produced by bloom-forming heterocystous cyanobacteria Nodularia sp. (Jonasson et
al., 2008) and cyanobacteria, such as Microcystis sp. and Planktothrix sp. (Rinehart et
al., 1988; Yoshizawa et al., 1990).
The large majority of terpenoids occur in both the marine and freshwater
algae. Among the secondary metabolites isolated from marine algae, about 60% are
terpenes (Van Alstyne and Paul, 1988). Main terpenoids include monoterpenes,
sesquiterpenes, diterpenes, triterpenes, steroids, tetraterpenes and polyterpenes.
Terpenes, steroids, carotenoids, prenylated quinines, hydroquinones constitute the
isoprenoid class which is derived from mevalonate pathway or mevolonateindependent pathway (Stratmann et al., 1992). Terpenoids/ isoprenoids are abundant
in higher plant groups such as, Asteraceae, Apiaceae, Lamiaceae, Rutaceae,
Lauraceae, Cupressaceae, Pinaceae, Myrtaceae and Zingiberaceae.
Sterols are also one of the most important chemical constituents of microalgae
(Ponomarenko et al., 2004). Of all the sterol compounds, cholesterol is the most
abundant and ubiquitous one, which is due to having a variety of sources (Froehner et
al., 2008).
Polyketides are structurally and functionally diverse natural products in
microorganisms and plants. The second largest class of compounds reported from
algae is the polyketides. Polyketides are polymer of acetate (C2) and occasionally
propionate (C3). Polyketides like anthraquinones, quinines and flavonoids are
common in certain genera of Polygonaceae, Rhamnaceae, Fabaceae, Rubiaceae,
Hypericaceae and Aloes (Harborne, 1993; Wink, 1999a; Dewick, 2002). Polyketides
erythromycin is obtained from actinomycete S. erythraea and cholesterol-lowering
polyketide lovastatin is obtained from A. terreus.
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Table 1.1: Secondary metabolites and compounds reported in freshwater microalgae.
Microalgae

Secondary Metabolites

References

A. laxa

Lipopeptides

Frankmolle et al., 1992

Calothrix sp.

Indol phenanthridines

Rickards et al., 1999

D. baueriana

Beta-Carboline

Larsen et al., 1994

E. sanguinea

Alkaloids

Zimba et al., 2010

S. varium

Proteins

Bokesch et al., 2003

Fischerella sp.

Alkaloids

Becher et al., 2007

F. ambigua

Nanodecane

Present study

2,4,6-Tris-(1-phenylethyl)-

Present study

phenol
F. ambigua

Hexanedioic acid

Present study

M. aeruginosa

Peptides

Ishida

and

Murakami,

2000
Lyngbya sp.

Cyclic peptides, Chrysanin, Berry

L. mucicola

n-Hexadecanoic acid

Present study

L. mucicola

9-Octadecenoic acid

Present study

N. commune

Lipopeptides

Kajiyama et al., 1998

N. spongiaeforme

Phytol

Present study

N. spongiaeforme

n-Hexadecanoic acid

Present study

N. spongiaeforme

Vit E

Present study

S. hofmanni

Aromatic lactones

Mason et al., 1982

H. pluvialis

Fatty acids

Rodríguez-Meizoso et al.,

et

al.,

2004;

2010
O. redeki

Fatty acids

Mundt et al., 2003

S. varians

Tannins

Cannel et al., 1988

Alkaloids are amino acid-derived natural products and represent a large and
diverse class of secondary metabolites containing heterocyclic nitrogen. Within the
plant kingdom they occur in primitive group such as Lycopodium sp. and Equisetum
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sp. in gymnosperm and most abundantly in angiosperm (Harborne, 1993; Wink,
1999b). Alkaloids are detected in green algae (C. vulgaris) as well as cyanobacteria
(S. platensis, Oscillatoria sp., N. muscorum, N. humifusum, A. flos aquae, A. oryzae,
and P. fragile) (Mostafa, 2012).

Nonribosomal peptides are amino-acid-derived natural products. A number of
smaller polypeptides are found in a species specific manner. These small peptides are
not produced by the translational biochemistry of the ribosomes, rather they are
synthesized by the group of enzymes nonribosomal peptide synthases (NRPS).
Several NRPS products have been isolated from cyanobacteria and microalgae

1.7

Biosynthesis of secondary metabolites and compounds

Most of secondary metabolites are synthesized by ribosomal pathways or by
nonribosomal pathways. Examples of enzymes involved in the non-ribosomal
pathways are nonribosomal peptide synthetase (NRPS), polyketides synthases (PKS)
or hybrid systems of both NRPS/PKS. The NRPSs and PKSs are multifunction
modular enzymes involved in the synthesis of nonribosomal peptides and polyketides
(Cane et al., 1998; Cane and Walsh, 1999 ). Apart from non-ribosomal peptides and
polyketides, ribosomally synthesized and post-translationally modified peptides
(RiPPs) are one of the leading groups of bioactive compounds produced by
cyanobacteria.
‘Cyanobactins’ is a class of ribosomally synthesized peptides with posttranslational modifications (RiPPs). Cyanobactins are generally defined as
ribosomally synthesized, N-C macrocyclic peptides produced by cyanobacteria
(Donia et al., 2010). These compounds can be produced by distinct cyanobacteria
13

strains through a pathway assigned as post-ribosomal peptide synthesis (PRPS)
(Arnison, 2013). The current knowledge and developments on Cyanobactins are
reviewed by Martins and Vasconcelos (2015).
Plate 1.1 shows the origin of biosynthesis of major classes of secondary
metabolites and natural products.

Following are the major pathways of secondary

metabolism:
i.

Polyketide pathway
In this pathway, acetyl CoA is the starting material. The initial step consists of the

usual addition of 3-malonyl-CoA to either acetyl-CoA or other suitable acyl-CoA
which results into the formation of a linear tetraketide backbone. These structures can
cyclise via an orsellinic acid- type mechanism through hydrolysis of the thioester
grouping, via a claisen condensation or by phloracetophenone-type mechanism (Plate
1.2A). These pathways produce fatty acids, phenols, quinines and prostaglandins
(Romagni, 2009).
ii.

Shikimic acid pathway

The shikimic acid pathway converts simple carbohydrate precursors derived from
glycolysis and the pentose phosphate pathway to the aromatic amino acids showing in
Plate 1.2B. In general metabolism of plants, acetate occupies a central position.
Condensation of acetate occurs in many possible routes which give rise to variety of
aromatic compounds. Acetic acid is the starting unit in the biosynthesis of a wide
variety of straight chain and aromatic natural compounds (Gleason and Chollet,
2011).
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1.8

Algae as source of nutrients and pharmaceuticals

Microalgae produce various therapeutically effective compounds that can be obtained
from the biomass or released extracellularly into the medium (Bhagavathy et al.,
2011). These microorganisms contain proteins, polysaccharides, lipids, vitamins,
enzymes, sterols, and other high-value compounds with pharmaceutical and
nutritional importance (Priyadarshani and Rath, 2012).
Microalgae are excellent sources of polyunsaturated fatty acids such as γlinolinic acid, arachidonic acid, eicosapentaenoic acid and docosahexaenoic acid.
Many microalgae synthesize vitamins such as pro-vitamin A (β- carotene), vitamin
B12, B6, biotin etc. D. salina has been demonstrated as the best natural source of βcarotene and is grown commercially as a source of β-carotene for use as a dietary
supplement and a natural food colouring (Borowitzka, 1995). Commercially
microalgal derived products include docosahexaenoic acid (DHA) from C. cohnii,
beta-carotene from D. salina, zeaxanthin from P. cruentum and astaxanthin from H.
pluvialis (Hèdoin et al., 2006).
Analysis of methanol extracts of eleven green algae belonging to the phyla
Volvocophyta, Chlorophyta and Charophyta showed presence of D-norandrostane-16carboxylic acid, β-sitosterol and trans-phytol (Ghazala et al., 2005).
A number of cyanobacteria produce the pigment, scytonemin in their sheath.
This pigment has been found to act as an ultra-violet sunscreen (Volk, 2005).
Recent research and developments in therapeutic applications of cyanobacteria
and algae are reviewed by de Jesus Raposo et al. (2015); de Morais et al. (2015) and
Raja et al. (2015).
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1.9

Antimicrobial activities

The antimicrobial activity of microalgae is due to the ability to synthesize compounds
such as fatty acids, acrylic acids, halogenated aliphatic compounds, terpenoids,
sterols, sulphur-containing heterocyclic compounds, carbohydrates, acetogenins and
phenols (Prakash et al., 2011).
List of microalgae reported to show antimicrobial activities are summarized in
Table 1.2.
i.

Antialgal compounds

The algicidal substances, norharmane (9H-pyrido (3,4-b) indole) and 4,4'dihydroxybiphenyl have detected in culture medium extracts from N. harveyana and
N. insulare. Freshwater cyanobacterium N. spongiaeforme TISTR 8169 synthesizes
nostocine A, into medium. Nostocine A has growth inhibitory activity to green algae
(Hirata et al., 2003).

ii.

Antibacterial
Chlorophycean

members

such

as

Chlorella

sp.,

Scenedesmus

sp.,

and

Chlamydomonas sp. produce antimicrobial substances (Kellam and Walker, 1989;
Ördög et al., 2004; Ghasemi et al., 2007). Antimicrobial activity of H. pluvialis was
reported by Rodríguez-Meizoso et al. (2010) and Santoyo et al. (2009). Cells extracts
of Desmococcus sp., Chlorella sp. and Scenedesmus sp. recorded high antimicrobial
activity against both Gram-positive and Gram-negative bacteria in an initial screening
of nearly two hundred microalgal strains (Ördög et al., 2004). C. vulgaris extracts
have been reported as inhibitory to B. subtilis and S. aureus (Chu et al., 2004).
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Table 1.2: Antimicrobial activity in freshwater microalgae.
Species

Activity

Bioactive

References

compounds
Algicidal

Spiroidesin

Kaya et al., 2002

D. baueriana Antiviral

β-Carboline

Larsen et al., 1994

A. spiroides

O. capillare

Antibacterial Labdane diterpenoid

Pérez-Gutiérrez, 2006

F. ambigua

Antiviral

Ambigol A

Falch et al., 1993

U. fasciata

Algicidal

Polyunsaturated fatty Alamsjah et al., 2007
acid

Antifungal

H.

Indole alkaloid

Stratmann et al., 1994

welwitschii
M. lacustris

Antibacterial Diterpenoid

Pérez-Gutiérrez et al.,
2008

N. insulare

Algicidal

4-4’-

Volk, 2005

Dihydroxybiphenyl
Nostoc

sp. Anticyanoba

Nostocyclamide

Barbaras et al., 2008
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cterial

O. redeki

Antibacterial α-Dimorphecolic acid

Mundt et al., 2003

S. mirabile

Antifungal

Tolytoxin

Carmeli et al., 1990

C.

Antiviral

Sulphated

Plaza et al., 2009

polysaccharide

pyrenoidosa
Microcystis

Antibacterial Aeruginazole A

Ravel

and

Carmeli

2010

sp.
C. pilulifera

Algicidal

5,8,11,14,17-

Oh et al., 2010

eicosapentaenoic acid
W. prolifica

Antifungal

Ambiguine isonitrile- Smitka et al., 1992
D

The aqueous and ethanol extracts of the blue green algae A. circinalis
exhibited antibacterial activity against S. marcescens and E. coli. Also, N. commune
has found significant inhibitory activity against E. coli, S. marcescens and B. cereus.
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N. muscorum has wide range of activity on Gram positive bacteria (S. aureus, M.
luteus and B. cereus) and Gram negative bacteria (P. aeruginosa, K. pneumonia and
S. marcescens) (Shaieb et al., 2014).
Antimicrobial activities of microalgae against human pathogens, such as P.
aeruginosa, S. aureus and S. epidermidis have been attributed to fatty acids ߛlinolenic acid, eicosapentaenoic acid, hexadecatrienoic acid, docosahexaenoic acid,
palmitoleic acid, lauric acid, oleic acid, lactic acid, and arachidonic acid (Amaro et
al., 2011). Microalgal fatty acids interfere with bacterial growth mainly by membrane
damage that may leads to loss of internal substances from the cell, and entry of
harmful components in to the cell.
iii.

Antifungal
Invasive fungal infections caused by Candida sp. and Aspergillus sp. are common,
especially in immune-compromised patients. The increase of antifungal resistance
indicates an urgent need for new antifungal compounds (WHO: Antifungal drug
resistance, 2014).
Several algae and cyanobacteria have been studied for the fungicidal activities
(Hewedy et al., 2000). Hussien et al. (2009) studied the antifungal activity in A. flos
aquae, A. oryzae, C. vulgaris, N. muscorum, N. humifusu, Oscillatoria sp., P. fragile,
S. platensis and W. saccata against pathogenic fungi C. beticola. Acetone extracts of
P. corium, methanol extract of L. martensiana and diethyl ether extract of M.
aeruginosa possessed high inhibitory activity against fungal strains (Madhumathi et
al., 2011). Tuney et al. (2006) studied in vitro antimicrobial activities of methanol,
acetone, diethyl ether and ethanol extracts of eleven seaweeds species from the Coast
of Urla against Candida sp.

Antifungal activity of extracts of A. solitaria, C.
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brevissima, Nodularia sp., N. commune and O. tenuis against seven fungal strains was
reported by Kim (2006).
Antifungal

compounds

such

as

fischerellin

A,

hapalindole,

hassallidin/balticidins, carazostatin, phytoalexin, tolytoxin, scytophycin, toyocamycin,
tjipanazole, nostocyclamide, nostodione and nostofungicidine have been detected in
cyanobacterial extracts (Kajiyama et al., 1998; Burja et al., 2001; Abed et al., 2009).
The potent antifungal macrolide scytophycin was detected in Anabaena sp.
HAN21/1, Anabaena cf. cylindrica PH133, Nostoc sp. HAN11/1 and Scytonema sp.
HAN3/2 (Shishido et al., 2015). Shishido et al. (2015) have also identified antifungal
glycolipopeptide hassallidin in Anabaena sp. These strains were isolated from
brackish and freshwater samples collected in Brazil, the Czech Republic and Finland.
In cyanobacteria, the antifungal hassallidin is synthesized by NRPSs and
tailoring enzymes (Vestola et al., 2014). Interestingly, a single hassallidin gene cluster
is encoded in the biosynthetic pathway for more than 40 chemical variants of
hassallidin in Anabaena sp. SYKE748A (Vestola et al., 2014 ).
iv.

Antiviaral

Microalge are potential suppliers of antiviral agents (Borowitzka, 1995), mainly
extracellular sulphated polysaccharides (EPS). Antiviral highly sulphated EPS from
several species of microalgae consist mainly of xylose, glucose and galactose
(Huleihe et al., 2001). The inhibitory effect of polysaccharides of microalgal origin is
due to viral interactions or positive charges on the cell surface, thereby preventing
penetration of the virus into host cells (Amaro et al., 2011).
Some studies have reported that sulphated polysaccharides derived from
microalgae inhibit viral infection, such as E. virus, Herpes simplex virus types 1 and 2
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(HSV1, HSV2), Human Immunodeficiency Virus (HIV), hemorrhagic septicemia in
salmonid virus, swine fever virus, and varicella virus (Amaro et al., 2011).
Carrageenan is a sulfated polysaccharide that can directly bind to human Papilloma
virus to inhibit not only the viral adsorption process but also the input and subsequent
process of the uncoating of the virus (de Jesus Raposo and de Morais, 2014).

1.10 Microalgae as source of compounds with antiinflammatory action
Microalgae produce several anti-inflammatory compounds such as long-chain
polyunsaturated fatty acids (PUFAs), sulfurized polysaccharides, and pigments (de
Morais et al., 2015). The PUFAs eicosapentaenoic (EPA), docosahexaenoic (DHA),
and arachidonic (AA) acids, have been applied in the treatment of chronic
inflammation such as rheumatism and skin diseases (Barrow et al., 2008). Microalgae
Isochrysis sp., Nannochloropsis sp., Phaeodactylum sp., Pavlova sp. and
Thalassiosira sp. produce ߱3 PUFA considered as an alternative to fish oil in food
(Ryckebosch et al., 2014).
Among the pigments with anti-inflammatory activity, fucoxanthin carotenoid
found in diatoms (Zhou et al., 2014) is capable of stimulating apoptosis in human
cancer cells (Maeda et al., 2005). A phycocyanin, found in cyanobacteria, has an antiinflammatory activity that occurs through the inhibition of histamine release (Bhat
and Madyastha, 2001). Another interesting group of bioactive compounds isolated
from microalgae are the brominated bi-indoles isolated from R. firma. The major
compound isolated from above cyanobacterium, (+)-7'-methoxy-2,3,5,5'-tetrabromo3,4'-bi-1Hindole showed both anti-inflammatory activity and anti-amphetamine
activity.
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1.11 Anticancer activities
Spirulina sp. has been reported to prevent oxidative damage by scavenging free
radicals and active oxygen, and hence can indirectly reduce cancer formation in
human body (Halliwell and Gutteridge, 1989; Kok et al., 1990). Anticancer efficiency
of the algal water extracts of N. muscorum, Oscillatoria sp., A. flos aquae, A. oryzae,
C. vulgaris, N. humifusu, P. fragile, S. platensis and W. saccata are reported against
Ehrlich Ascites Carcinoma Cell (EACC) and human Hepatocellular Cancer Cell Line
(HepG2) (Shanab et al., 2012).
Cytotoxic compounds like tubericidin and toyocamycin, and macrolides such
as scytophycin-B have been isolated and characterized from algae and cyanobacteria.
The scytophycins show cytotoxicity against the KB (a human nasopharyngeal
carcinoma) cell line, as well as moderate activity against murine, intraperitoneally
implanted P388 lymphocytic leukemia and Lewis lung carcinoma (Moore et al.,
1986).
The acutiphycins from O. acutissima, are another group of macrolides with
cytotoxicity against KB as well as activity against murine, intraperitoneally implanted
and Lewis lung carcinoma (Barchi et al., 1984). Macrolides amphidinolide-A with
antitumour action have been isolated from dinoflagellates Amphidinium sp. Potential
anti-cancer protein kinase C, protein tyrosine kinase and inosine monophosphate
dehydrogenase are reported in cyanobacteria, cryptophytes and crysophytes (Gerwick
et al., 1994).
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1.12

Present study

Extensive research are being conducted worldwide for the detection, isolation and
characterization of active compounds derived from plants and microorganisms. Algae
have been the best choice as this group of organisms represents a major untapped
resource of valuable bioactive compounds (Mata et al., 2010; Al-Wathnani et al.,
2012). There are more than 70,000 known species of microalgae of which only a few
species have been identified, named and characterized.
Apart from a great diversity of microalgae, only a few hundred microalgal
species have been examined for their potential to produce secondary metabolites and
bioactive compounds. Likewise, our understanding of physiological control of
secondary metabolite formation in microalgae is extremely limited; we do not know
much about secondary metabolite biosynthetic pathways in algae and cyanobacteria.
Present study aims to isolate and characterized freshwater microalgae (algae
and cyanobacteria) of Mizoram, India, for their secondary metabolite diversity,
biochemical constituents and bioactivities.
The proposed study has following major objectives:
i.

To collect, isolate, identify and culture freshwater microalgae of Mizoram.

ii.

To screen algal strains for their bioactivities and secondary metabolites.

iii.

