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ABSTRACT

Fatty acid composition and total lipids in 13 species of freshwater cyanobacteria isolated from
different aquatic habitats of Southern Karnataka were examined. The species grown in BG-11
medium with nitrate were harvested at exponential phase. The GC analysis showed variation in
n-saturated, unsaturated and long chain branched fatty acids with respect to location and habitat.
Of the 13 species investigated, two toxic bloom forming species such as Microcystis aeruginosa
and Nostoc linckia were also involved. Among the fatty acids detected most of them belong to
polyunsaturated fatty acids (more than 60%). The study also revealed that palmitic acid C16:0
was found in all the isolates followed by linoleic acid C18:2. In some, the long chain fatty acids
(C20:1 and C24:0) were found in lower concentrations.
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INTRODUCTION

Cyanobacteria are a diverse group of
photosynthetic  organisms found in
different habitats. In freshwaters they
form an important component of primary
producers and hence employed in
aquaculture and mariculture practices.

Their diversity and potential applications

has been worked out by Tajuddin and
Subramanian (2005). They store reserve
food materials which are the source of
pigments, lipids, vitamins and proteins
(Rastogi and Sinha 2009). In the
eutrophic lakes they form water blooms
excreting secondary metabolites toxic to
aquatic fauna (Bendarz, et. al., 2002;
Carmichael, et. al., 2001). Bury et. al.
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(1998) has shown that lipids of some
cyanobacteria  interfere  with  gill
basolateral membrane ion-extrusion
mechanisms and result in the fish deaths
after a cyanobacterial bloom. There are
some health benefits of polyunsaturated
fatty acids (PUFA) for aquatic
organisms which has spurred interest in
their commercial production. The
species of Anabaena, Nostoc and
Spirulina are consumed as food due to
their high protein and vitamin content
(Anupama 2000 ; Ciferri et. al., 1985).
Cyanobacteria contain significant
quantities of lipids and some of them are
also rich in essential fatty acids such as
linoleic and gamma linolenic acids.
Besides nutritional value, the fatty acids
of cyanobacteria are generally used to
clarify taxonomical problems (Li et. al.,
2001). According to Kenyon et. al.
(1972) four types of fatty acids exist in
cyanobacteria and are linked to
morphological characteristics. The fatty
acid composition of marine microalgae
has been studied more extensively
(Caudales et. al., 2000; Renaud et. al.,
1999; Tran et. al., 2009; Volkman et. al.,
1989) than the freshwater forms
(Caudales and Wells, 1992; Kruger et.
al., 1995; Rezanka et. al., 1982). The
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fatty acids of freshwater forms of
tropical waters are little examined except
the reports of Manoharan and
Subramanian  (1993); Mahajan and
Kamat (1995); Renaud et. al. (1999).
The present study reports on the lipids
and fatty acid composition in thirteen
species of cyanobacteria isolated from
lakes and reservoirs of Southern
Karnataka.

MATERIAL AND METHODS

Cyanobacterial isolates

The species namely, Oscillatoria
calcuttensis and Oscillatoria chlorina
were isolated from Mangalore dairy
effluents and sewage drain  of
Mangalore, respectively;  Oscillatora
acuminata was from a water tank at
Malavalli of Mandya District; Nostoc
linckia, Microcystis aeruginosa and
Oscillatoria perornata were isolated
from Kukkarahalli tank of Mysore;
Lyngbya limnetica, Phormidium
purpurescens, Calothrix fusca and
Scytonema bohnerii were from a sulfur
spring in Dakshina Kannada District;
Lyngbya dendrobia and Phormidium

anomala were isolated from Shimsha
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reservoir of Mandya District; Lyngbya
spiralis and Phormidium ambiguum
were isolated from a fish tank at
Lakkavalli and Bhadra reservoir of
Chickmagalore District respectively and
Oscillatoria amoena was isolated from

Hemavathi reservoir of Hassan District.

Culture conditions

The species were cultured in the
laboratory and grown aseptically on dry
agar (Dor et. al., 1987) and then in BG-
11 growth medium with nitrate (Stainer
et. al.,, 1971) and were maintained at
26+2°C under constant illumination (14
h light: 10 h dark at 2000 lux) before

their harvest at exponential phase.