To study the physiological control (age of culture) of formation of bioactive
compounds in selected algal strains.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Collection site
The microalgal samples were collected from Tamdil Wetland, Mizoram. The Tamdil
is situated between 23°44’20.0” N latitude and 92°57’20.7” E longitude and is at
altitude of 2445 ft. above sea level. Tamdil is a natural freshwater lake surrounded by
cool virgin forests. The circumference of lake is 910 meters with a maximum depth of
7 m and its catchment area is about 13.7 sq. km. Tamdil is the largest lake in Mizoram
cultivated as a fish farm and with provision for boating. The lake lies within Aizawl
district and is about 110 km from Aizawl city, the state capital of Mizoram. Tamdil is
one of the wetlands identified under National Wetland Conservation Programme of
Ministry of Environment and Forest, Govt. of India.
Plate 2.1 shows the photograph and Google Earth picture of Tamdil Lake.

2.2. Physico-chemical characteristics of Lake
Along with algae the water samples were collected from five sampling sites during
the month of June. The physico-chemical characteristics studied in the present study
were temperature, pH, turbidity, total hardness, nitrate-N, phosphate-P, dissolved
oxygen and biological oxygen demand. The methods described in Standard Methods
for the examination of Water and Wastewater were used for determination of above
parameters. The pH, temperature and DO were analyzed in situ at the sampling sites.

Samples for turbidity, acidity, total alkalinity, total hardness, nitrate-N, phosphate-P
and BOD were brought to the laboratory for the analysis.
Estimation of dissolved Na+ and K+ in water samples was done using flame
photometer. Concentration of above ions were expressed as parts per million (ppm).

2.3. Determination of pigment content in Lake
The 500 ml of lake water was centrifuged at 10,000 rpm for 30 min and the pellets
were re-suspended in 5 ml 90% methanol. After overnight incubation at 4oC, the
suspension was centrifuged and the supernatant was used for estimation of Chl a and
carotenoids contents. The absorbance were recorded with the help of a UV/ VIS
spectrophotometer at 665 nm, 649 nm and 470 nm for Chl a and carotenoids,
respectively.
The contents of Chl a and carotenoids were calculated using the following
equations (Li, 2000).
ℎ  = 13.7 ×
 =

1000

− 5.76



− 0.474







!
"
5.34

For determination of phycocyanin, pellets were re-suspended in 5 ml of 0.05
M PBS (pH 7.8) and then treated with freezing and thawing five times. The
absorbance of the extracts was measured at 615 and 652 nm. The phycocyanin content
was determined by the following equation (Myers and Kratz, 1955):
Phycocyanins (mg l-1) = (A615 – 0.474A652) ⁄ 5.34
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2.4. Isolation and identification of microalgae
The algal samples were collected in wide mouth bottles and PVC bags along with
water for maintaining the algae in living states. The samples were inoculated on agar
plates containing Chu-10 medium (Table 2.1) and purified by plating and re-plating
using standard methods of isolation and purification of microalgae (Andersen, 2005).

2.5. Microalgae
Freshwater microalgae Chlorella vulgaris Beijerinck and Haematococcus pluvialis
Flotow and cyanobacteria Nostoc spongiaeforme Agardh ex Born. et Flah, Lyngbya
mucicola (Agardh) Lennermann and

Fischerella ambigua (Nag.) Gomont were

isolated from the Tamdil Lake, Mizoram, India. Algal species were identified from
the isolated samples (Desikachary, 1959; Bold and Wynne, 1978) and deposited at the
Microalgal Culture Collection of Mizoram University, India.
The isolated algal and cyanobacterial species were grown and maintained in
Chu-10 medium (Gerloff et al., 1950) (Table 2.1).
The nitrogen fixing cyanobacteria were grown in N-deficient Chu-10 medium.
The medium was prepared using Milli-Q water. K2HPO4 and ferric citrate were
autoclaved separately and added to cool and sterilized medium. The pH of the
medium was 7.0±0.2. ‘Borosil’ make glassware were used. Microalgal cultures were
maintained in Erlenmeyer flasks of 250-ml capacity containing 100 ml of medium.
Non-absorbent cotton was used to plug the flasks.
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Table 2.1: The composition of Chu-10 medium.
g l-1

Micronutrients

mg l-1

KNO3

0.04

MnCl2.4H2O

0.5

K2HPO4

0.01

Na2MoO4.2H2O

0.01

MgSO4.7H2O

0.04

H3BO3

0.5

Na2SiO3

0.02

CuSO4.5H2O

0.02

Ferric citrate

0.003

CoCl2

0.04

CaCl2

0.04

ZnSO4

0.05

Citric acid

0.003

Macronutrients

Culture media and culture vessels were sterilized in an autoclave at 15 lbs
inch-2 pressure at 121 oC for 15 min. After autoclaving, all glassware were exposed to
ultraviolet light in a Laminar flow cabinet for 5-10 min.

2.6. Maintenance of microalgal culture
The pure algal cultures were homogenized in sterilized water with glass beads. Then,
they were centrifuged at 3000 rpm for 10 minutes and the pellets were washed three
times by centrifuging with sterilized distilled water and lastly with medium. They
were transferred under aseptic condition in Laminar flow cabinet and grown
axenically in Chu-10 medium (Gerloff et al., 1950). The culture medium was
maintained at pH 7.0± 0.2 and the cultures were kept in an air-conditioned culture
room under a photoperiod of 12 hrs. Cultures were hand-shaken thrice daily.

2.7. Determination of fresh weight, dry weight and moisture
content
The fresh weight of algal samples was determined after removing the moisture using
blotting paper. To determine the dry weight, pellets were dried in a hot air oven at
60±2.0 oC till a constant weight was obtained. Biomass dry weight and fresh weight
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were expressed as gram dry weight per litre of culture and gram fresh weight per litre
of culture, respectively (Katircioglu et al., 2006).
Moisture content of algae was estimated by drying a known biomass in hot air
oven at 70± 2.0 oC to constant weight. Biomass was cooled down in a desiccator and
weighed. The loss in weight was expressed as percentage of moisture (Palou et al.,
1997).
# %! =

%& − '& !
(100
%&

where, MC is moisture content, FW is the fresh weight and DW is the dry weight.

2.8. Determination of specific growth rate
Growth was determined by measuring the absorbance of the culture at different
wavelengths according to species and the specific growth rate was calculated as
described by Guillard (1973) :
)*+,+ -.ℎ  µ /0 ! =

ln  − 0 !
₂ − ₁

where, µ is for specific growth rate and n1 and n2 are absorbance of culture at the
beginning (t1) and the end (t2) of the selected time interval. The specific growth rate
was calculated when culture was exponentially growing.

2.9. Protein content
The protein content was determined by using Lowry’s method (Lowry et al., 1951)
Reagents
A. BSA stock solution (1mg ml-1).

27

B. Analytical reagents
(a) 50 ml of 2% sodium carbonate mixed with 50 ml of 0.1N sodium hydroxide
solution (0.4g in 100 ml distilled water).
(b) 10 ml of 1.56% copper sulphate solution mixed with 10 ml of 2.37% sodium
potassium tartarate solution.
Analytical reagent was prepared by mixing 2 ml of (b) with 100 ml of (a).
C. Folin – Ciocalteau reagent solution (1N)
The commercial reagent (2N) was diluted with an equal volume of water on
the day of use.
Procedure
Different dilutions of BSA solutions were prepared by mixing stock BSA solution and
water in the test tube. The final volume in each of the test tubes was 5 ml. The BSA
range was 0.05 to 1 mg/ml. From these different dilutions, 0.2 ml protein solutions
were pipette out to different test tubes, 2 ml of analytical reagents were added and
mixed well. The mixture were boiled for 10 minutes and cooled down. 0.2 ml of Folin
Ciocalteau solution was added to each test tube and incubated for 30 minutes at room
temperature.

The optical densities were measured at 660 nm (Systronics, India,

model: 117). The absorbance was plotted against protein concentration to get a
standard curve. The same process was repeated for other algal samples too. The
protein concentrations of algal samples were determined by using the protein standard
curve.
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2.10. Estimation of pigments
Quantitative estimation of photosynthetic pigments, chlorophyll a and carotenoid
were performed by using UV-VIS spectrophotometer (Systronics, India, model: 117).
The algal cultures were homogenised by using vortex. About 5 ml of the sample were
centrifuged at 5000 rpm for 10 minutes. 5 ml of 80% acetone was added to the pellet
and kept in dark for overnight. It was centrifuged again at 5000 rpm for 10 minutes
and the absorbance was recorded at 665 and 480 nm for chlorophyll a and carotenoid,
respectively (Mackinney, 1941; Myers and Krantz, 1955). The chlorophyll a and total
carotenoid content were calculated by using the following equations:
 - /0! = '"5
where, C is chlorophyll a or carotenoid content, D is absorbance, d is inside path
length in cm (i.e. 1 cm) and α is absorption coefficient (82.04 for Chl a and 200 for
carotenoids).

2.11. Estimation of carbohydrate
The 80% of ethanol was incubated at 70oC for half an hour in water bath. 0.01gm
fresh weight of algae was mixed with 3 ml of the hot ethanol (80%) and kept at room
temperature for 30 min. Then, the mixture was centrifuge at 5000 rpm for 10 min. The
500 µl supernatant was mixed with equal amount of water. The mixture was kept for
10 min at 60oC in water bath and 4 ml of anthrone solution (0.2 g anthrone dissolved
in 100 ml of 95% H2SO4) was added. The optical density was measured at 550 nm.
The total sugar content of different algal samples was calculated from the standard
dextrose curve.
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2.12. Estimation of lipid
Lipid extraction and quantification was performed according to Kalacheva et al.
(2002). The algal cells were harvested by centrifugation and the cells were washed
with 2.0 ml of 0.2% NaCl. The pellet was suspended in 5.0 ml of hot isopropanol and
boiled for 3 min. After cooling, the suspension was mixed with 5.0 ml of chloroform
and kept for 12 h at room temperature. The chloroform extract was mixed with 5.0 ml
of water and allowed to separate into phases. The lower chloroform phase was
collected separately and the chloroform was evaporated completely on a heating block
at 100-110 oC within 15 min. After 2.0 ml of acid dichromate solution (prepared by
dissolving 5 g of K2Cr2O7 in 50 ml distilled water and further diluted to 1000 ml with
conc. H2SO4) was added, it was boiled for 30 min and 10 ml of water was added.
After mixing the optical density was recorded at 430 nm.

2.13. Qualitative tests of phytochemicals
i.

Alkaloids

The 2.0 ml of the algal culture was dissolved in 2.0 ml of distilled water and filtered.
200 µl of HCl was added to the filtrate and steam was passed through it. Then, 6
drops of Wagner’s reagent were added to 1.0 ml of the above solution. Brownish-red
precipitate indicates the presence of alkaloids (Parekh et al., 2006).

ii.

Terpenes

The 5 drops of concentrated H2SO4 and 1.0 ml of chloroform were added to the 1.0 ml
algal culture. Change of yellow colour into red indicated the presence of terpenoids
(Finer, 2003).
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iii.

Flavonoids

To a portion of the filtrate of the algal aqueous extract, 5.0 ml each of dilute ammonia
solution and concentrated H2SO4 were added. Yellow colour appeared indicating the
presence of flavonoids. The yellow colouration disappear on standing (Harborne,
1973; Sofowara, 1993).

iv.

Tannins

The 0.5 g of the dried powdered sample was boiled with 20 ml of water in a test tube
and filtered. Then, few drops of 0.1% ferric chloride were added. Brownish green or
blue black colouration was observed (Edeoga, 2005).

v.

Protein

The 100 mg dried biomass was suspended in 10.0 ml of distilled water and filtered
with Whatmann No. 1 filter paper. Two ml of the filtrate was treated with one drop of
2% copper sulphate solution. To this, 1.0 ml of 95% ethanol was added followed by
excess of potassium hydroxide pellets. Pink colour in the ethanol layer indicates the
presence of protein (Gahan, 1984).

vi.

Saponins

Two grams of the powdered sample was boiled in 20 ml of distilled water in a water
bath and filtered. The 10.0 ml of the filtrate was mixed with 5.0 ml of distilled water.
Then, it was shaken vigorously for a stable persistent of froth. The frothing was again
mixed with 3 drops of olive oil and shaken vigorously. The formation of emulsion
confirmed the presence of saponins (Edeoga, 2005).

vii.

Steroids

The 1.0 ml of the algal culture was dissolved in 2.0 ml of acetic anhydride solution.
The mixture was made warm. After cooling, 1.0 ml of conc. H2SO4 was added along
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the sides of the test tube. The colour changes from violet to blue or green in samples
indicating the presence of steroid (Edeoga, 2005).

viii.

Sugars

The 100 mg dried biomass was suspended in to 5.0 ml of water and filtered. The 1.0
ml of the filtrate was boiled on water bath with 1.0 ml each of Fehling solutions A and
B. A red precipitate indicated the presence of sugars (Harborne, 1998).
Fehling’s solution A: Copper sulphate (34.66 g) was dissolved in distilled water and
made up to 500 ml using distilled water.
Fehling’s solution B: Potassium sodium tartarate (173 g) and sodium hydroxide (50 g)
was dissolved in water and made upto 500 ml.

ix.

Amino acids

The 100 mg dried biomass was suspended in to 10.0 ml of distilled water and filtered
with Whatmann no. 1 filter paper. Two drops of ninhydrin solution (10 mg of
ninhydrin in 200 ml of acetone) were added to 2.0 ml of the filtrate. A characteristic
purple colour appeared which indicates the presence of amino acids (Yasuma and
Ichikawa, 1953).

2.14. Measurement of photosynthetic yield
After a 30 min dark incubation of cells, chlorophyll fluorescence was measured using
DUAL-PAM flourometer (Heinz Walz GmbH, Effeltrich, Germany). The following
fluorescence parameters were recorded:
(i)

Fo – Minimal fluorescence

(ii)

Fo′- Minimal fluorescence yield of illuminated sample with all PS II centres
open
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(iii)

Fm – Maximum fluorescence

(iv)

Fm′- Maximal fluorescence yield of a light-adapted sample

(v)

Fv/Fm – Maximum quantum yield in PS II

(vi)

Y(II) – Effective quantum yield in PS II

(vii)

Y(NPQ) – Non-photochemical quenching

(viii)

qP – Coefficient of photochemical quenching

(ix)

qL – Coefficient of photochemical quenching

(x)

ETRmax (µ mol m-2s-1) – Maximum electron transport rate
All samples were dark-adapted for 15 min prior to recording of fast

fluorescence induction curves. Fo, the minimum fluorescence, was detected by a
measuring light (ML) at low intensity. A 300 ms saturating pulse of 10,000 µmol
photons m-2 s-1 was applied to determine the maximum fluorescence (Fm). Maximum
quantum yield of PS II was calculated as Fv/Fm, where Fv = Fm-Fo. The maximal
change in P700 signal (Pm) was measured using a saturation pulse after far-red light
(Klughammer and Schreiber, 2008).
After determination of Fo and Fm, the fast light-induction curves were recorded
with the routine induction protocol of the Dual-PAM-100 software. Rapid lightresponse curves were obtained using a light curve method, consisting of sixteen
consecutive 30 s steps with an increasing AL intensity, and an SP was applied at each
AL intensity to obtain the maximal fluorescence yield of a light-adapted sample (Fm′).
The coefficient of photochemical quenching (qP), a measure of the overall
“openness” of PS II was obtained as qP=(Fm′-Fo)/(Fm′-Fo′), where Fo is the
fluorescence yield briefly before application of a SP, and Fo′ is the minimal
fluorescence yield of illuminated sample with all PS II centers open (Schreiber et al.,
1986).
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The coefficient of photochemical fluorescence quenching (qL) assuming
interconnected PS II antennae was calculated as qL=qP x (Fo′/Fo) (Kramer et al.,
2004).
The effective quantum yield of PS II (Y(II)) was determined as Y(II) = (Fm′Fo)/Fm′. The quantum yield of regulated energy dissipation in PS II (Y(NPQ)) was
calculated according to Kramer et al. (2004) by the equation: Y(NPQ) = (Fm-Fm′)/Fm′.
The quantum yield of non-regulated energy dissipation, Y(NO), in PS II is calculated
according to Kramer et al. (2004) as Y(NO)= 1/(NPQ+1+qL(Fm/F o-1)).

2.15. Microalgal extracts
Following three different solvent systems were used for the extraction of microalgae
for screening of their bioactivity tests:
(i)

Methanol (100%)

(ii)

Ethanol : water (3:7 v/v)

(iii)

Dichloromethane : isopropanol (1:1 v/v)

Algal biomass from axenic culture of N. spongiaeforme, L. mucicola, F.
ambigua, C. vulgaris and H. pluvialis growing in Chu-10 medium were harvested by
centrifugation at 3000 rpm and the pellets were transferred to sterile Milli-Q water
and kept at room temperature for 48 hrs in order to stimulate synthesis of secondary
metabolites. Subsequently, the biomass was freeze dried at -20°C for 24 hrs (Ördög et
al., 2004).
A 0.5 g freeze dried biomass was suspended into 10.0 ml of methanol and
cells were disruptured by ultrasonication (Sartorius, Germany; model: BBI 8535108)
for 30 sec and residues were separated by passing through Sephdex G column. The
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filtrates were used as methanolic extract and residues were further extracted first with
ethanol : water (3:7, v/v) and then with DCM : ISO (1:1, v/v) in the column. The
filtrates were evaporated to dryness under reduced pressure by using rotary evaporator
at 40oC. Finally the crude extracts were obtained and stored at 4oC till further use.
The extracts were prepared from 20-days old and 40-days old culture of the
test algae. The applied extract concentrations were 25, 50, 75 and 100 µl.

2.16. Target organisms
The various extracts obtained from the test algae were tested for their algicidal,
antibacterial and antifungal properties using non-pathogenic strains of algae, bacteria
and fungi.
Three green microalgal species, namely, Chlorella vulgaris, Scenedesmus
quadricauda and Selenastrum capricornutum, and one cyanobacterium Anabaena
variabilis were selected as target organism for the algicidal tests.
Two Gram (+) bacteria (Bacillus subtilis strain ATCC11774, Bacillus pumilus
strain ATCC14884)

and one Gram (-) bacterium (Escherichia coli strain

ATCC10536) were used to test the antibacterial activity in different extracts. Bacterial
strains were procured from Himedia. The stock bacterial strains were grown in
nutrient broth medium prepared using peptone (1 g), meat extract (0.3 g), sodium
chloride (0.5 g) and water (100 ml) in Erlenmeyer flask. The medium pH was
adjusted at 7.6 and sterilized in autoclave at 15 lbs inch-2 pressure at 121 oC for 15
min.
Two fungal strains, Fusarium udum and Fusarium culmorum, were selected as
target organisms for the test of antifungal bioactivities in extracts. These strains were
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obtained from Microbiology Laboratory, Department of Biotechnology, Mizoram
University. The fungal strains were grown in potato-dextrose-agar (PDA) medium.
The medium was prepared by dissolving potato (200 g), dextrose (20 g), peptone (2
g), agar (15 g) and streptomycin (0.03 g) in 1L of distilled water. The pH was
adjusted at 5.6 and sterilized by autoclaving at 15 lbs inch-2 pressure at 121 oC for 15
minutes.

2.17. Evaluation of antimicrobial activities

The crude extracts were dissolved in 10% dimethyl sulfoxide (DMSO) at the
concentration of 0.05 g ml-1 for antimicrobial assay.

i.

Test for antialgal activities

The antialgal activities in different extracts of the test algae were examined by
spectrophotometric method. Different concentrations ranging from 25 to 100 µl of the
extracts were added to 3 ml culture of target microalgae. The culture were incubated
for 4 days in air conditioned culture room under the photoperiod of 12 hrs. The
absorbance was recorded at 684 nm for C. vulgaris and 440 nm for S. quaricauda and
S. capricornutum and 417 nm for A. variabilis using UV-VIS Spectrophotometer
(Systronics, India, model: 117). Specific growth rate was calculated for treated and
untreated cultures as described above.

ii.

Test for antibacterial activities

The antibacterial activities in different extracts were determined using the agar- welldiffusion assay (Perez et al., 1990). The nutrient agar plate was prepared and 0.5 ml
of bacterial suspension was poured on nutrient agar plates under sterile conditions and
spread uniformly by using an L-shape spreader. Plates were punched to make a well
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of 6 mm diameter with the help of sterile cork borer. Different amounts (25, 50, 75
and 100 µl) of extracts were pipette out into the well and plates were incubated over
night at 35°C in an incubator. All the tests were done in three sets. The plates were
observed for the inhibition zone after 48-72 hrs.

iii.

Test for antifungal activities

The antifungal activities of different extracts were tested using the disc-diffusion
method (NCCLS, 2001). The fungal strains were inoculated at the centre of the sterile
Petri plates containing 10 ml of potato-dextrose-agar medium. The Petri plates were
kept inside the incubator at 30oC for four days. The filter paper disc (8 mm diameter)
were impregnated with different concentrations of the extract (25, 50, 75 and 100 µl)
and placed onto the centre of the agar plates previously inoculated with the target
fungal strains by using a flamed forceps and gently pressed down to ensure contact
(de Mule et al., 1991). The plates were incubated at 30oC for 48 hrs and fungal colony
diameter were measured.

2.18. Determination of minimum inhibitory concentration
The minimum inhibitory concentration (MIC) is defined as the lowest concentration
of extracts that inhibit the growth of target organisms. Minimum inhibitory
concentration of different extracts were evaluated using different concentrations (25,
50, 75 and 100 µl) of extracts against the target organisms.

2.19. UV-VIS spectral analysis of extracts
The extracts were analysed for their spectrum in wave length range of 190 to 750 nm
by using UV-VIS-NIR spectrophotometer (HITACHI-U4100L). The major peaks
were noted for the assessment of chemical diversity in the extracts.
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2.20. GC-MS analysis of extracts
The different crude extracts, as described above, were dissolved in chloroform (10 mg
ml-1) and analysed by GC-MS-QP-2010 Plus (Shimadzu, Japan). For GC-MS
detection, an electron ionization system with ionization energy of 70 eV was used,
and helium gas was used as the carrier gas at a constant flow rate of 1.21 ml/min. The
oven temperature was set at 100 oC for 3 min. The injector and MS transfer line
temperature was set at 250ᵒC and 260ᵒC, respectively (Salem et al., 2014).
Compounds were identified based on the comparison of their relative retention time
and mass spectra with those of the NIST, WILLY library data of the GC-MS system.

2.21. Statistical analysis
The data obtained from the study were analysed statistically using the Analysis of
Variance (ANOVA). The tests were performed using Statistica 5.0 software.
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CHAPTER 3

RESULTS
3.1 Physicochemical characteristics and pigment contents in
Tamdil lake
The physico-chemical characteristics determined at the time of sampling in month of
June are shown in Table 3.1.

3.2

Test microorganisms

The following microalgae were identified and selected for detailed study. The
photographs of the test microalgae and cyanobacteria are shown on Plate 3.1.
i.

N. spongiaeforme Agardh ex Born. et Flah

Thallus gelatinous, expanded, bullose, brownish; filaments loosely entangled,
trichome about 4 µ broad, violet; cells partially cylindrical and up to 7 µ long;
heterocyst subspherical or oblong, 7-8 µ broad, longer than broad, spores oblong, 6-7
µ broad.
ii.

L. mucicola (Agardh) Lennermann

Filaments single in the mucilaginous thalli of other algae, 1.5 µ broad, sheath delicate;
trichome not constricted at the cross walls, cross-walls marked by a strongly
refractive granule on either side; cells 1.5 µ long, pale blue-green; ends not
attenuated, end cells rounded.

iii.

F. ambigua (Nag.) Gomont

Main filament creeping variously bent, densely interwoven, 6-9 µ broad; thick, broad
yellowish brown sheath; cells subspherical to cylindrical; branches erect, curved,
colourless sheath; cells of branches cylindrical; heterocysts cylindrical.
Table 3.1. The physico-chemical characteristics and pigment contents in Tamdil Lake
recorded in the month of June.
Physico-chemical characteristics

Values

Temperature

25.9°C

pH

6.80±0.02

Turbidity

10.2±0.2 NTU

Total hardness

60.8±2.3 mg l-1

Nitrate-N

0.98± 0.04 mg l-1

Phosphate-P

0.41±0.02 mg l-1

Dissolved oxygen

6.02±0.21 mg l-1

Biological oxygen demand (BOD)

0.50±0.06 mg l-1

Na+ (in water)

4.47 ± 0.77 ppm

K+ (in water)

1.67 ± 0.53 ppm

Chlorophyll a

255 µg l-1

Carotenoids

0.105 mg l-1

Phycocyanin

2.8 mg/l

iv.

C. vulgaris Beijerinck

Single-celled, non-motile; cell is spherical, 2-12 µ in diameter; solitary or irregular
clumps; chloroplast single, partial, cup-shaped.
v.

H. pluvialis Flotow

Biflagellate, unicellular; cell spherical or pear-shaped cells; cup-shaped chloroplasts
bear multiple pyrenoids; older cells with red pigmentation.
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3.3

Fresh weight, dry weight and moisture content

The fresh weight and dry weight of the selected algal species are shown in Table 3.2.
The fresh weight to dry weight ratio determined in N. spongiaeforme, L. mucicola, F.
ambigua, C. vulgaris and H. pluvialis was 7.99, 8.11, 28.82, 42.60 and 7.67,
respectively.
The moisture content (MC) of the laboratory grown algal culture was
determined and results are given in Table 3.2. The highest percentage of moisture
content was found in C. vulgaris followed by F. ambigua. Almost similar moisture
content was found in N. spongiaeforme and L. mucicola. The lowest moisture
content was found in H. pluvialis.

3.4

Microalgal growth

Figure 3.1A shows the growth pattern of selected algae determined in a 16 days batch
culture experiment. C. vulgaris, H. pluvialis and L. mucicola were grown in Chu-10
medium with N-source, and N. spongiaeforme and F. ambigua were grown in Chu-10
medium without N-source (KNO3). For all test algae, during first 6 days growth was
slower and afterward culture entered into exponential growth phase. During 16 days
of experiment, the culture did not show the stationary and decline phases of growth.
Under experimental conditions used in the present study, the typical sigmoid growth
curve was not found.
The specific growth rate of test microalgae is shown in Figure 3.1B. Among
the microalgae, green algae were mostly fast growing than blue-green algae. The C.
vulgaris and H. pluvialis showed highest growth rate followed by L. mucicola, F.
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ambigua and N. spongiaeforme. Green algae showed higher specific growth rates
compared to the blue-green algae.
Table 3.2. Fresh weight, dry weight and moisture content in microalgae. The values
are the mean of three replicates and ±SD.
Microalgae

Fresh weight
-1

Dry weight

FW:DW Moisture content

-1

(g l )

(g l )

N. spongiaeforme

2.67±0.160

0.33±0.098

7.9

87.35±4.480

L. mucicola

3.01± 0.018

0.38±0.022

8.1

87.67±0.660

F. ambigua

2.00±0.050

0.07±0.004

28.8

96.52±0.064

C. vulgaris

13.55±0.660

0.32±0.012

42.6

97.63±1.05

H. pluvialis

1.46±0.170

0.20±0.002

7.7

86.98±0.25

3.5

(%)

Total protein content

The protein content in test microalgae, grown in nutrient medium for 16 days, is
presented in Figure 3.2. The highest protein content was observed in C. vulgaris
(0.428 mg ml-1 culture) followed by H. pluvialis (0.209 mg ml-1), N. spongiaeforme
(0.200 mg ml-1), F. ambigua (0.137 mg ml-1) and L. mucicola (0.098 mg ml-1).

3.6

Pigment content

The chlorophyll a and carotenoid content, expressed in mg l-1, increased with
increasing cultivation period (Figure 3.3A & B). N. spongiaeforme showed highest
chlorophyll a contents during all the growing phases. The chlorophyll a content in H.
pluvialis increased rapidly after 6 days of inoculation. L. mucicola and F. ambigua
showed similar increase in chlorophyll a contents of the culture.
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3.7

Total sugar content

Figure 3.4A shows the total sugar content in microalgae. The maximum sugar content
was obtained in C. vulgaris (63.0 µg ml-1) followed by N. spongiaeforme (59 µg ml-1),
L. mucicola (52 µg ml-1), F. ambigua (47 µg ml-1) and H. pluvialis (43 µg ml-1).

3.8

Total lipid content

Lipid content in term of % dry weight was determined and results are shown in Figure
3.4B. The highest lipid content was found in H. pluvialis (4.4% DCW), which was
followed by F. ambigua (3.4% DCW), L. mucicola (2.9% DCW) and N.
spongiaeforme (1.5% DCW). The lowest lipid content was recorded in C. vulgaris
(0.854% DCW).

3.9

Qualitative phytochemical screening

The important phytochemicals like alkaloids, terpenoids, flavonoids, tennins, protein,
saponins, steroids, sugars and amino acids were screened for their presence in
microalgal cultures and results are shown in Table 3.3.
Proteins, saponins, sugars and amino acids were present in all the microalgal
samples. Alkaloids were found in C. vulgaris and L. mucicola. Flavonoids were
found in C. vulgaris and H. pluvialis. Presence of tannin was observed in F ambigua
and C. vulgaris. Steroid was present in L. mucicola whereas N. spongiaeforme
recorded the only presence of terpenoids.
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3.10 Photosynthetic yield
The parameters of photosynthetic yield of test microalgae were determined by using
DUAL-PAM. The results are shown in Table 3.4. From this analysis, the maximum
PS II quantum yield (Fv/Fm) in H. pluvialis, C. vulgaris, L. mucicola, F. ambigua,
and N. spongiaeforme was determined as 0.681, 0.452, 0.442, 0.362 and 0.294,
respectively. The effective quantum yield of Y(II) was found as 0.682, 0.459, 0.454,
0.358 and 0.296 in H. pluvialis, C. vulgaris, L. mucicola, F. ambigua

and N.

spongiaeforme respectively. The maximum electron transport rate (ETRmax) of 21.6,
17.1, 15.9, 15.8 and 3.8 µ mol m-2s-1 was found in H. pluvialis, L. mucicola, N.
spongiaeforme, C. vulgaris and F. ambigua, respectively.
Table 3.3: Primary screening of phytochemicals in the test microalgae and
cyanobacteria.
Phytochemicals

N.
spongiaeforme

L.

F.

mucicola

ambigua

C. vulgaris

H.
pluvialis

Alkaloids

-

+

-

+

-

Terpenoids

+

-

-

-

-

Flavonoids

-

-

-

+

+

Tannins

-

-

+

+

-

Protein

+

+

+

+

+

Saponin

+

+

+

+

+

Steroids

-

+

-

-

-

Sugar

+

+

+

+

+

Amino acids

+

+

+

+

+

Note: + Detected; - Not detected
The above results suggested that photosynthetic efficiency is variable with
species. H. pluvialis showed highest photosynthetic efficiency followed by C.
vulgaris, L. mucicola, F. ambigua and N. spongiaeforme.
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Table 3.4: The chlorophyll fluorescence parameters measured in culture grown in
Chu-10 medium by the DUAL-PAM.
Parameters

N.

L. mucicola

spongiaeforme

F.

C.

H.

ambigua

vulgaris

pluvialis

Fo

0.097

0.104

0.120

0.098

0.100

Fo ′

0.297

0.114

0.320

0.212

0.169

Fm

0.421

0.204

0.502

0.386

0.533

Fm′

0.421

0.204

0.502

0.386

0.528

Fv/Fm

0.294

0.442

0.362

0.452

0.681

Y(II)

0.296

0.454

0.358

0.459

0.682

qP

1.000

1.000

0.989

1.000

1.000

qL

1.000

1.000

0.982

1.000

1.000

NPQ

0.000

0.000

0.000

0.003

0.004

ETRmax

15.9

17.1

3.8

15.8

21.6

(µ mol/m2s)

3.11 Antimicrobial activity
i.

Antialgal activities of microalgae

The antialgal properties of N. spongiaeforme extracts were tested against four
microalgae, namely, C. vulgaris, S. quadricauda, S. capricornutum and A. variabilis
(Figure 3.5). Extract prepared from 40-days old culture was more effective in
inhibiting the growth of target microalgae than 20-days old culture. The methanol
extract inhibited the growth of A. variabilis by 60%. The above inhibitory effect was
evident at 75 and 100 µl of extract applications. However, extracts prepared from 20days old N. spongiaeforme showed inhibitory effect in green alga C. vulgaris.
Figure 3.6 shows the antialgal activities in extract of L. mucicola. Similar to N.
spongiaeforme. extract, the L. mucicola extracts prepared from 40-days old culture
was inhibitory to growth of A. variabilis. Remarkably, the extracts prepared from the
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20-days old L. mucicola showed no inhibitory activity against the A. variabilis.
Further, it was observed that L. mucicola extracts caused stronger inhibition in growth
of S. quadricauda, but was not effective against other green algae examined in the
present study. The 100 µl DCM : ISO, methanol and ethanol : water extracts prepared
from 40-days old L. mucicola inhibited the growth of S. quadricauda by 55, 33 and
36% , respectively. The extracts prepared from the 20-days old L. mucicola also
showed above activities when tested on S. quadricauda.
Among the three test cyanobacteria, the F. ambigua showed broad spectrum
antialgal activities (Figure 3.7). The growths of all the target microalgae tested in the
present study were inhibited. The methanol extract was less effective compared to
ethanol : water and DCM : ISO extracts in inhibition of cyanobacterial growth.
Further, it was noticed that extracts prepared from 20-days old culture was
specifically inhibited the growth of S. capricornutum.
The extracts prepared from C. vulgaris showed growth inhibitory activity
against all tested microalgae except S. quadricauda (Figure 3.8). The C. vulgaris
extracts inhibited the growth of A. variabilis. The inhibitory properties were found in
extracts prepared from 40-days as well as 20-days old culture. The extract prepared
from C. vulgaris was auto inhibitory to itself.
The H. pluvialis extracts were also inhibitory to growth of all the target
microalgae (Figure 3.9). In-general, the extracts prepared from 20-days old culture
were less effective in inhibiting the growth of the test algae compared to extracts from
40-days old culture. Further, the methanol extract was more effective comparison to
others in inhibition of growth of cyanobacterium A. variabilis. The DCM : ISO
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extract inhibited the growth of C. vulgaris, S. capricornutum and A. variabilis by 37,
7 and 6%, respectively.
ii.

Antibacterial activities of microalgae

The methanol extract of N. spongiaeforme did not show any antibacterial activity
(Table 3.5). The DCM : ISO extract caused strong inhibition in growth of B. subtilis
and B. pumilus. The 100 µl DCM : ISO extract applied to culture plate resulted in to
23.7 and 14.0 mm inhibition zone in B. subtilis and B. pumilus, respectively. Growth
inhibition zones due to antibacterial activity of extracts are shown in Plate 3.2.
All the extracts of 40-days and 20-days old L. mucicola sp. were inhibitory to
both species of Bacillus (Table 3.6). The highest antibacterial activity was observed
with DCM : ISO extract of 40-days old culture of L. mucicola. The 100 µl methanol,
ethanol : water and DCM : ISO extracts of 40-days old culture caused 7.3±1.5,
8.3±0.6 and 15.7±0.6 mm inhibition zones, respectively, in growth of B. subtilis, and
8.0±1.0, 11.0±0.0 and 14.0±1.0 mm inhibition zones, respectively, in growth of B.
pumilus. Further, extracts prepared from 20-days old culture caused higher inhibition
compared to extract from 40-days old culture. Growth inhibition zones due to
antibacterial activity of extracts are shown in Plate 3.3.
F. ambigua extracts did not show antibacterial activities when tested over B.
subtilis and E. coli (Table 3.7). However, the growth inhibition zones were induced
when F. ambigua extracts were applied to B. pumilus. Growth inhibition zones due to
antibacterial activity of extracts are shown in Plate 3.4.
Among the different extracts of C. vulgaris, antibacterial activities were found
only in DCM : ISO extract of 40-days old culture (Table 3.8). The 100 µl DCM : ISO
extract of C. vulgaris (40-day old) resulted into 7.7±0.6 and 8.0±0.0 mm diameter
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inhibition zone in B. subtilis and B. pumilus, respectively. Growth inhibition zones
due to antibacterial activity of C. vulgaris extracts are shown in Plate 3.5.
Table 3.5: Antibacterial activity of 40-days old and 20-days old N. spongiaeforme
extracts.
Bacterial

Inhibition zone (mm)

strains

Extracts

B. subtilis

Methanol

25µl

50 µl

75 µl

100 µl

7.3±0.6

9.7±1.2

11.7±2.9

A
B

Ethanol:water A

7.7±0.6

B
DCM:ISO

B. pumilus

Methanol

A

7.3±0.6

8.7±0.6

13.7±1.2

23.7±1.5

B

10.7±0.6

11.3±0.6

12.3±0.6

14.0±1.0

A

10.7±0.6

11.3±0.6

12.3±0.6

14.0±1.0

B

8.33±0.6

10.3±0.6

11.3±0.6

13.0±1.0

A
B

Ethanol:water A
B
DCM:ISO

E. coli

Methanol

A
B

Ethanol:water A
B
DCM:ISO

A
B

Note: Letters ‘A’ and ‘B’ indicate extract prepared from 40-days old and 20-days old
culture, respectively.
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Table 3.6: Antibacterial activity of 40-days old and 20-days old L. mucicola extracts.
Bacterial

Extracts

Inhibition zone (mm)

strains

25 µl

B. subtilis

Methanol

50 µl

100 µl
7.3±1.5

A
B

7.0±0.0

8.0±1.0

Ethanol:water A

6.7±0.6

8.3±0.6

6.7±0.5

7.0±1.0

8.7±0.6

B
DCM:ISO

B. pumilus Methanol

A

10±0.0

12.7±1.5

15.3±0.6

15.7±0.6

B

9.0±1.0

12.33±1.5

15.3±0.6

16.0±1.0

7.3±0.6

8.0±1.0

8.070±1.0

11.7±1.2

13.0±1.0

7.373±0.6

8.7±0.6

11.0±0.0

B

7.7±0.6

11.0±1.0

13.3±0.6

A

8.070±0.0

11.0±1.0

14.0±1.0

11.7±0.6

14.0±1.0

22.0±2.6

A
B

7.3±0.6

Ethanol:water A

DCM:ISO

B
E. coli

75 µl

Methanol

7.7±0.6

A
B

Ethanol:water A
B
DCM:ISO

A
B

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

Among different extracts of H. pluvialis only DCM : ISO extract showed
antibacterial activity (Table 3.9). However, no extract caused growth inhibition of E.
coli. The 100 µl DCM : ISO extract caused inhibition zones with 8.3±0.6 and 7.7±0.6
mm diameter in B. subtilis and B. pumilus, respectively.