Extraction of total lipids

Extractions of total lipids were
done by chloroform/methanol extraction
method described by Rezanka et. al.
(1982).

Fatty acid analysis
Fatty acid methyl esters (FAME)

were prepared from total lipid fractions

using HCIl-methanol as described
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elsewhere (Pauda- Resurreccion et. al.,
1979 and Rezanka et. al., 1982).

Gas chromatography of FAME

Methyl esterified samples were
diluted (40pl FAME sample+960 pl n-
hexane HPLC quality) in the sample vial
with micropipettes. The sample vials
were put in auto-injector vial tray. The
sample (1ul) was injected into the gas
chromatograph (GC-2010, Shimadzu,
Japan) by an autoinjector and capillary
column (BPX 70, 30 m, 0.25 mm diam,
0.25 pm film thickness). The elutants
were detected on flame ionization
detector. The GC column temperature
was set at 100° C per 3 min and
increased to 280° C. The injector
temperature was kept at 225°C. The flow
rate of carrier gas (nitrogen) was 1.29 ml
per min. The amplified signals were
transferred and recorded in a computer
with  GC-solutions  software. The
quantitative method was followed with
external standard mixtures of fatty acids
(C6-C24, Sigma, USA) and was run
earlier under similar conditions.

The data of total lipids were
statistically analyzed and expressed as

mean = standard deviation.
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was found that Microcystis aeruginosa
RESULTS AND DISCUSSION showed high lipid content followed by

Phormidium purpurescens, whereas in

The total lipid content in 13 Phormidium ambiguum it was lowest.
species of cyanobacteria is shown in The total lipid content was high in
Table 1 and the same in a few species at summer season and it was least in
different seasons is shown in Table 2. It monsoon.

Table 1- Total lipid content in some freshwater cyanobacteria.

Cyanobacteria Total lipid content®”
Oscillatoria calcuttensis 25.70£0.14
Oscillatoria acuminata 24.65%0.21
Nostoc linckia 18.45+0.07
Calothrix fusca 22.60+0.28
Lyngbya limnetica 18.10+0.14
Phormidium purpurescens 26.45+0.21
Microcystis aeruginosa 28.15+0.21
Lyngbya dendrobia 10.55+0.07
Oscillatoria perornata 14.10+0.14
Phormidium ambiguum 10.48+0.10
Oscillatoria amoena 18.63+0.18
Scytonema bohnerii 22.22+0.32
Oscillatoria chlorina 16.62+0.16

4 Mean * standard deviation ® percentage of total lipids
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Table 2- Total lipid content*” of cyanobacteria at different seasons.

Cyanobacteria Monsoon Post monsoon Pre monsoon
Oscillatoria culcutensis 19.18+0.18 22.68+0.13 28.10+0.10
Oscillatoria acuminata 15.60£0.20 19.28+0.02 26.23+0.23
Nostoc linckia 10.27%0.07 14.52+0.12 20.38+0.22
Microcystis aeruginosa 18.48+0.14 24.44+0.06 30.32+0.08
Oscillatoria perornata 07.82+0.13 09.37+0.37 16.62+0.08
Calothrix fusca 15.57%0.07 17.43%0.09 25.57+0.07
Lyngbya limnetica 11.53+0.37 16.62+0.12 20.33+0.16
Phormidium purpurescens 18.70+0.16 24.42+0.07 26.70+0.14

& Mean * standard deviation

The total number and percentage of fatty
acids of cyanobacteria isolated from
tanks and reservoirs are listed in Table 3
and 4. In the present study most of the
fatty acids were unsaturated (50-65 %)
although n-saturated fatty acids were
also found in most of the isolates (20-
40%). In these, major fatty acids were
palmitic acid (C16:0) ranging from 5 to
45% of the total fatty acids, oleic acid
(C18:1) and lenoleic acid (C18:2) were
also present as higher components (5 to
50%). The predominant unsaturated fatty
acids obtained were oleic acid (C18:1)
and lenoleic acid (C18:2) upto 50%.

® percentage of total lipids.