Growth inhibition zones

due to antibacterial activity of extracts are shown in Plate 3.6.
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Table 3.7: Antibacterial activity of 40-days old and 20-days old F. ambigua extracts.
Bacterial

Extracts

Inhibition zone (mm)

strains

25µl

B. subtilis

Methanol

50 µl

75 µl

100 µl

7.3±0.6

10.0±2.0

A
B

Ethanol:water A
B
DCM:ISO

A
B

B. pumilus

Methanol

A

8.3±0.6

B
Ethanol:water A

7.0±0.0

8.3±0.6

10.0±2.0

B
DCM:ISO

A

7.0±0.0

B
E. coli

Methanol

11.0±1.0

7.3±0.6

9.7±0.6

12.0±0.0

8.0±1.0

10.3±0.6

11.3±0.6

A
B

Ethanol:water A
B
DCM:ISO

A
B

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.
iii.

Antifungal activities of microalgae

The antifungal activities were detected in all the extracts of N. spongiaeforme. The
highest antifungal activity (inhibition zone with 11.0 mm diameter) was observed in
DCM : ISO extract of 40- days old N. spongiaeforme (Table 3.10). All the extracts of
N. spongiaeforme have more or less inhibitory effects on F. culmorum, however,
ethanol : water extract did not induced inhibition zone in culture of F. udum .
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Table 3.8: Antibacterial activity of 40-days old and 20-days old C. vulgaris extracts.
Bacterial

Inhibition zone (mm)

strains

Extracts

B. subtilis

Methanol

25µl

50 µl

75 µl

100 µl

6.7±0.6

7.0±0.6

7.3±0.6

7.7±0.6

6.5±0.6

6.7±1.0

7.0±0.0

7.3±0.6

7.7±0.6

8.0±0.0

6.8±0.6

7.3±0.6

A
B

Ethanol:water A
B
DCM:ISO

A
B

B. pumilus

Methanol

A
B

Ethanol:water A
B
DCM:ISO

A

7.0±0.0

B
E. coli

Methanol

A
B

Ethanol:water A
B
DCM:ISO

A
B

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

The L. mucicola extracts showed antifungal activities (Table 3.11). Among the
tested extracts, DCM : ISO extract showed highest inhibitory effects on growth of
both target fungal strains. The application of 100 µl DCM : ISO extract of 40-days
old L. mucicola resulted into 6.3±0.0 and 5.6±0.0 mm inhibition zones in F. udum and
F. culmorum, respectively. The antifungal activities of extracts were dependent on
volume of extract applied to the culture.
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Table 3.9: Antibacterial activity of 40-days old and 20-days old H. pluvialis extracts.
Bacterial

Inhibition zone (mm)

strains

Extracts

B. subtilis

Methanol

25µl

50 µl

75 µl

100 µl

A

7.0±0.0

8.0±1.0

8.3±0.6

B

7.0±0.0

7.3±0.6

8.0±0.6

7.0±0.0

7.3±0.6

7.7±0.6

6.8±1.0

7.7±0.6

A
B

Ethanol:water A
B
DCM:ISO

B. pumilus

Methanol

A
B

Ethanol:water A
B
DCM:ISO

A
B

E. coli

Methanol

A
B

Ethanol:water A
B
DCM:ISO

A
B

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

F. ambigua extracts when tested on Fusarium sp., ethanol : water
extract has no effect on growth of F. culmorum , whereas, all the extracts caused
inhibition in growth of F. udum (Table 3.12). The DCM : ISO extract of 40-days old
F. ambigua was most effective in causing growth inhibition in both the fungal strains.
The 100 µl DCM : ISO extract of F. ambigua resulted in to maximally 8.0 and 3.34
mm inhibition zones in F. udum and F. culmorum, respectively.
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Table 3.10: Antifungal activity of 40-days old and 20-days old N. spongiaeforme
extracts.
Fungal

Extracts

Inhibition zone (mm)

strains
F. udum

25 µl

50 µl

75 µl

100 µl

A

2.0±0.0

2.3±0.5

3.0±0.6

3.7±1.2

B

0.7±0.6

1.7±0.6

3.0±0.0

4.3±0.6

A

1.0±0.6

1.7±0.0

2.3±0.6

2.7±0.6

B

0.7±0.0

1.7±0.0

2.0±0.6

2.3±0.6

A

0.7±0.0

1.3±0.6

2.3±0.6

3.3±1.5

B

0.3±0.6

1.0±0.6

1.7±0.0

3.0±0.6

Ethanol:water A

0.3±0.6

1.0±0.6

167±0.6

2.0±0.6

0.7±0.0

1.0±0.6

2.0±0.6

Methanol

Ethanol:water A
B
DCM:ISO

Methanol

F.
culmorum

B
DCM:ISO

A

3.7±0.0

5.3±1.5

10.7±0.0

11.0±0.6

B

2.7±1.0

5.0±0.6

7.7±1.0

8.3±0.6

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

The DCM : ISO extract of C. vulgaris inhibited the growth of both fungal
strains. At the same time, methanol extract and ethanol : water extracts did not cause
inhibition in growth of F. culmorum (Table 3.13). The application of 100 µl DCM :
ISO extract of C. vulgaris induced 6.3±0.0 and 1.3±0.6 mm inhibition zones in culture
of F. udum and F. culmorum, respectively. Further, the antifungal activities of the
extracts were dependent on amount of extract applied to the culture plate.
All the three extracts prepared from the H. pluvialis showed antifungal
activities when tested on F. udum. In case of F. culmorum, only DCM : ISO extract
showed antifungal activity (Table 3.14). The 100 µl methanol, ethanol : water or
DCM : ISO extracts of H. pluvialis resulted into 6.0±0.6, 4.0±0.0 and 7.3±0.0 mm
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inhibition zones in F. udum. The 100 µl DCM : ISO extract resulted into 3.0±1.0 mm
inhibition zone in F. culmorum.
Table 3.11: Antifungal activity of 40-days old and 20-days old L. mucicola extracts.
Fungal

Extracts

Inhibition zone (mm)

strains
F. udum

25 µl

50 µl

75 µl

100 µl

1.0±0.6

3.0±0.6

5.3±0.0

1.3±0.0

2.7±0.6

4.6±0.6

Ethanol:water A

2.0±0.6

3.0±0.6

4.0±0.6

B

0.7±0.6

2.0±0.6

3.3±0.0

Methanol

A
B

DCM:ISO

F.

0.3±0.0

A

0.7±0.6

2.3±0.0

5.0±0.6

6.3±0.0

B

0.3±0.0

1.3±0.0

3.7±0.6

5.6±0.6

A

0.7±0.6

2.0±0.6

2.7±0.6

4.0±0.6

B

0.3±0.6

0.7±0.0

1.6±0.6

Ethanol:water A

0.3±0.0

1.0±0.6

1.3±0.0

0.3±0.0

0.6±0.0

Methanol

culmorum

B
DCM:ISO

A

1.0±0.6

2.3±1.0

4.3±1.0

5.6±0.0

B

0.7±0.6

1.7±0.6

2.3±0.6

4.0±1.0

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

3.12 Minimum inhibitory concentration (MIC)
The minimum inhibitory concentrations were statistically analysed at p<0.05 level by
using ANOVA. Tables 3.15, 3.16, 3.17, 3.18 and 3.19 show the minimum inhibitory
concentrations of N. spongiaeforme, L. mucicola, F. ambigua, C. vulgaris and H.
pluvialis extracts, respectively.
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Table 3.12: Antifungal activity of 40-days old and 20-days old F. ambigua extracts.
Fungal

Extracts

Inhibition zone (mm)

strains
F. udum

25 µl

50 µl

75 µl

100 µl

A

1.0±0.6

1.3±0.0

2.0±0.7

B

0.7±0.0

1.0±0.6

1.7±0.6

Ethanol:water A

1.0±0.6

1.3±0.1

B

0.3±0.0

1.0±0.6

Methanol

DCM:ISO

F.

Methanol

culmorum

A

4.0±0.6

5.0±0.6

6.3±0.0

8.0±0.6

B

2.7±0.6

4.3±0.0

5.7±0.6

7.7±0.6

0.3±0.0

0.7±0.0

1.0±0.6

0.3±0.0

0.3±0.0

A
B

Ethanol:water A
B
DCM:ISO

A

1.0±0.6

2.0±0.6

3.3±0.6

B

0.3±0.0

1.0±0.6

1.3±0.0

Table 3.13: Antifungal activity of 40-days old and 20-days old C. vulgaris extracts.
Fungal

Extracts

Inhibition zone (mm)

strains
F. udum

Methanol

25 µl

50 µl

75 µl

100 µl

A

1.3±0.0

3.0±0.6

4.0±0.6

4.7±1.7

B

1.0±0.6

2.0±0.6

3.7±0.6

4.3±1.0

0.3±0.0

2.0±0.6

3.0±0.6

1.0±0.6

2.3±0.6

Ethanol:water A
B
DCM:ISO

F.

Methanol

culmorum

A

2.3±0.0

5.0±0.6

6.3±0.0

B

2.0±0.6

3.3±0.6

5.0±0.6

A

0.7±0.0

1.3±0.6

B

0.3±0.0

0.7±0.6

A
B

Ethanol:water A
B
DCM:ISO

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.
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3.13 UV-visible spectra analysis of microalgal extracts
All the extracts prepared from 40-days old and 20-days old culture were analysed for
UV-Visible spectra in range of wave length from 200-750 nm. Among the extracts of
N. spongiaeforme, the highest number of peaks were found in methanol extract (20
major peaks) (Figure 3.10) which was followed by DCM : ISO (9 major peaks)
(Figure 3.11) and ethanol : water extract (3 major peaks) (Figure 3.12).
Table 3.14: Antifungal activity of 40-days old and 20-days old H. pluvialis extracts.
Fungal

Extracts

Inhibition zone (mm)

strains

25 µl

F. udum

Methanol

Ethanol:water

50 µl

75 µl

100 µl

A

1.7±0.6

2.0±0.6

6.0±0.6

B

1.0±0.6

1.3±0.0

4.7±1.0

A

0.3±0.0

1.3±0.0

4.0±0.6

1.0±0.6

2.7±0.6

B
DCM:ISO

Methanol

F.

A

2.0±0.6

4.3±0.0

5.0±0.6

7.3±0.0

B

1.3±0.0

3.0±0.6

4.0±0.6

5.3±1.0

A

0.3±0.0

2.0±0.6

3.0±1.0

B

0.3±0.3

0.7±0.0

1.0±0.0

A
B

culmorum
Ethanol:water

A
B

DCM:ISO

Note: Letters ‘A’ and ‘B’ indicate extracts prepared from 40-days old and 20-days
old culture, respectively.

Spectral analysis of L. mucicola extracts showed 8 major peaks in each
methanol (Figure 3.13) and DCM : ISO extracts (Figure 3.14). However, no peak was
observed in UV-VIS spectra of ethanol : water extract of L. mucicola.
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Table 3.15: Minimum inhibitory concentrations of N. spongiaeforme extracts
prepared from 20-days and 40-days old culture.
Target organisms

20-days old culture
Methanol

Ethanol:

40-days old culture

DCM:ISO

Methanol

water
C. vulgaris

50 µl

50 µl

S. quadricauda

50 µl

25 µl

S. capricornutum

25 µl

100 µl

DCM:ISO

water
75 µl

25 µl

25 µl

25 µl

100 µl

100 µl

75 µl

75 µl

25 µl

-

75 µl

A. variabilis
B. subtilis

Ethanol:

25 µl

100 µl

25 µl

50 µl

25 µl

25 µl

B. pumilus

25 µl

-

E. coli
F. udum

25 µl

F. culmorum

50 µl

50 µl

25 µl

25 µl

25 µl

25 µl

25 µl
50 µl

25 µl

Table 3.16: Minimum inhibitory concentrations of L. mucicola extracts prepared from
20-days and 40-days old culture.
Test organisms

20-days old culture
Methanol

Ethanol:

DCM:ISO

40-days old culture
Methanol

water
C. vulgaris

50 µl

25 µl

S. quadricauda

50 µl

100 µl

S. capricornutum

50 µl

Ethanol:

DCM:ISO

water
100 µl
100 µl

A. variabilis

25 µl

100 µl

25 µl

50 µl

25 µl

50 µl

25 µl

50 µl

50 µl

B. subtilis

75 µl

50 µl

25 µl

100 µl

75 µl

25 µl

B. pumilus

25 µl

50 µl

25 µl

75 µl

50 µl

50 µl

F. udum

50µl

50 µl

50 µl

50 µl

50 µl

25 µl

F. culmorum

75µl

100µl

25 µl

25 µl

75 µl

25 µl

E. coli
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Table 3.17: Minimum inhibitory concentrations of F. ambigua extracts prepared from
20-days and 40-days culture.
Test organisms

20- days old culture
Methanol

Ethanol:

40-days old culture

DCM:ISO

Methanol

water
C. vulgaris

100 µl

S. quadricauda

Ethanol:

DCM:ISO

water

50 µl

75 µl

50 µl

50 µl

50 µl

75 µl

75 µl

75 µl

S. capricornutum

100 µl

50 µl

100 µl

75 µl

100 µl

75 µl

A.variabilis

100 µl

50 µl

25 µl

50 µl

25 µl

25 µl

100 µl

100 µl

50 µl

75 µl

50 µl

25 µl

50 µl

100µl

25 µl

50 µl

75 µl

25 µl

75µl

75µl

B.subtilis
B.pumilus
E. coli
F. udum
F. culmorum

50 µl

Table 3.18: Minimum inhibitory concentrations of C. vulgaris extracts prepared from
20-days and 40-days culture.
Test organisms

20-days old culture
Methanol

Ethanol:

40-days old culture

DCM:ISO

Methanol

water
25 µl

DCM:ISO

water

C. vulgaris

25 µl

S. quadricauda

50 µl

75 µl

S. capricornutum

75 µl

75 µl

A. variabilis

25 µl

100 µl

Ethanol:

25 µl

50 µl

25 µl

25 µl

25 µl

25 µl

50 µl

B. subtilis

50 µl

25 µl

B. pumilus

75 µl

25 µl

-

E. coli
F. udum
F. culmorum

25 µl

75 µl

50 µl
100 µl
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25 µl

75µl

50 µl
75 µl

Table 3.19: Minimum inhibitory concentrations of H. pluvialis extracts prepared from
20-days and 40-days old culture.
Test organisms

20-days old culture
Methanol

Ethanol:

DCM:ISO

40-days old culture
Methanol

water

Ethanol:

DCM:ISO

water

C. vulgaris

25µl

50 µl

50 µl

25 µl

S. quadricauda

50 µl

-

75 µl

25 µl

S. capricornatum

25 µl

50 µl

50 µl

25 µl

A. variabilis

75 µl

50 µl

50 µl

75 µl

50 µl

50 µl

50 µl
50 µl

B. subtilis

50 µl

50 µl

B. pumilus

75 µl

50 µl

E. coli
F. udum

50 µl

F. culmorum

75 µl

25 µl

50 µl

75 µl

75µl

25 µl
75µl

For F. ambigua, the peaks were mostly found in methanol (Figure 3.15) and
DCM : ISO (Figure 3.16) extracts. Ethanol : water extract of F. ambigua exhibited no
spectral peak.
For C. vulgaris, the highest number (7) of peaks were obtained in methanol
extract (Figure 3.17) whereas DCM : ISO extract of the above alga showed 5 major
peaks (Figure 3.18).
The spectral analysis of H. pluvialis extracts showed 8, 1 and 10 peaks in
methanol, ethanol : water and DCM : ISO, respectively (Figures 3.19, 3.20 & 3.21).

3.14 Identification of bioactive compounds using GC-MS
In this study, the selected extracts were further characterized by gas chromatographymass spectrometer (GC-MS). GC-MS analysis of methanol extract of N.
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spongiaeforme revealed 32 compounds. Some of the few compounds were 2,4,4trimethyl-1-hexene, octadecane, 2,6,10-trimethyl-14-ethylene-14-pentadecane, nhexadecanoic acid, 9,12-octadecadienoic acid, 9,12-octadecadienoyl chloride, phytol,
1,2-benzenedicarboxylic acid, mono(2-ethylhexyl)ester and vitamin E. The GC-MS
profile of methanol extract of N. spongiaeforme is given in Figure 3.22A. The active
compounds, molecular formula, molecular weight, retention time (RT) and
concentration (%) are presented in Table 3.20. 1,2-benzenedicarboxylic acid, mono(2ethylhexyl)ester

has the highest concentration of 20.13%, followed by phytol

(13.92%), 9,12-octadecadienoyl chloride (8.64%), 2,6,10-trimethyl, 14-ethylene-14pentadecne (6.39%), octadecane (5.73%) and n-hexadecanoic acid (5.53%).
The 47 compounds were detected in DCM : ISO extract of L. mucicola by
GC-MS analysis (Figure 3.22 B) . The compounds, molecular formula, molecular
weight, retention time (RT) and concentration (%) are presented in Table 3.21. The
compounds, chrysanin (19.10%), succinic acid, di (2-(2-methoxyethyl) hexyl) ester
(14.82%), n-hexadecanoic acid (10.83%), cis-vaccenic acid (8.61%), lactic acid,
pentamethylbenzyl ester (6.44%), phytol (3.90%) and nonadecane (2.88%) were
identified in the extract.
Figure 3.22 C shows the GC-MS chromatogram of DCM : ISO extract of F.
ambigua. Twenty three compounds were retrived from the MS library. The major
constituents, molecular formula, molecular weight, retention time (RT), and
concentration (%) are presented in Table 3.22. The 1,2-benzenedicarboxylic acid,
mono(2-ethylhexyl)ester with percentage composition of 68.65% was the major
compound found in F. ambigua extract followed by heptadecane (10.44%), phytol
(4.16%), nonadecane (3.56%), 2,6,10-trimethyl,14-ethylene-14-pentadecne (1.52%)
and 2-bromodecane (1.23%) were the leading compounds identified.
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Table 3.20: Secondary metabolites and compounds identified from GC-MS analysis
of methanol extract of N. spongiaeforme.
Peak

Name

Mol. formula

Mol. wt.

RT

%

1

2,4,4-Trimethyle-1-hexane

C9H18

126

10.764

2.56

2

Pentadecane

C15H32

212

12.453

1.61

3

Octadecane

C18H38

254

12.944

5.73

4

9-Octadecene,(E)-

C18H36

252

13.483

0.99

5

2,6,10-Trimethyl,14-

C20H38

278

13.999

6.39

C20H40 O

296

14.255

1.59

#

ethylene-4 pentadecne
6

3,7,11,15-Tetramethyl-2hexadecen-1-ol

7

8-Octadecanone

C18H36 O

268

14.375

1.09

8

3,7,11,15-Tetramethyl-2-

C20H40 O

296

14.447

2.34

acid,

C17H32 O2

268

14.688

2.86

Hexadecanoic acid, methyl

C17H34 O2

270

14.880

2.52

C16H30 O2

254

15.092

0.82

C18H28 O3

292

15.146

1.51

hexadecen-1-ol
9

9-Hexadecenoic
methyl ester, (Z)-

10

ester
11

9-Hexadecenoic acid

12

Benzenepropanoic

acid,

3,5-bis(1,1-dimethylethyl)4-hydroxy-methyl ester
13

n-Hexadecanoic acid

C16H32 O2

256

15.255

5.53

14

Dibutyl phthalate

C16H22 O4

278

15.349

1.96

15

9-Eicosene,(E)

C20H40

280

15.525

1.00

16

1,6-Heptadiene,

2-methyl- C14H18

186

15.719

0.23

6-phenyl
17

1,1’-Bicycloheptyl

C14H26

194

16.283

0.19

18

1,2-Epoxyundecane

C11H22 O

170

16.343

0.32

19

9,12-Octadecadienoic acid C18H32 O2

280

16.538

5.24

C18H31 ClO

298

16.608

8.64

C20H40 O

296

16.722

13.92

(Z,Z)
20

9,12-Octadecadienoyl
chloride, (Z,Z)

21

Phytol
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22

Unknown

23

9-Octadecenoic acid (Z)

C18H34 O2

24

Pentadecyl trifluoroacetate

25

Phosphonic

acid,

16.984

6.59

282

17.143

1.11

C17H31F3O2

324

17.380

0.50

C36H75 O3P

586

18.350

0.47

C11H24FO2P

238

18.864

0.31

19.083

0.17

dioctadecyl ester
26

3,7-Dimethyl-1-octyl
methylphosphonofluoridate

27

Unknown

28

Cyclohexanol,

C9H20O2 Si

188

19.802

0.34

C19H36 O3

312

19.937

0.99

C16H22 O4

278

20.412

20.13

4-[(trimethylsilyl)oxy]-,cis
29

Octadecanoic acid, 3-oxo-,
methyl ester

30

1,2-Benzenedicarboxylic
acid,

mono(2-ethylhexyl)

ester
31

3-Eicosene, (E)-

C20H40

280

21.461

0.47

32

Vitamin E

C29H50 O2

430

26.857

1.89

Table 3.21: Compounds identified from GC-MS analysis of DCM : ISO extract of L.
mucicola.
Peak

Name

Mol. formula

RT

%

102

5.564

1.80

C10H19 NO

169

6.014

0.34

C11H16 O2

180

10.716

0.17

130

11.036

0.58

346

12.384

6.03

#
1

Mol.
weight

2(3H)-Furanone, dihydro-4- C4H6O3
hydroxy-

2

1-(2Tetrahydrofurylmethyl)piperi
dine

3

2(4H0Benzofuranone,5,6,7,7atetrahydro-4,4,7a-trimethyl-

4

Butanoic

acid,

2-ethyl-2- C7H14O2

methyl5

Succinic acid, di(5-methoxy- C18H34 O6
3-methylpent-2-yl) ester
62

6

Nonadecane

C19H40

268

12.456

2.88

7

Nonadecane

C19H40

268

12.934

0.62

8

Tetradecanoic acid

C14H28 O2

228

13.182

1.05

9

2-Methoxybenzyl

C9H9NOS

179

13.732

0.58

C7H14O2

130

13.850

0.11

278

13.996

1.05

C18H36 O

268

14.067

0.28

C20H40 O

296

14.252

0.33

C20H40 O

296

14.443

0.35

C10H16

136

14.632

0.83

isothiocyanate
10

5-Methylhexanoic acid

11

2,6,10-Trimethyl,

14- C20H38

ethylene-14-pentadecne
12

2-Pentadecanone,6,10,14trimethyl

13

3,7,11,15-Tetramethyl-2hexadecen-1-ol-

14

3,7,11,15-Tetramethyl-2hexadecen-1-ol-

15

Bicyclo[4.1.0]hept-2ene,3,7,7-trimethyl-

16

1-Hexadecanol

C16H34 O

242

14.866

0.31

17

9-Hexadecenoic acid

C16H30 O2

254

15.083

1.23

18

n-Hexadecanoic acid

C16H32 O2

256

15.267

10.83

19

Unknown

15.866

0.38

20

Phytol

C20H40 O

296

16.722

3.90

21

cis-Vaccenic acid

C18H34 O2

282

16.959

8.61

22

9-Octadecenoic acid (Z)-

C18H34 O2

282

17.144

0.75

23

Succinic acid, hexadecyl 5- C27H52 O5

456

17.908

1.22

C10H16 O3

184

18.702

0.16

C11H24FO2P

238

18.871

0.12

370

19.168

0.58

278

19.294

0.15

402

19.481

14.82

methoxy-3-methylphenyl
ester
24

1,5-Hexadiene-3-carboxylic
acid,

1-methoxy-5-methyl-,

methyl ester,(E)25

3,7-Dimethyl-1-octyl
methylphosphonofluoridate

26

Hexanedioic

acid,

bis(2- C22H42 O4

ethylhexyl) ester
27

2,6,10-Trimethyl,14-

C20H38

ethylene-14-pentadecne
28

Succinic

acid

di(2-(2- C22H42 O6

63

methoxyethyl)hexyl) ester
29

Cyclohexaneacetic

acid, C13H24 O2

212

19.805

0.14

19.926

0.37

456

20.260

2.98

.alpha.-methyl-.alpha.propyl-,methyl ester
30

Unknown

31

Succinic acid, hexadecyl 5- C27H52 O5
methoxy-3-methylphenyl
ester

32

1,2-Benzenedicarboxylic acid

C24H38 O4

390

20.412

1.34

33

10-Methylnonadecane

C20H42

282

20.686

0.15

34

Decane, 2,3,8-trimethyl-

C13H28

184

21.449

0.12

35

Succinic acid, dodecyl 2-(2- C25H48 O5

428

21.712

1.24

C30H58 O4

482

22.302

0.15

Succinic acid, 5-methoxy-3- C20H38 O5

358

22.598

0.47

410

22.683

0.34

233

23.050

0.31

9999

23.289

0.54

acid, C15H22 O3

250

24.035

6.44

methoxyethyl)hexyl ester
36

Decanedioic

acid,

didecyl

ester
37

methylphenyl nonyl ester
38

2,6,10,14,18,22-

C30H50

Tetracosahexaene,
2,6,10,15,19,23-hexamethyl39

2-piperidinone, N-[4-bromo- C9H16BrNO
n-butyl]-

40

Hahnfett

41

Lactic
pentamethylbenzyl ester

42

.beta.-Tocopherol

C28H48 O2

416

24.825

0.23

43

Diallylphenylmethylsilane

C13H18Si

202

24.896

0.13

44

1,6-

C16H34 O2Si2

314

25.236

1.28

Bis[methyl(tetramethylene)si
lyloxy] hexane
45

Chrysanin

C20H24 O5

344

25.460

19.10

46

Chrysanin

C20H24 O5

344

25.665

3.18

47

Ergosta-7,22-Dien-3-ol,

C18H46 O

398

30.924

1.44

(3.beta.,22E)-
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Table 3.22: Compounds identified from GC-MS analysis of DCM : ISO extract of F.
ambigua.
Peak

Name of compounds

Mol. formula

#

Mol.

RT

%

weight

1

Nanodecane

C19H40

268

12.454

3.56

2

Heptadecane

C17H36

240

12.937

10.44

3

2-Bromododecane

C12H25 Br

248

13.393

1.23

4

2,6,10-Trimethyl,

C20H38

278

14.000

1.52

C20H40 O

296

14.448

0.67

15.075

0.91

14-ethylene, 14-pentadecne
5

3,7,11,15-Tetramethyl-2hexadecan-1-ol

6

Unknown

7

n-Hexadecanoic acid

C16H32 O2

256

15.256

1.48

8

Dibutyl phthalate

C16H22 O4

278

15.350

1.34

9

1,2-Benzenedicarboxylic

C20H30 O4

334

15.550

0.82

C20H40 O

296

16.727

4.16

18.022

0.17

acid, butyl 2-ethylhexyl ester
10

Phytol

11

Unknown

12

Butyl-2-ethylhexyl phthalate

13

Hexanedioic

C20H26 O4

330

18.094

0.12

bis(2- C22H42 O4

370

19.168

0.74

2,4,bis(1- C22H22 O

302

19.508

0.58

2,4,bis(1- C22H22 O

302

19.633

0.45

C20H28 O2

300

19.783

0.49

acid,

ethylhexyl)ester
14

Phenol,
phenylethyl)

15

Phenol,
Phenylethyl)

16

1-Phenanthrenecarboxylic
acid,

1,2,3,4,4a,9,10,10a-

octahydro-1,4a-dimethyl-7(1-methylethyl)-,
17

1-Tridecanol

C13H28 O

200

19.925

0.25

18

1,2-Benzenedicarboxylic acid

C24H38 O4

390

20.051

0.86

19

1,2-Benzenedicarcoxylic

C16H22 O4

278

20.454

68.65

C12H25 Br

248

20.688

0.10

acid,

mono(2-ethylhexyl

)ester
20

2-Bromo dodecane

65

21

2,4,6-Tris-(1-phenylethyl)-

C30H30 O

406

25.448

0.45

C30H30 O

406

25.695

0.48

C29H50 O2

430

26.862

0.63

phenol
22

2,4,6-Tris-(1-phenylethyl)phenol

23

Vitamin E

The above results suggested that the three tested cyanobacteria possess several
metabolites and compound with known bioactivities. The microalgae can be used as a
cell factory for the synthesis of valuable compounds and pharmaceuticals.
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CHAPTER 4

DISCUSSION
There is a current tendency towards bioactive natural products with
applications in various industries, such as pharmaceutical, biomedical,
cosmetics and food. Extensive literature on the health benefits and uses as
food or as drug of brown, red and green algae was published in the last decade
(Laurienzo, 2010; Albuquerque et al., 2013; Fedorov et al., 2013; Wang et al.,
2014; de Jesus Raposo et al., 2015).
The present thesis is focused on the isolation, characterization and
bioactivity tests of freshwater microalgae including two green unicellular
algae and three cyanobacteria. The test microalgae were analyzed for main
secondary metabolites; lipophilic and hydrophilic extracts were examined for
their bioactive properties. Further, efforts were made to make GC-MS finger
prints of selected cyanobacteria.
Primary metabolites are of prime importance and essentially required
for growth of plants (Jayaraman, 1981). The present work analysed the basic
primary metabolites like protein, sugar, lipid, chlorophyll a and carotenoids.
Different microalgae varied in composition of primary metabolites contents.
The highest protein content was found in green alga C. vulgaris.
Contrary to our result, Srinivasan et al., (2012); Dinesh et al., (2007) and
Anitha et al., (2008) reported relatively low protein content in green algae

compared to cyanobacteria. The presence of higher protein levels in the algae
points towards their food values or that a protein base bioactive compound
could also be isolated in future (Thomsen et al., 1991).
Our results showed that sugar content in the test microalgae ranges
from 43 to 63 µg ml-1; the maximum level of sugar was recorded in green alga
C. vulgaris. Brown and Jeffrey (1992) reported sugar level ranging from 5.9 to
16.7 % in Chlorophyceae.
According to Gatenby et al. (2003) the changes in lipid content and
lipid classes have been observed as a function of algal growth stage,
composition of growth medium, abiotic stress and other prevailing
environmental conditions. In the present study highest lipid content (4.4%
DCW) was found in green alga H. pluvialis. Damiani et al. (2010) has
reported total lipid content in H. pluvialis as 15.61% DCW, however, above
study also showed that under continuous high light intensity the lipid content
increases as 34.85% DCW. In present study the fatty acid profiling was not
attempted, Damiani et al. (2010) showed that H. pluvialis possesses 47.23%
polyunsaturated fatty acids. Due to high lipid content, this alga may find
application as biodiesel feedstock. Among the tested microalgae, the highest
chlorophyll a and carotenoid contents were obtained in green algae H.
pluvialis and C. vulgaris, respectively.
Phytochemical screening of microalgae revealed the presence of amino
acids, proteins, sugars and saponins in all the tested microalgae whereas other
compounds were present in specific species. Alkaloids, flavonoids, tannins
and saponins have medicinal properties (Sofowara, 1993). Steroids were found
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only in L. mucicola. At the same time, the terpenoids was present in
cyanobacterium N. spongiaeforme. Alkaloids were detected in L. mucicola and
C. vulgaris. Alkaloids commonly show antimicrobial properties (Omulokoli et
al., 1997). The antifungal, antiviral and antibacterial activities of saponins are
also well documented (Lacaille-Dubois and Wagner, 1996; Milgate and
Robert, 1995).
The present study has clearly shown the potential antimicrobial activity
of cyanobacteria and green algae. Though the extracts prepared in different
solvents showed variation in their inhibition properties, we have observed the
potential pharmacological properties which may be taken up for further
pharmacological applications. We have demonstrated presence of antialgal,
anticyanobacterial, antibacterial and antifungal in test microalgae.
Antialgal activity of the cyanobacteria has been principally observed in
diverse genera such as Anabaena sp., Microcystis sp. (Lam and Silvester
1979), Calotrix sp., Fischerella sp., Nostoc sp. (Smith and Doan, 1999),
Nodularia sp. (Volk, 2005, 2006) and Phormidium sp. (Jaiswal et al., 2005).
The antialgal and anticyanobacterial activity in N. spongiaeforme may
be attributed to compounds like nostocyclamide, nostocine A, 4,4’dihydroxybiphenyl,

nostocarboline,

crytophycin-A,

nestodione-A,

cyanobacterins, etc. (Vepritskiĭ et al., 1990; Todorova, et al., 1995; Hirata et
al., 1996; Hirata et al., 2003; Volk 2005). Nostocine A is a triazinone
compound isolated from N. spongiaeforme and possesses phytotoxic activity
against Anabaena sp., N. commune, Oscillatoria sp. and green algae Chlorella
sp. and Dunaleilla sp. (Hirata et al., 1996). In another study, Nostoc sp.
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extracts showed inhibition in growth of Nannochloris sp., Ankistrodesmus sp.
and Scenedesmus sp. (Volk 2005). Volk (2005) also reported the isolation of
bioactive compound 4,4’-dihydroxybiphenyl from N. insulare which has
algicidal property. Algicidal compound nostocarboline, an alkaloid, was
identified from the extracts of Nostoc 78-12A. This compound has the
inhibitory effect on growth of Kirchneriella sp., Microcystis sp. and
Synechococcus sp. (Blom et al., 2006). Gromov et al. (1991) and Vepritskiĭ et
al. (1990) reported that Nostoc sp. possesses algicidal compounds like
crytophycin-A and nestodione-A, hexapeptides, cyanobacterin LU-1 and LU2. Compounds isolated from cyanobacteria act on the photosynthetic electron
transport chain (ETC), proton coupling, pigment synthesis and photo-oxidative
effects and synthesis of amino acids (Böger and Sandmann, 1993). It also
reacts with cell membrane molecules thereby inhibiting the growth (Spassova
et al., 1995).
Interestingly, the extract prepared in ethanol : water stimulated the
growth of S. quadricauda and S. capricornutum. Our observation is in
corroboration with an earlier report on stimulation of growth of few
phytoplankton treated with extracts prepared from cyanobacteria (Lopes and
Vasconcelo, 2011). We are yet unable to explain above stimulatory
mechanisms. Results of anti-algal assays of extracts prepared with different
solvents suggested that stimulation or inhibition of growth is not solvent
specific, but a target (species) specific.
The antibacterial activities of test microalgae were studied using three
widely used bacterial strains B. subtilis, B. pumilus and E. coli. Extracts of N.
spongiaeforme caused inhibition in growth of target bacterial strains. The
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above results suggested antibacterial activities in N. spongiaeforme. Similar to
present study, Madhumathi et al. (2011) has reported growth inhibition of B.
subtilis by the extract of cyanobacteria O. latevirens and L. martensiana.
Methanol extract of Nostoc sp. showed the growth inhibition of B.
subtilis (17%) (Salem et al., 2014). Previous studies have also demonstrated
that N. commune extract prepared in methanol inhibited the growth of
Staphylococcus sp., B. subtilis, B. cereus, B. pumilus and E. coli (Kaushik et
al., 2008). The antibacterial activity of Nostoc CCC 537 due to naphthalene is
reported by Asthana et al. (2009). The naphthalene and anthraquinone having
antibacterial properties were isolated from N. commune (Jaki et al. 2000).
Carbamidocyclophanes, an antibacterial compound, has been isolated from
Nostoc sp. 31 (Bui et al., 2007).
Our present study has clearly shown antifungal activity in N.
spongiaeforme. Similar to present study, antifungal activity of terrestrial
cyanobacterium N. commune was demonstrated against the C. albicans (Cano
et al., 1990; Mule et al., 1991). The growth of F. oxysporium was inhibited by
methanol extract of N. commune (Kim, 2006). Salem et al. (2014) reported the
growth inhibition of A. niger by Nostoc sp. extract. The antifungal compounds
nostofungicidine and hexadecatrienoic acid have been isolated from N.
commune (Desbois et al., 2009). The Nostoc sp. has been reported to show
antitumor activity due to presence of polysaccharides (Takenaka et al., 2004).
Nostoflan, a novel antiviral polysaccharide was isolated and characterized
from N. flegelliforme which exhibited a potent antiherpes simplex virus type A
(HSV-1) activity (Kanekiyo et al., 2005).
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The results showed inhibitory effect on the growth of C. vulgaris by
ethanol : water extract of L. mucicola. Similar to results obtained in the
present study, the growths of green algae Chlamydomonas sp., Ulothrix sp.
and Chlorella sp. were inhibited by Lyngbya sp. extract due to the presence of
pahayokolide A.
Further, we found that the extracts of L. mucicola inhibited the growth
of A. variabilis and Bacillus strains. The above results are similar to studies of
Berry et al. (2004), Ghazala et al. (2010) and Madhumathi et al. (2011) who
found antibacterial activities in Lyngbya sp. extracts.
In addition to antibacterial activity, we found antifungal activities in
extracts of L. mucicola. Similar to our finding, Madhumathi et al. (2011) have
reported that methanol extract of L. martentiana has antifungal properties. L.
confervoides has been also reported for its antifungal activities against
Candida sp. due to the presence of lipopeptides, lobocyclamide A and B and
tanikolide (Singh et al., 1999; Macmillan et al., 2002). Different fatty acids
have been detected from Lyngbya sp. having antifungal activities (Ghazala et
al., 2010). Luesch et al. (2000) detected apratoxin A in L. majuscule showing
antimicrobial activity and which also possessed cytotoxicity against human
tumor cell lines. Lyngbouilloside- A glycosidic macrolide, was characterized
from the marine cyanobacterium L. bouillonii (Tan et al., 2002).
In present study, the extracts of F. ambigua inhibited the growth of C.
vulgaris, S. capricornutum and A. variabilis suggesting about the presence of
antialgal and anticyanobacterial activities. Fischerella sp. are known to
produce indole alkaloids, such as hepalindole A, which possess algicidal
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properties (Etchegaray et al., 2004). Also, a hapalindole bioactive compound
12-epi-hapalindole F has been isolated from a Fischerella strain and shows
anticyanobacterial activities (Etchegaray et al., 2004). Other compounds like
fischerellin A obtained from Fischerella sp. is a potent inhibitor of oxygenic
photosynthetic organisms and act at photosynthetic electron transport chain
(Flores and Wolk 1986). Another algaecidal compound fischerellin B has
isolated from Fischerella sp. (Papke et al., 1997). Polychlorinated aromatic
compounds ambigol A, B and C isolated from F. ambigua have antimicrobial,
antiviral and antiprotoazoal properties (Falch et al., 1993; Wright et al., 2005).
The γ-linolinic acid produced by Fischerella sp. exhibited antibacterial
activity against E. coli, E. aerogenes, P. aeruginosa, S. typhi and S. aureus
(Asthana et al., 2006).
Extracts of F. ambigua inhibited the growth of F. udum and F.
culmorum indicating about antifungal activities. Smitka et al. (1992) reported
the presence of antifungal compound ambiguine A-F isonitriles in F. ambigua.
Becher and Juettner (2006) have detected antifungal compounds like
hapalindole G and H from the extract of Fischerella sp. which possessed
antifungal properties. Sixteen cyanobacterial compounds belonging to group
hapalindole and fischerindole alkaloids have been isolated from Fischerella
sp. (Moore et al., 1984, 1987; Schwartz et al., 1987; Park et al., 1992;
Stratmann et al., 1994; Klein et al., 1995).
The unicellular green algae C. vulgaris contain many bioactive
substances with medicinal properties (Plaza et al., 2009). In present study we
found that C. vulgaris extracts have antibacterial activities. Some previous
studies have also found antibacterial activities in Chlorella sp. extracts
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(Vijayavel et al., 2007; Morris et al., 2007). The antibacterial activity is
mainly due to compound chlorellin.

We did not find the significant

antibacterial activity in C. vulgaris extract when tested over E. coli. It shows
that E. coli was resistant to algal extracts. Contrary to our finding Uma et al.
(2011) has demonstrated the antibacterial activity in extracts of C. vulgaris
against E. coli.
We observed that DCM : ISO extract of H. pluvialis inhibited the
growth of B. subtilis and B. pumilus. Along with asthaxanthin, different
compounds with antibacterial, antiviral and antifungal activities have been
isolated from Haematococcus sp. (Borowitzka, 1999; Cohen, 1999; Grima et
al., 2003; Mendes et al., 2003). Fatty acids like, butanoic acid and propanoic
acid and 2-hydroxy, methyl ester have been reported as potential antimicrobial
compounds isolated from H. pluvialis (Benkendorff et al., 2005). Santoyo et
al. (2009) reported antimicrobial activity of hexane and ethanol extracts of H.
pluvialis against E. coli and S. aureus.
We showed that DCM : ISO extract of C. vulgaris and H. pluvialis
were effective against fungal target organisms. Our results supported the other
reports showing antifungal activities in green algae (Ghasemi et al., 2004;
Abedin and Taha, 2008; Santoyo et al., 2009; Amaro et al., 2011; Salem et al.,
2014). The main compounds responsible for above antifungal activities were
claimed to be butanoic acid, methyl lactate, indoles, terpenes, acetogenins,
phenols, fatty acids and volatile halogenated hydrocarbons (Smulders et al.,
1986; Cherrington et al., 1991; Mayer and Hamann, 2005; Cardozo et al.,
2006).
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Crude extract analysis of the microalgal species using gas
chromatography-mass spectrometry (GC-MS) had revealed several important
organic volatile compounds as fatty acids in this study. Similar to our findings,
it was reported that heptadecane (39.70%) and tetradecane (34.61%) are the
principal volatile components of S. platensis (Al-Wathnani et al., 2012). Also,
the volatile components like heptadecane and tetradecane are reported from
other microalgae (Ozdemir et al., 2004). Often, the antibacterial activity is
correlated to volatile components.
Salem et al. (2014) has reported heptadecane (12.56%) from
cyanobacterial extracts. In agreement to above report, we also detected
heptadecane (10.44%) in F. ambigua extract.

This compound has been

reported from other algae and higher plants and is known for its anticancer,
antioxidant and antimicrobial activities (Lee et al., 2007; Mishra and Sree,
2007). Kannan et al. (2010) have identified antimicrobial compounds like fatty
acids, acrylic acid, halogenated aliphatic compounds, terpenes, sulphur
containing heterocyclic compounds, carbohydrates and phenols in E.
acoroides. In the present study similar chemical components have been also
detected. The above compounds may have attributed for the antimicrobial
activities in extracts of the test microalgae.
GC-MS analysis showed the presence of 1,2-benzenedicarboxylic acid
in methanol extract of N. spongiaeforme and DCM : ISO extract of F.
ambigua. The 1,2-benzenedicarboxylic acid possess anti-inflamatory (Li et al.,
2004) and antibacterial activities (Modupe et al., 2010; Singh et al., 2012).
The presence of phytol (13.92%) in methanol extract of N. spongiaeforme is
similar to the finding of Salem et al. (2014). Plaza et al. (2009) also reported
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the presence of volatile compounds like phytol and neophytadiene from the
GC-MS analysis of extracts of S. platensis, D. salina and Phormidium sp.
Vitamin E was also identified in the extracts of F. ambigua and N.
spongiaeforme. Octadecane was present in methanol extract of N.
spongiaeforme. The characterization and isolation of octadecane was also
reported from algae and plants by Lee et al. (2007) and Mishra and Sree
(2007).
Fatty acid butanoic acid, an

antimicrobial compound, was found in

extract of Lyngbya sp. This compound was also reported from other
microalgae like H. pluvialis (Rodríguez-Meizoso et al., 2010).
Few other compounds identified by GC-MS were 2,6,10-trimethyl,14ethylene-14-pentadecane and 1,2-Benzenedicarboxylic acid. The above
compounds are well known for antibacterial activities (Singh et al., 2012).
Diterpenoid, isolated from N. commune, was earlier identified to have an
antibacterial activity (Jaki et al., 1999).

Conclusions
I.

The test microalgae showed antibacterial, antifungal, antialgal and
anticyanobacterial activities.

II.

The bioactivities varied with nature of solvent systems used for the
extraction. Among the three extracts, lipophilic (DCM : ISO) extract
was more inhibitory to the most of target species.
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III.

Bioactive properties depended on the growth phase of test microalgae.
Stationary phase culture possess higher bioactivities compared to
growing culture.

IV.

GC-MS analysis revealed the presence of several compounds with
known pharmaceuticals and medicinal properties.

V.

The unicellular microalgae and cyanobacteria can be used as cell
factory for the synthesis of antibacterial, antifungal, antitumor as well
as other value-added compounds.

VI.

Further research are required to isolate the metabolites from the
extract, and study the molecular mechanisms of their action on
bacteria, fungi and other pathogens.
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ABSTRACT: A freshwater microalga, Nostoc sp. isolated from Tamdil Wetland of
Mizoram was tested for its algicidal, antibacterial and antifungal activity. Extracts were
prepared with methanol, ethanol:water and dichloromethane:isopropanol and tested for
their antimicrobial activity against nine microorganisms comprising of three
chlorophycean algae (Chlorella vulgaris, Scenedesmus quadricauda and Selenastrum
capricornatum), one cyanobacterium (Anabaena variabilis) three bacterial strains
(Bacillus subtilis, Bacillus pumilus and Escherichia coli) and two fungal strains
(Fusarium udum and Fusarium culmorum). Among the three extracts tested the methanol
extract was found most effective on algal test organisms. The highest (60%) inhibitory
effect was observed against A. variabilis by methanol extract followed by 31% inhibition
by dichloromethane:isopropanol. When tested on bacterial strains, the highest inhibition
zone (23.67±1.58mm) was observed in B. subtilis by dichloromethane:isopropanol
extract followed by ethanol:water extract. In case of fungal activity, the highest inhibition
zone (11.00±0.58mm) was observed in F. culmorum by dichloromethane:isopropanol
extract and the rest of the extracts showed almost similar effect. MICs of each extract on
all the organisms varied. The extracts were further analysed by UV-VIS
Spectrophotometer, which reveals the presence of active compounds. Among the three
extracts, methanol indicated the highest percentage inhibition and also obtained highest
absorption spectra. So, this extract was analysed by GC-MS and we identified the
presence of main components in the extract as 1,2-Benzenedicarboxylic acid, mono(2ethylhexyl) ester, Phytol, n-Hexadecanoic acid, 9,12-Octadecadienoic acid, etc. Further
study for purification of the potent compound will explain their usefulness in
pharmaceutical and biotechnological industry.

INTRODUCTION: Cyanobacteria or blue-green
algae are morphologically diverse group of
prokaryotic, photosynthetic organisms that flourish
in diverse type of habitats. The evolutionary history
of this group of organisms dates back to the
Proterozoic era 1. Most species of cyanobacteria are
free-living, freshwater, marine or terrestrial and
symbionts in association with other plants and
lichens.
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Due to their occurrence in diverse habitats, these
organisms are excellent material for investigation
by the ecologists, physiologists, biochemists,
pharmacists and molecular biologists. Many
metabolites with a diverse range of bioactivities
have been reported in cyanobacteria 2.
These metabolites probably originated in
cyanobacterial mats and were presumably
responsible for regulation of communities.
Productions of these metabolites are highly species
and even strain dependent 3. Various strains of
cyanobacteria are known to produce intracellular
and extracellular metabolites with diverse
biological activities, such as antialgal, antibacterial
and antiviral 4. Antimicrobial activity depends on

International Journal of Pharmaceutical Sciences and Research

1000

Devi and Mehta, IJPSR, 2016; Vol. 7(3): 1000-13.

both algal species and the solvents used for their
extraction 5, 6. Screening of cyanobacteria and algae
for antibiotics and other pharmacologically active
compounds has received considerable attention
during the past few decades 7.
Nostoc has been shown as a good source of
antifungal, algicide and cytotoxic metabolites 8.
Many different bioactive substances mainly
peptides, alkaloids and phenolics have been
identified in Nostoc species 9. Cryptophycin-A and
nostodione-A, which inhibit microtubule assembly
and cyanovirin-N, which has anti-HIV property are
detected in Nostoc strains 10. ‘Cyanobacterin’ LU-1
and LU-2 have also been reported from Nostoc
linckia CALA 892 and 893, respectively.
Cyanobacterial metabolite known as algicide acts
as light reactions of photosynthesis 11. Flores and
Wolk identified one species, Nostoc species 31, as
good source of an anticyanobacterial compound
named nostocyclamide 12. This compound inhibited
the growth of several cyanobacteria and
chlorophyceans. The application of bioactive
compounds derived from algae will prove
beneficial and much more effective as compared
with traditional treatment methods 13. Analytical
methods play important roles in the discovery,
development and manufacture of bioactive
compounds 14.
The aim of the present study was to determine the
antimicrobial activity of Nostoc extracts against
algae, bacteria and fungi. Furthermore, GC-MS
autogram for Nostoc sp. extracts was employed for
preliminary detection of active constituents.
MATERIALS AND METHODS:
Culture and growth condition:
The Nostoc sp. was collected from Tamdil Wetland
of Mizoram, India. It was isolated on agar plates by
using standard methods of isolation and
purification 15 and was grown axenically in 250-ml
Erlenmeyer flasks containing 100 ml Chu-10
medium 16 at pH 7.0±0.2 in an air-conditioned
culture room under the photoperiod of 12 hrs.
Cultures were hand-shaken thrice daily with an
interval of 2-3 hrs. The pure culture of Nostoc, is
deposited at the Microalgal Culture Collection of
Mizoram University (Accession No. MZUCC029).
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Determination of specific growth rate, protein,
chlorophyll a and carotenoid:
The growth rate of Nostoc was determined by
spectrophotometric method and the specific growth
rate was calculated according to Guillard 17. 150 ml
medium was inoculated to give final absorbance of
0.2 at 440 nm. The culture was kept under light for
16 days and at regular interval, 5 ml culture was
removed and protein, chlorophyll a and carotenoids
were determined. The protein content of the Nostoc
was determined by Lowry’s method using the
standard BSA 18. Quantitative estimation of
chlorophyll a and carotenoid were performed by
the method of Mackinney and Myers and Krantz 19,
20
. The cells were harvested by centrifugation and
the pellet was suspended in 5 ml of 80% acetone.
After overnight incubation in dark, the pellets were
separated and the absorbance of the supernatant
was measured at 665 and 480 nm using UV-VIS
Spectrophotometer (Systronics, India, model: 117).
The chlorophyll a and carotenoid were quantified
as per the formula given below:

Where, α is the absorption coefficient (82.04
Chlorophyll a and 200 for Carotenoid), D is
optical density, d is the inside path length of
spectrophotometer in cm (1cm) and C is
concentration of pigment in gl-1.

for
the
the
the

Estimation of Lipid content:
0.06 g fresh weight of Nostoc was washed with
0.2% NaCl. The pellet was collected and suspended
in 5 ml hot isopropanol. It was boiled for 3 min in
order to inactivate the lipase activities. After
cooling, the suspension was mixed with 5 ml
chloroform and kept for 12 hrs at room
temperature. 10 ml of water was added and the
mixture was vortexed for 30 seconds. The lower
chloroform phase was collected. Chloroform was
completely evaporated in a vacuum oven. 2 ml of
acid dichromate reagent (stock) was added. After
being heated for 30 min, 10 ml of water was added.
Absorbance was recorded at 430 nm as previously
described by Kalacheva et al., 21.
Estimation of Sugar content:
0.01g dry weight of Nostoc was mixed with 3 ml of
80% hot ethanol and kept at room temperature for
30 min. Subsequently, it was centrifuged at 5000 g

International Journal of Pharmaceutical Sciences and Research

1001

Devi and Mehta, IJPSR, 2016; Vol. 7(3): 1000-13.

for 10 min. Then, the supernatant was collected and
used for estimation of soluble sugar contents as
described by Gerhardt et al., 22.
Preparation of extracts:
The stationary phase culture was used for
extraction of metabolites. After biomass was
separated by centrifugation (4000 g for 10 min), the
pellet was collected in a flask containing sterile
Milli-Q water and kept at room temperature for 48
hrs to further stimulate the synthesis of secondary
metabolites. Subsequently, the biomass was freeze
dried at -20°C for 24 hrs 23. 0.5g freeze dried
biomass was suspended in 10 ml of methanol and
the cells were ruptured by ultrasonication
(Sartorius, Germany; model: BBI 8535108) for 30
sec. The residues were separated by passing
through Sephadex G column. The filtrates were
used as methanol (100%) extract. Two other
extracts, ethanol:water; 3:7 (v/v) and then
dichloromethane:isopropanol; 1:1 (v/v) were also
prepared from the remaining biomass.
Test Microorganisms
Three
green
algae
(Chlorella
vulgaris,
Scenedesmus quadricauda and Selenastrum
capricornatum), one cyanobacterium (Anabaena
variabilis), two gram positive bacteria [Bacillus
subtilis (strain ATCC11774)], Bacillus pumilus
[(strain ATCC14884)] and one gram negative
bacteria [Escherichia coli (strain ATCC10536)]
and two fungi (Fusarium udum and Fusarium
culmorum) were used as target organisms for
testing bioactivities. Algae were grown axenically
in Chu-10 medium whereas bacterial strains were
incubated in nutrient broth medium and fungal
strains were grown in potato dextrose agar (PDA)
medium. Unless specified, throughout the study
actively growing cultures of the organisms were
used for various tests.
Tests for Bioactivities:
Algicidal assay:
Algal cultures of Chlorella vulgaris, Scenedesmus
quadricauda, Selenastrum capricornatum and
Anabaena variabilis were used to test potential
bioactivities of Nostoc extracts. Different
concentrations ranging from 25µl to 100 µl of the
extracts were added separately to 3 ml culture of C.
vulgaris, S. quadricauda, S. capricornatum and A.
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variabilis (in triplicate each). After 4 days of
incubation in light, the absorbance was recorded at
684 nm for C. vulgaris, 440 nm for S. quaricauda
and S. capricornatum, and 417 nm for A. variabilis
using spectrophotometer (Systronics, India, model:
117). Specific growth rate was calculated for
treated and untreated cultures.
Anti-bacterial assay:
The antibacterial activities of different extracts
were also tested using agar well diffusion assay as
described 24. Briefly, bacterial strains were
inoculated in nutrient broth medium and then
incubated at 35°C for 24 hrs. 0.5 ml of bacterial
suspension was poured on sterilized nutrient agar
plates and spread uniformly by using L-shape
spreader.
Plates were punched to make a well of 6 mm
diameter with the help of sterile cork borer.
Different concentrations (25µl, 50µl, 75µl and
100µl) of extracts were pipetted into the well and
plates were incubated overnight at 35°C in an
incubator. All the tests were done in triplicates. The
plates were observed for the inhibition zone after
48-72 hrs.
Anti-fungal assay:
For antifungal assay, disc diffusion method was
performed 25. The fungal strains, (Fusarium udum
and Fusarium culmorum) were inoculated on sterile
petri dishes containing 10 ml of potato dextrose
agar medium. The filter paper (8 mm diameter)
were impregnated with 25µl , 50µl , 75µl and
100µl of the extracts and placed onto the agar
plates previously inoculated with the fungal
cultures by using a flamed forcep followed by
gently pressing down to ensure contact 26. The
plates were incubated at 30oC for 48 hrs, and
diameters of the inhibition zones were measured.
Determination
of
Minimum
Inhibitory
Concentration (MIC):
Minimum inhibitory concentration (MIC) of
different extracts was also evaluated using different
concentrations (25μl, 50 μl, 75 μl and 100 μl) of the
extracts against the selected microorganisms. These
tests were done to determine the lowest
concentration of algal extract that inhibits the
growth of other organisms.
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UV-Visible Spectrophotometric Analysis:
The absorption spectra of methanol, ethanol:water
and dichloromethane:isopropanol extracts of
Nostoc were determined using UV-Visible
Spectrophotometer (HITACHI
U4100L). The
wavelength ranged from 200 to 750 nm 27.
GC-MS analysis of Nostoc extract:
Nostoc sp. crude methanol extract was dissolved in
chloroform at the concentration of 10mg/ml and
was analysed by GC-MS-QP2010 Plus (Shimadzu,
Japan). For GC-MS detection, an electron
ionization system with ionization energy of 70 eV
was used, we used helium as the carrier gas at a
constant flow rate of 1.21 mL/min. The injector and
MS transfer line temperature was set at 250ᵒC and
260ᵒC, respectively 28. Compounds were identified
based on the comparison of their relative retention
time and mass spectra with those of the NIST,
WILLY library data of the GC-MS system.
Statistical Analysis: The data obtained from the
study were analysed statistically using the Analysis
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of Variance (ANOVA). The test was performed
using Statistica 5.0 software at p<0.05 significant
level.
RESULTS:
Growth pattern and determination of protein,
chlorophyll a, carotenoid, lipid and sugar
contents: The growth pattern of Nostoc species
was determined by recording the absorbance of
culture at 440 nm ( Fig. 1). The growth of culture
remain active upto 20 days, then entered into the
stationary phase. The level of protein, chlorophyll a
and carotenoid were found to be elevating till the
stationary phase ( Fig. 2) and monitored during the
course of 15 days growth period. The general
biochemical profile including fresh- and dryweights, lipid content, protein content, sugar
content, and photosynthetic parameters (Fv/Fm,
Y(II), qP, qL, NPQ) are given in Table 1. The
total protein, lipid and sugar contents were
measured to be 0.148 mg ml-1, 261.7 mg g-1 dry
weight, 176.00 mg g-1 dry weight, respectively.

FIG. 1: GROWTH BEHAVIOR OF NOSTOC SPECIES. THE CYANOBACTERIUM WAS GROWN IN CHU-10 MEDIUM
WITHOUT NITROGEN AND ABSORBANCE WAS RECORDED AT DIFFERENT DAYS. THE VALUES ARE MEAN OF THE
THREE REPLICATES AND VERTICAL BARS INDICATES S.D.

FIG.2: PROTEIN, CHLOROPHYLL a AND CAROTENOID CONTENT OF NOSTOC CELLS IN mgl -1 DURING THE GROWTH
PERIOD OF 15 DAYS. VERTICAL BARS INDICATE STANDARD ERROR OF MEAN VALUE OF THREE REPLICATES.
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TABLE 1 : SOME CHARACTERISTICS OF NOSTOC
SPECIES
Characteristics
Freshweight
Dryweight
Freshweight : dryweight
Lipid content
Total sugar
Protein
Photosynthesis
Fv/Fm (max. PSII quantum yield)
Y(II) (effective PSII quantum yield)
qP (coefficient of photochemical
quenching)
qL (coefficient of photochemical
quenching)
NPQ (quantum yield of regulated
energy dissipation)

Algicidal activity:
For antimicrobial activity assay by using three
different extract solvents, methanol extract has
maximum inhibitory effect against A. variabilis
(60%). The inhibitory effect was noticed against
both cyanobacterium and green algae tested in the
present study. We also observed a dose dependent
inhibitory response against the tested algae. The
ethanol:water extract showed inhibitory effect
against C. vulgaris, but surprisingly not against
other two green algae tested. Instead, ethanol:water
extract significantly stimulated the growth of S.
quadricauda. The dichloromethane:isopropanol
extract also inhibited almost all the test organisms.
A maximum of 31% inhibition was observed
against A. variabilis. Out of three extracts tested in
the present study, methanol and dichloromethane :
isopropanol extracts have more growth inhibitory
effect than ethanol:water extract on algal test
organisms (Table 2; Fig. 3a, 3b and 3c).

Measured values
2.670±0.161 gl-1
0.33±0.1 g l-1
0.125
261.7 mg g-1 dry
weight
176.00 mg g-1 dry
weight
0.148 mg ml-1 culture
(OD at 440 nm = 0.2)
0.294
0.296
1.000
1.000
0.000

3a

3b
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3c
FIG. 3: PERCENTAGE GROWTH OR INHIBITION OF C. VULGARIS, S. QUADRICAUDA, S. CAPRICORNATUM AND A.
VARIABILIS BY THE NOSTOC EXTRACTS PREPARED IN a) METHANOL b) ETHANOL:WATER AND c)
DICHLOROMETHANE:ISOPROPANOL (DCM:ISO) IN VARIUOS CONCENTRATIONS.
TABLE 2: ANTIALGAL TEST OF EXTRACTS OF NOSTOC WITH FOUR DIFFERENT CONCENTRATIONS.
Extracts

Target organisms

Untreated
(µd-1)

C. vilgaris

0.230±0.001

S. quadricauda

0.290±0.001

S. capricornatum

0.289±0.003

A. variabilis

0.212±0.003

C. vilgaris

0.230±0.001

S. quadricauda

0.290±0.001

S. capricornatum

0.289±0.003

A. variabilis

0.212±0.003

C. vilgaris

0.230±0.001

S. quadricauda

0.290±0.001

S. capricornatum

0.289±0.003

A. variabilis

0.212±0.003

Methanol

Ethanol:
water

DCM:ISO

Specific growth pattern with percentage effect in different concentrations
extracts (µL)
25
50
75
100
0.219±0.003
0.223±0.004
0.241±0.007
0.243±0.003
(-4.78)
(+4.79)
(+8.70)
(+9.13)
0.312±0.004
0.298±0.002
0.295±0.002
0.222±0.002
(+7.59)
(+0.69)
(+7.93)
(-7.54)
0.281±0.004
0.254±0.004
0.252±0.004
0.248±0.004
(-2.77)
(-9.71)
(-4.5)
(-0.71)
0.184±0.002
0.180±0.00
0.078±0.007
0.157±0.002
(-1.41)
(-1.29)
(-46.71)
(-60.41)
0.223±0.007
0.226±0.004
0.242±0.003
0.250±0.006
(-3.04)
(+6.09)
(+8.26)
(+6.08)
0.387±0.003
0.378±0.003
0.348±0.004
0.335±0.005
(+33.45)
(+26.9)
(+10.35)
(+0.34)
0.311±0.004
0.316±0.002
0.340±0.003
0.345±0.005
(+7.61)
(+6.94)
(+9.35)
(+4.48)
0.185±0.005
0.181±0.001
0.179±0.005
0.151±0.004
(-0.94)
(-0.82)
(-0.93)
(-4.27)
0.222±0.005
0.216±0.004
0.212±0.006
0.200±0.004
(-3.48)
(+1.74)
(+5.65)
(+1.74)
0.301±0.001
0.282±0.004
0.268±0.002
0.207±0.002
(+3.79)
(+0.69)
(+2.07)
(-12.76)
0.273±0.005
0.262±0.004
0.259±0.005
0.257±0.004
(-5.54)
(-6.94)
(-2.08)
(+3.83)
0.173±0.002
0.164±0.003
0.153±0.005
0.094±0.005
(-6.60)
(-8.84)
(-11.33)
(-31.16)

N.B. (-) and (+) indicate inhibition and stimulation in % growth rate, respectively. The values are corrected for solvent effect
(data are not shown).

Anti-bacterial activity:
In antibacterial assay, both ethanol:water and
dichloromethane:isopropanol extracts inhibited the
growth
of
B.
subtilis,
while
only
dichloromethane:isopropanol extract inhibited the
growth of B. pumilus. Methanol extract did not
show any effect on all the bacterial strains.
However, all the three extracts have no effect on E.

coli. The highest inhibition zone in B. subtilis by
100µl of dichloromethane:isopropanol extract was
23.67±1.53 (Fig. 4a), followed by 14.00±1.00 (Fig.
4b) in B. pumilus (Table 3). As the concentration
of the extracts increases the zone of inhibition also
become higher.
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TABLE 3: ANTIBACTERIAL ACTIVITIES OF NOSTOC EXTRACTS
Bacterial strains
Extracts
Inhibition zone diameter with different
concentrations of Nostoc extracts (in mm)
25µl
50 µl
75 µl
Bacillus subtilis
Methanol
Ethanol:water
7.33±0.58
9.67±1.15
DCM:ISO
7.33±0.58
8.67±0.58
13.67±1.15
Bacillus pumilus
Methanol
Ethanol:water
DCM:ISO
10.67±0.58
11.33±0.58
12.33±0.58
Escherichia coli
Methanol
Ethanol:water
DCM:ISO
(‘-’ sign indicates no effect, there was no effect of extracts on E. coli)

100 µl
11.67±2.88
23.67±1.53
14.00±1.00
-

4a

4b
FIG. 4: INHIBITION ZONE DIAMETER OF a) B. SUBTILIS AND b) B. PUMILUS BY THE NOSTOC EXTRACT PREPARED IN
METHANOL, ETHANOL:WATER AND DICHLOROMETHANE:ISOPROPANOL (DCM:ISO).

Anti-fungal activity:
Table 4, Fig. 5a and 5b show the antifungal assay.
In this case, the three extracts inhibited the growth
of Fusarium culmorum, but ethanol:water extract

had no effect against Fusarium udum. In F.
culmorum, the dichloromethane:isopropanol extract
showed higher inhibitory zone than the other
extracts.
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TABLE 4: EFFECT OF NOSTOC EXTRACTS ON FUNGAL STRAINS.
Fungal strains
Extracts
Inhibition zone diameter in mm with different concentrations of Nostoc
extracts
25µl
50 µl
75 µl
100 µl
Fusarium udum
Methanol
2.00±0.00
2.33±0.58
3.00±0.56
3.67±1.16
Ethanol:water
DCM:ISO
1.00±0.58
1.67±0.00
2.34±0.58
2.67±2.65
Fusarium
Methanol
0.67±0.00
1.34±0.58
2.34±0.58
3.34±1.53
culmorum
Ethanol:water
0.34±0.58
1.00±0.58
1.67±1.73
2.00±1.15
DCM:ISO
3.67±0.00
5.34±1.53
10.67±0.00
11.00±0.58

5a

5b
FIG. 5: INHIBITION ZONE DIAMETER OF a) F. UDUM AND b) F. CULMORUM BY THE NOSTOC EXTRACTS PREPARED
IN METHANOL, ETHANOL:WATER AND DICHLOROMETHANE:ISOPROPANOL (DCM:ISO).

Minimum inhibitory concentration
Minimum inhibitory concentrations of all the three
extracts were varied (Table 5). 25 µl of all the
extracts showed inhibitory effect against C.
vulgaris. 100 µl of methanol and dichloromethane:
isopropanol extracts inhibited the growth S.
quadricauda. 75 µl of extract prepared in methanol
has shown significant inhibition of growth of S.
capricornatum and A. variabilis. 25 µl

of dichloromethane:isopropanol extract also
inhibited the growth of S. capricornatum, A.
variabilis, B. subtilis and B. pumilus. The MIC of
ethanol: water extract on A. variabilis and B.
subtilis was 100 µl and 50 µl, respectively. All the
extracts showed their MIC at 25 µl on the fungal
strains tested.

International Journal of Pharmaceutical Sciences and Research

1007

Devi and Mehta, IJPSR, 2016; Vol. 7(3): 1000-13.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

TABLE 5: MINIMUM INHIBITORY CONCENTRATIONS OF EXTRACTS OF NOSTOC ON TEST ORGASNISMS.
Target organisms
Extracts
Methanol
Ethanol:water
Dichloromethane:isopropanol
C. vilgaris
25 µl
25 µl
25 µl
S.quadricauda
100 µl
100 µl
S. capricornatum
75µl
25 µl
A. variabilis
75 µl
100 µl
25 µl
B. subtilis
50 µl
25 µl
B. pumilus
25µl
E.coli
F. udum
25 µl
25 µl
F. cornitum
25 µl
25 µl
25 µl

UV-Visible spectrophotometric analysis:
From this analysis, several peaks were observed in
different wavelengths, which indicate the presence
of active compounds in the extracts of Nostoc.

Among the extracts of Nostoc, the highest numbers
of peaks were found in methanol extract which was
followed by dichloromethane: isopropanol extract
and lastly ethanol: water extract (Fig. 6).

FIG. 6: UV-VISIBLE SPECTRA OF METHANOL [A], ETHANOL: WATER (3:7) [B] AND DICHLOROMETHANE:
ISOPROPANOL (1:1) [C] EXTRACTS OF NOSTOC SPECIES. THE MAJOR PEAKS DETECTED ARE SHOWN INSIDE THE
FIGURE FOR RESPECTIVE EXTRACTS.
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GC MS analysis of Nostoc sp. Extract:
GC-MS analysis of the Nostoc extract prepared in
methanol has identified 32 active compounds,
which show various antimicrobial activities. Some
of the few compounds are 2,4,4-Trimethyl-1hexene,
Octadecane,
2,6,10-Ttrimethyl-14-
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Ethylene-14-Pentadecane, n-Hexadecanoic acid,
9,12-Octadecadienoic acid, 9,12-Octadecadienoyl
chloride, Phytol, 1,2-Benzenedicarboxylic acid,
mono(2-ethylhexyl) ester and Vitamin E (Table 6).
The chromatogram of the GC-MS is presented in
Fig. 7.

TABLE 6: SELECTED LIST OF COMPOUNDS IDENTIFIED BY GC-MS IN METHANOL EXTRACT OF NOSTOC SPECIES

RT
A
B
C

10.764
12.944
13.999

D 15.255
E 16.538
F 16.608
G 16.722
H 20.412
I

26.857

Name of compounds
2,4,4-Trimethyl-1-hexene
Octadecane
2,6,10-Trimethyl,14-ethylene-14pentadecane
n-Hexadecanoic acid
9,12-Octadecadienoic acid
9,12-Octadecadienoyl chloride
Phytol
1,2-Benzenedicarboxylic acid,
mono(2-ethylhexyl) ester
Vitamin E

Molecular
Formula
C9H18
C18H38
C20H38

Molecular
Weight
126
254
278

Composition
(%)
2.56
5.73
6.39

C16H32O2
C18H32O2
C18H31ClO
C20H40O
C16H22O4

256
280
298
296
278

5.53
5.24
8.64
13.92
20.13

C29H50O2

430

1.89

FIG. 7: GAS CHROMATOGRAPGIC PROFILE OF THE MAJOR CONSTITUENTS OF NOSTOC SPECIES

DISCUSSION: The present study has clearly
shown the potential antimicrobial activity of Nostoc
sp. Though the extracts prepared in different
solvents showed variation in their inhibition
properties in different test organisms of algae,
bacteria and fungi, we have observed the potential
pharmacological properties. Maximum growth
inhibition was shown by the extract prepared in

methanol (46.71% - 60.41%) followed by
dichloromethane:isopropanol extract (11.33% 31.16%) against A. variabilis. The growth
inhibition of A. variabilis by the extracts of Nostoc
suggests the possible presence of algicidal
metabolites in Nostoc. In a similar study, it
inhibited
the
growth
of
Nannochloris,
Ankistrodesmus and Scenedesmus 29. Nostoc
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possesses algicidal compounds like Crytophycin-A
and nestodione-A, hexapeptides, Cyanobacterin
LU-1 and LU-2 30. Compounds isolated from
cyanobacteria act on the photosynthetic electron
transport chain (ETC), proton coupling, pigment
synthesis and photo-oxidative effects and synthesis
of amino acids 31. It also reacts with cell membrane
molecules thereby inhibiting the growth 32. Another
very interesting observation was that the extract
prepared in ethanol:water stimulated the growth of
S. quadricauda (10.35% - 33.45%) and S.
capricornatum (4.48% - 9.35%). Phytol and
Vitamin E identified by GC-MS might have played
key role in growth stimulation.
Our observation is in corroboration with an earlier
report on stimulation of growth of few
phytoplanktons treated with extracts prepared from
cyanobacteria 33. Phytohormones like auxins,
gibberellins and cytokinins are present in the
extract, and may act on the different metabolic
pathways. The target algae have ability to evolve
pathways to effectively metabolize the compounds
like allelochemical-like compounds 34. We are yet
unable to answer to this stimulatory mechanism.
The bioactive compounds are associated with
positive nutritional and adaptation mechanisms of
target organism 35. Our findings of algicidal assays
using different solvents suggest that stimulation or
inhibition of growth is not solvent specific, but a
target (organism) specific.
The antibacterial activity was done in three widely
used bacterial strains, such as B. subtilis, B.
pumilus and E. coli. Out of the three extracts, two
extracts
prepared
in
ethanol:water
and
dichloromethane:isopropanol showed inhibition of
growth of B. subtilis (7.33-23.67 mm). Nostoc
extract prepared in dichloromethane:isopropanol
inhibited the growth of B. pumilus (10.67-14.00
mm). 2, 6, 10 - Trimethyl, 14 – ethylene - 14 pentadecane and 1,2-Benzenedicarboxylic acid
were identified by GC-MS. They are well known
for antibacterial activity 36. Asthana et al.,
identified naphthalene compound from Nostoc
CCC 537 which has antibacterial property 37.
In a similar study, Madhumati et al., showed
growth inhibition of B. subtilis by the extract of
cyanobacteria Oscillatoria latevirens (2.2 cm) and
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Lyngbya martensiana (2.5 cm) 38. Methanol extract
of Nostoc showed the growth inhibition of B.
subtilis (17%) 28. Our findings suggest the presence
of bioactive compounds which interfere with the
cellular and metabolic activity. Diterpenoid,
isolated from Nostoc commune, was identified to
have an antibacterial activity 39. Another
compound, Nostocyclamide M, also showed
allelopathic effect 40. However, all the three
extracts showed no effect against E. coli. In another
study, the Nostoc commune extract prepared in
methanol inhibited the growth of Staphylococcus,
B. subtilis, B. cereus, B. pumilus and E. coli 41.
There is also report for antimicrobial properties of
ethanol extract against E. coli 42. This discrepancy
is explained by the genetic and physiological
variations within the particular cyanobacterial
strains.
Our present study has clearly shown antifungal
activity of Nostoc. All the extracts of Nostoc
inhibited the growth of F. culmorum, whereas
methanol and dichloromethane:isopropanol extracts
inhibited F. udum only. But, antifungal activity was
found with the methanol extract on the two species
as observed by Arun et al., 43. Nostofungicidine, a
lipopeptide compound, isolated from Nostoc
commune has antifungal activity 44. Growth of
fungus, Aspergillus niger was inhibited by Nostoc
extract 28. A polyunsaturated fatty acid
hexadecatrienoic acid n4 has an antibacterial
activity 45. Antimicrobial effects are related with
the compounds of hydrogen peroxide, terpenoid,
bromoether and volatile fatty acids compounds
isolated from algae 46.
Phenols, plasticizer
compound, phytol (acyclic diterpene alcohol) and
flavonoid are abundant in methanol extract, while
plasticizer compound, phytol, alkenes and ester are
abundant in the acetone extract of Nostoc 28. We
are also looking for the bioactive compounds
identified by GC-MS in different extracts, which is
under validation phase.
The present findings on the overall antimicrobial
activities clearly revealed that among the three
different extracts of Nostoc, the methanol and
dichloromethane:isopropanol extracts were more
effective than the ethanol:water extract. When the
extracts were analysed in UV-Visible spectra,
methanol extract showed highest number of peaks
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which represents the presence of more active
compounds in the extract that are responsible for
antimicrobial activity.
CONCLUSION: From this study, we conclude
that Nostoc has antimicrobial activities against both
prokaryotic and eukaryotic target organisms (algae,
bacteria and fungi). Further identification of the
compounds in Nostoc sp. extracts followed by their
phytochemical studies can elucidate the groups of
compounds associated with such antimicrobial
activity. Use of modern technology in breeding the
culture will also increase the quality and quantity of
algal production. Nostoc sp. has potential
pharmacologic applications.
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ABSTRACT
Fischerella ambigua, a freshwater microalga, was isolated from Tamdil Wetland of Mizoram and extracted with
methanol, ethanol: water and dichloromethane: isopropanol for the test of their antimicrobial activity against nine
microorganisms comprising of three chlorophycean algae (Chlorella vulgaris, Scenedesmus quadricauda and
Selenastrum capricornutum), one cyanobacterium (Anabaena variabilis) three bacterial strains (Bacillus subtilis,
Bacillus pumilus and Escherichia coli) and two fungal strains (Fusarium udum and Fusarium culmorum). The
growths of all the tested microalgae were inhibited in the study. The methanol extract was less effective compared
to ethanol: water and dichloromethane: isopropanol extracts. When tested on bacterial strains, the growth
inhibition zones were observed only in B. pumilus. In case of fungal activity, the highest inhibition zone was
observed in both the Fusarium species by dichloromethane: isopropanol extract. MICs of each extract on all the
organisms varied. The extracts were further analysed by UV-VIS Spectrophotometer, which reveals the presence of
active compounds. Among the three extracts, dichloromethane: isopropanol extract was selected and analysed by
GC-MS which identified the presence of main components in the extract as 1,2-Benzenedicarboxylic acid, mono(2ethylhexyl) ester, Heptadecane, Nonadecane, Phytol, n-Hexadecanoic acid, etc. Further study for purification of the
potent compound will explain their usefulness in biotechnological and pharmaceutical industry.
KEYWORDS: Antimicrobial activity, chlorophycean, cyanobacterium, Fischerella ambigua, Microalgae.
1 INTRODUCTION
Cyanobacteria are diverse group of gram-negative
prokaryotes, and are photosynthetic organisms that
flourish in diverse type of habitats. The evolutionary
history of this group of organisms dates back to the
Proterozoic era.[1] Most species of cyanobacteria are
free-living, freshwater, marine or terrestrial and
symbionts in association with other plants and lichens.
Due to their occurrence in diverse habitats, these
organisms are excellent material for investigation by the
ecologists, physiologists, biochemists, pharmacists and
molecular biologists.
Various strains of cyanobacteria are known to produce a
wide range of intracellular and extracellular metabolites
with diverse biological activities, such as antialgal,
antibacterial and antiviral.[2] Antimicrobial activity
depends on both algal species and the solvents used for
their extraction.[3,4] Screening of cyanobacteria and algae
for antibiotics and other pharmacologically active
compounds has received considerable attention during
the past few decades.[5]
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Fischerella species is a filamentous cyanobacterium with
creeping thallus and sheath in filaments. Several species
within the genus have been shown to be bioactive.
Perhaps the best characterized is F. muscicola, which has
been shown to produce two bioactive compounds,
fischerellin A and B.[6] It is a potent inhibitor of oxygenic
photosynthetic organisms. Although fischerellin A did
not inhibit respiratory electron transport in
cyanobacteria, it was shown to be active at higher
concentrations against several agriculturally important
fungi (Uromyces appendiculatus).[7] Fischerella species
also produce a number of indole alkaloids, some of
which have been demonstrated to be algicidal. The
application of bioactive compounds derived from algae
will prove beneficial and much more effective as
compared with traditional treatment methods.[8]
Analytical methods play important roles in the discovery,
development and manufacture of bioactive compounds.[9]
The aim of the present study was to determine the
antimicrobial activity of Fischerella ambigua extracts
against algae, bacteria and fungi. Furthermore, GC-MS
autogram for F. ambigua extract was employed for
preliminary detection of active constituents.
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2 MATERIALS AND METHODS
2.1 Culture and growth condition
The Fischerella ambigua was collected from Tamdil
Wetland of Mizoram, India. It was isolated on agar plates
by using standard methods of isolation and
purification[10] and was grown axenically in 250-ml
Erlenmeyer flasks containing 100 ml Chu-10 medium[11]
at pH 7.0±0.2 in an air-conditioned culture room under
the photoperiod of 12 hrs. Cultures were hand-shaken
thrice daily with an interval of 2-3 hrs.
2.2 Determination of specific growth rate, protein,
chlorophyll a and carotenoid
The growth rate of F. ambigua was determined by
spectrophotometric method and the specific growth rate
was calculated according to Guillard.[12] 150 ml medium
was inoculated to give final absorbance of 0.2 at 440 nm.
The culture was kept under light for 16 days and at
regular interval, 5 ml culture was removed and protein,
chlorophyll a and carotenoids were determined. The
protein content of the F. ambigua was determined by
Lowry’s method using the standard BSA.[13] Quantitative
estimation of chlorophyll a and carotenoid were
performed by the method of Mackinney[14] and Myers
and Krantz.[15] The cells were harvested by centrifugation
and the pellet was suspended in 5 ml of 80% acetone.
After overnight incubation in dark, the pellets were
separated and the absorbance of the supernatant was
measured at 665 and 480 nm using UV-VIS
Spectrophotometer (Systronics, India, model: 117). The
chlorophyll a and carotenoid were quantified as per the
formula given below.

Where, α is the absorption coefficient (82.04 for
Chlorophyll a and 200 for Carotenoid), D is the optical
density, d is the inside path length of the
spectrophotometer in cm (1cm) and C is the
concentration of pigment in g l-1.
2.3 Estimation of Lipid content
0.02 g fresh weight of F. ambigua was washed with
0.2% NaCl. The pellet was collected and suspended in 5
ml hot isopropanol. It was boiled for 3 min in order to
inactivate the lipase activities. After cooling, the
suspension was mixed with 5 ml chloroform and kept for
12 hrs at room temperature. 10 ml of water was added
and the mixture was vortexed for 30 seconds the lower
chloroform phase was collected and completely
evaporated in a vacuum oven. 2 ml of acid dichromate
reagent (stock) was added. After being heated for 30
min, 10 ml of water was added. Absorbance was
recorded at 430 nm as previously described by
Kalacheva et al.[16]
2.4 Estimation of Sugar content
0.01g dry weight of F. ambigua was mixed with 3 ml of
80% hot ethanol and kept at room temperature for 30
min. Subsequently, it was centrifuged at 5000 g for 10
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min. Then, the supernatant was collected and used for
estimation of soluble sugar contents as described by
Gerhardt et al.[17]
2.5 Preparation of extracts
The stationary phase culture was used for extraction of
metabolites. After biomass was separated by
centrifugation (4000 g for 10 min), the pellet was
collected in a flask containing sterile Milli-Q water and
kept at room temperature for 48 hrs to further stimulate
the synthesis of secondary metabolites. Subsequently, the
biomass was freeze dried at -20°C for 24 hrs.[18] 0.5g
freeze dried biomass was suspended in 10 ml of
methanol and the cells were ruptured by ultrasonication
(Sartorius, Germany; model: BBI 8535108) for 30 sec.
The residues were separated by passing through
Sephadex G column. The filtrates were used as methanol
(100%) extract. Two other extracts, ethanol:water; 3:7
(v/v) and then dichloromethane:isopropanol (DCM:ISO);
1:1 (v/v) were also prepared from the remaining biomass.
2.6 Test Microorganisms and culture condition
Three green algae (Chlorella vulgaris, Scenedesmus
quadricauda and Selenastrum capricornutum), one
cyanobacterium (Anabaena variabilis), two gram
positive bacteria [Bacillus subtilis (strain ATCC11774)
and Bacillus pumilus (strain ATCC14884)] and one gram
negative bacteria [Escherichia coli (strain ATCC10536)]
and two fungi (Fusarium udum and Fusarium culmorum)
were used as target organisms for testing bioactivities.
Algae were grown axenically in Chu-10 medium
whereas bacterial strains were incubated in nutrient broth
medium and fungal strains were grown in potato
dextrose agar (PDA) medium. Unless specified,
throughout the study actively growing cultures of the test
organisms were used for various tests.
2.7 Algicidal assay
Different concentrations ranging from 25 µl to 100 µl of
the extracts were added separately to 3 ml culture of C.
vulgaris, S. quadricauda, S. capricornutum and A.
variabilis (in triplicate each). After 4 days of incubation
in light, the absorbance was recorded at 684 nm for C.
vulgaris, 440 nm for S. quaricauda and S.
capricornutum, and 417 nm for A. variabilis using
spectrophotometer (Systronics, India, model: 117).
Specific growth rate was calculated for treated and
untreated cultures.
2.8 Antibacterial assay
The antibacterial activities of different extracts were also
tested using agar well diffusion assay as described.[19]
Briefly, bacterial strains were inoculated in nutrient broth
medium and then incubated at 35°C for 24 hrs. 0.5 ml of
bacterial suspension was poured on sterilized nutrient
agar plates and spread uniformly by using L-shape
spreader. Plates were punched to make a well of 6 mm
diameter with the help of sterile cork borer. Different
concentrations (25 µl, 50 µl, 75 µl and 100 µl) of
extracts were pipetted into the well and plates were

200

Devi & Mehta.

incubated overnight at 35°C in an incubator. All the tests
were done in triplicates. The plates were observed for the
inhibition zone after 48-72 hrs.
2.9 Antifungal assay
For antifungal assay, disc diffusion method was
performed.[20] The fungal strains were inoculated on
sterile petri dishes containing 10 ml of potato dextrose
agar medium. The filter paper (8 mm diameter) were
impregnated with 25 µl, 50 µl, 75 µl and 100 µl of the
extracts and placed onto the agar plates previously
inoculated with the fungal cultures by using a flamed
forceps followed by gently pressing down to ensure
contact.[21] The plates were incubated at 30oC for 48 hrs,
and the colony diameters were measured.
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during the course of 16 days growth period. The general
biochemical profile of F. ambigua including specific
growth rate, fresh- and dry-weights, lipid content, protein
content, sugar content, and photosynthetic parameters
(Fv/Fm, Y(II), qP, qL, NPQ) are given in Table 1.
For antimicrobial activity assay by using three different
extract solvents, F. ambigua showed broad spectrum
algicidal activities (Figure 2). The growths of all the test
microalgae treated in the present study were inhibited but
the highest inhibition was found in A. variabilis. It was
inhibited at the highest inhibition percentage of 48.89
and 39.71 by ethanol:water and DCM:ISO extracts
respectively. The methanol extract was less effective
compared to ethanol:water and DCM:ISO extracts in
inhibition of cyanobacterial growth.

2.10 Determination
of
Minimum
Inhibitory
Concentration (MIC)
Minimum inhibitory concentration (MIC) of different
extracts was also evaluated using different
concentrations (25 μl, 50 μl, 75 μl and 100 μl) of the
extracts against the selected microorganisms. These tests
were done to determine the lowest concentration of algal
extract that inhibits the growth of other organisms.
2.11 UV-Visible Spectrophotometric Analysis
The absorption spectra of methanol and DCM: ISO
extracts of F. ambigua were determined using UVVisible Spectrophotometer (HITACHI U4100L). The
wavelength ranged from 200 to 750 nm.[22]
2.12 GC-MS analysis of F. ambigua extract
Crude DCM: ISO extract of F. ambigua was dissolved in
chloroform at the concentration of 10 mg/ml and was
analysed by GC-MS-QP2010 Plus (Shimadzu, Japan).
For GC-MS detection, an electron ionization system with
ionization energy of 70 eV was used, we used helium as
the carrier gas at a constant flow rate of 1.21 mL/min.
The injector and MS transfer line temperature was set at
250ᵒC and 260ᵒC, respectively.[23] Compounds were
identified based on the comparison of their relative
retention time and mass spectra with those of the NIST,
WILLY library data of the GC-MS system.
2.13 Statistical Analysis
The data obtained from the study were analysed
statistically using the Analysis of Variance (ANOVA).
The test was performed using Statistica 5.0 software at
p<0.05 significant level.
3 RESULTS
The growth pattern of F. ambigua was determined in 16
days growing period by recording the absorbance of
culture at 440 nm (Figure 1[A]). During the first 6 days
growth was slower and afterward culture entered into
exponential growth phase. The level of pigments,
chlorophyll a and carotenoid were found to be elevating
till the stationary phase (Figure 1[B]) and monitored
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Figure 1: [A] Growth pattern of F. ambigua and [B]
Chlorophyll a and carotenoid content of F. ambigua
in mg l-1, during the period of 16 days. Values are the
mean of three replicates and vertical bars indicate
±S.D.
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Table 1: Some characteristic profile of F. ambigua.
Characteristics
Freshweight
Dryweight
Specific growth rate (µd-1)
Percentage lipid content
Total sugar

Measured values
2.00±0.050 gl-1
0.07±0.004 g l-1
0.17±0.015
3.4 (dry weight)
47 µg ml-1 (0.01g dry weight)
0.137 mg ml-1 culture
(OD at 440 nm = 0.2)

Protein
Photosynthesis
Fv/Fm (max. PSII quantum yield)
Y(II) (effective PSII quantum yield)
qP (coefficient of photochemical quenching)
qL (coefficient of photochemical quenching)
NPQ (quantum yield of regulated energy dissipation)

0.362
0.358
1.000
1.000
0.000

F. ambigua extracts did not show antibacterial activities
when tested over B. subtilis and E. coli. However, the
growth inhibition zones were induced when F. ambigua
extracts were applied to B. pumilus (Table 2). Among the
three extracts tested, the highest inhibition zone of 12.00
mm was recorded with DCM:ISO extract (Plate 1).
When tested on Fusarium species, ethanol:water extract
of F. ambigua has no effect on growth of F. culmorum,
whereas, all the extracts caused inhibition in growth of F.
udum (Figure 3). The DCM:ISO extract of F. ambigua
was most effective in causing growth inhibition in both
the fungal strains. The 100µl DCM:ISO extract of F.
ambigua resulted into maximally 8.0 and 3.34 mm
inhibition zones in F. udum and F. culmorum,
respectively.
The minimum inhibitory concentrations were statistically
analysed at p<0.05 level by using ANOVA. Table 3
shows the minimum inhibitory concentrations of F.
ambigua extracts.
From the UV-Visible analysis, several peaks were
observed in different wavelengths, which indicate the
presence of active compounds in the extracts of F.
ambigua. Among the extracts of F. ambigua, no peak
was found in ethanol:water extract, whereas, several
peaks were found in methanol and DCM:ISO extracts
(Figure 4 ).
Figure 2: Algicidal activities of extracts of F. ambigua
prepared in [A] methanol, [B] ethanol: water and [C]
dichloromethane: isopropanol.
In this study, the selected extract was further
characterized by gas chromatography-mass spectrometer
(GC-MS). Figure 5 shows the GC-MS chromatogram of
DCM: ISO extract of F. ambigua. Twenty three
compounds were retrived from the MS library. The
major constituents, molecular formula, molecular weight,
retention time (RT) and concentration (%) are presented
in Table 4. The 1,2-benzenedicarboxylic acid, mono(2ethylhexyl)ester with percentage composition of 68.65%
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was the major compound found in F. ambigua extract
followed by heptadecane (10.44%), phytol (4.16%),
nonadecane (3.56%), 2,6,10-trimethyl,14-ethylene-14-

pentadecne (1.52%) and 2-bromodecane (1.23%) were
the leading compounds identified.

Table 2: Antibacterial activity of F. ambigua extracts.
Bacterial
strains
B. subtilis

B. pumilus

E. coli

Extracts
Methanol
Ethanol: water
DCM:ISO
Methanol
Ethanol: water
DCM:ISO
Methanol
Ethanol: water
DCM:ISO

Inhibition zone diameter with different concentrations of F. ambigua extracts (in mm)
25µl
50 µl
75 µl
100 µl
7.33±0.58
10.00±2.00
7.00±0.00
8.33±0.58
11.00±1.00
7.00±0.00
7.33±0.58
9.67±0.58
12.00±0.00
-

[A]
[B]
[C]
Plate 1: Antibacterial activity of F. ambigua [A] methanol extract, [B] ethanol: water extract and [C]
dichloromethane: isopropanol extract on B. pumilus with 100 µl concentration.
4 DISCUSSION
The present study has clearly shown the potential
antimicrobial activity of cyanobacterium, F. ambigua.
Though the extracts prepared in different solvents
showed variation in their inhibition properties, we have
observed the potential pharmacological properties which
may be taken up for further pharmacological
applications. We have demonstrated presence of
antialgal, anticyanobacterial, antibacterial and antifungal
in F. ambigua.

Table 3. Minimum inhibitory concentrations of F.
ambigua extarcts on test organisms.
Target
organisms
C. vilgaris
S. quadricauda
S. capricornutum
A. variabilis
B. subtilis
B. pumilus
E.coli
F. udum
F. cornitum

Extracts
Ethanol:
Methanol
water
75 µl
50 µl
75 µl
75 µl
75µl
100 µl
50 µl
25 µl
75 µl
50 µl
50 µl
75 µl
75 µl
-

DCM:
ISO
50 µl
75 µl
75 µl
25 µl
25µl
25 µl
50 µl

Antialgal activity of the cyanobacteria has been
principally observed in diverse genera such as Anabaena
sp., Microcystis sp.[24], Calotrix sp., Fischerella sp.,
Nostoc sp.[25], Nodularia sp.[26, 27] and Phormidium sp.[28]

Figure 3: Antifungal activities of extracts of F.
ambigua at different concentrations against F. udum
and F. culmorum.
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[A]

[B]

Figure 4: UV-VIS spectra of methanol extract [A] and dichloromethane: isopropanol extract [B] of F. ambigua.
In present study, the extracts of F. ambigua inhibited the
growth of C. vulgaris, S. capricornutum and A. variabilis
suggesting about the presence of antialgal and
anticyanobacterial activities. Fischerella sp. are known
to produce indole alkaloids, such as hepalindole A,
which possess algicidal properties.[29] Also, a hapalindole
bioactive compound 12-epi-hapalindole F has been
isolated from a Fischerella strain and shows
anticyanobacterial activities.[29] Other compounds like
fischerellin A obtained from Fischerella sp. is a potent
inhibitor of oxygenic photosynthetic organisms and act at
photosynthetic electron transport chain.[6] Another
algicidal compound fischerellin B has isolated from
Fischerella sp.[30] Polychlorinated aromatic compounds
ambigol A, B and C isolated from F. ambigua have
antimicrobial,
antiviral
and
antiprotoazoal
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properties.[31,32] The γ-linolinic acid produced by
Fischerella sp. exhibited antibacterial activity against E.
coli, E. aerogenes, P. aeruginosa, S. typhi and S.
aureus.[33]
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Table 4: Compounds identified from GC-MS analysis of DCM: ISO extract of F. ambigua.
Peak
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Name of compounds
Nanodecane
Heptadecane
2-Bromododecane
2,6,10-Trimethyl,
14-ethylene, 14-pentadecne
3,7,11,15-Tetramethyl-2-hexadecan-1-ol
Unknown
n-Hexadecanoic acid
Dibutyl phthalate
1,2-Benzenedicarboxylic acid, butyl 2ethylhexyl ester
Phytol
Unknown
Butyl-2-ethylhexyl phthalate
Hexanedioic acid, bis(2-ethylhexyl)ester
Phenol, 2,4,bis(1-phenylethyl)
Phenol, 2,4,bis(1-Phenylethyl)
1-Phenanthrenecarboxylic acid,
1,2,3,4,4a,9,10,10a-octahydro-1,4adimethyl-7-(1-methylethyl)-,
1-Tridecanol
1,2-Benzenedicarboxylic acid
1,2-Benzenedicarcoxylic acid, mono(2ethylhexyl )ester
2-Bromo dodecane
2,4,6-Tris-(1-phenylethyl)-phenol
2,4,6-Tris-(1-phenylethyl)-phenol
Vitamin E

RT

%

C19H40
C17H36
C12H25Br

Mol.
weight
268
240
248

12.454
12.937
13.393

3.56
10.44
1.23

C20H38

278

14.000

1.52

C20H40O

296

C16H32O2
C16H22O4

256
278

14.448
15.075
15.256
15.350

0.67
0.91
1.48
1.34

C20H30O4

334

15.550

0.82

C20H40O

296
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0.45
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Figure 5: GC-MS chromatogram of dichloromethane: isopropanol extract of F. ambigua.
Extracts of F. ambigua inhibited the growth of F. udum
and F. culmorum indicating about antifungal activities.
Smitka et al. reported the presence of antifungal
compound ambiguine A-F isonitriles in F. ambigua.[34]
Becher and Juettner have detected antifungal compounds
like hapalindole G and H from the extract of Fischerella

www.wjpmr.com

sp. which possessed antifungal properties.[35] Sixteen
cyanobacterial compounds belonging to group
hapalindole and fischerindole alkaloids have been
isolated from Fischerella sp.[36, 37, 38, 39, 40, 41]
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Crude extract analysis of the microalgal species using
gas chromatography-mass spectrometry (GC-MS) had
revealed several important organic volatile compounds
as fatty acids in this study. Similar to our findings, it was
reported that heptadecane (39.70%) and tetradecane
(34.61%) are the principal volatile components of S.
platensis.[1] Also, the volatile components like
heptadecane and tetradecane are reported from other
microalgae.[42] Often, the antibacterial activity is
correlated to volatile components.

World Journal of Pharmaceutical and Medical Research

3.

4.

5.
Salem et al. has reported heptadecane (12.56%) from
cyanobacterial extracts.[23] In agreement to above report,
we also detected heptadecane (10.44%) in F. ambigua
extract. This compound has been reported from other
algae and higher plants and is known for its anticancer,
antioxidant and antimicrobial activities.[43, 44] Kannan et
al. have identified antimicrobial compounds like fatty
acids, acrylic acid, halogenated aliphatic compounds,
terpenes, sulphur containing heterocyclic compounds,
carbohydrates and phenols in E. acoroides.[45] In the
present study similar chemical components have also
been detected. The above compounds may have
attributed for the antimicrobial activities in extracts of
the test microalga.
Few other compounds identified by GC-MS were 2,6,10trimethyl,14-ethylene-14-pentadecane
and
1,2Benzenedicarboxylic acid. The above compounds are
well known for antibacterial activities.[46]
5 CONCLUSION
From this study, we can conclude that F. ambigua has
antibacterial, antifungal, antialgal and anticyanobacterial
activities. This cyanobacterium can be used as cell
factory for the synthesis of antibacterial, antifungal,
antitumor as well as other value-added compounds. GCMS analysis revealed the presence of several compounds
with known pharmaceuticals and medicinal properties.
Further research are required to isolate the metabolites
from the extract, and study the molecular mechanisms of
their action on bacteria, fungi and other pathogens.
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