Other

observed was palmitoleic acid (C16:1)

monounsaturated  fatty acid

as lower component (upto 10%). There
were n-saturated fatty acids such as
lauric acid (C12:0), tridecanoic acid
(C13:0), (C14:0)
heptadecanoic acid (C17:0) and stearic
acid (C18:0)

determined in less amounts (upto 10%).

myristic  acid

which  were also
Among these myristic acid (C14:0) was
found only in Oscillatora acuminata. It
was also found that n-saturated fatty acid
namely, palmitic acid (C16:0) was

present in all the 13 species.
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Table 3- Fatty acids present in different species of cyanobacteria.

Cyanobacteria

Fatty acids Oc ©Oa NI Cf LI Pp Ma Ld Op Pa ©Oa Sb Oc
Lauric acid + + - - - - - - - + - - -
C12:0

Tridecanoic Acid - + - - - - + - - - - - -
C13:0

Myristic acid - + - - - - - - - - - - -
C14:0

Palmitic acid + + + + + + + + + + + + +
C16:0

Palmitoleic acid  + + - - - + - + + - - - -
16:1

Heptadecanoic + + - - - - - - - - - - -
acid C17:0

Stearic acid + + - - - + + - - - - - +
C18:0

Oleic acid + + + - + + - + - - + - +
C18:1

Linoleic acid + + + + + + + + - - + + +
C18:2

a-linolenic acid - - - - - - + - - - - - -
C18:3

y-linolenic acid - - - - - - + - - - - - -
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C18:3

Cis-11-

C20:1

C24:0

eicosenoic acid

Lignoceric acid -
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+ Present,

- Absent

Table 4- Fatty acid composition (%) of cyanobacteria®isolated from different habitats.

Cyanobacteria

Fatty Acid O.c O.a N .l Cf LI P.p Ma Ld Op Pa Oa Sb Oc
n-Saturated

Total 4191 4573 454 83 424 4852 49.18 29.1 37.1 1427 189 60.1 22.16
Dodecanoic 3.67 282 - - - - - - - 487 - - -
(12:0)

Tridecanoic - 276 - - - 3.70 - - - - - - -
(13:0)

Tetradecanoic - 2.67 - - - - - - - - - - -
(14:0)

Hexadecanoic 25,6 243 454 83 424 394 452 291 371 94 189 60.1 174
(16:0)

Heptadecanoic 748 1032 - - - - - - - - - - -
(17:0)

Octadecanoic 5.16 2.86 - - - 542 3.98 - - - - - 4.76
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(18:0)
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Long chain saturated

Tetracosanoic
acid (24:0)

7.63
6.81

8.32

Unsaturated

Total 479 4459 545

9- Hexadecanoic 9.72  7.03

(9-16:1)
27.88 18.56

9-Octadecanoic 22.6

(9-18:1)

9,12-
Octadecadienoic
(9,12-18:2)

103 19 31.9

all- cis-9,12,15-
Octadecatrienoic
(9,12,15-18:3)
all-cis- 6,9,12-
Octadecatrienoic
(6,9,12-18:3)

7 6.4 6577 2754 27.7 5237 26.92 40

8.18 18.3 16.9

7 30.19 9.44 11.32 11.92

274 181 94 134 15 40

6.4

6.45

10.75

89

3.6

5.03

Long chain unsaturated

Cis-11-
Eicosenoic acid
(20:1)

3.88

40. c- Oscillatoria calcuttensis
O. a- Oscillatoria acuminata
N. I- Nostoc linckia

C. f- Calothrix fusca

L. I- Lyngbya limnetica O. p- Oscillatoria perornata

P. p- Phormidium purpurescens P. a- Phormidium ambiguum
M. a- Microcystis aeruginosa O .a- Oscillatoria amoena
L. d- Lyngbya dendrobia S. b- Scytonema bohnerii

O. c- Oscillatoria chlorina
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The polyunsaturated fatty acids
such as a-linolenic acid (C18:3) (ALA)
and y- linolenic acid (C18:3) (GLA)
were found only in  Microcystis
aeruginosa (upto 6-10 %). Similarly,
Cis-11-eicosenoic acid (C20:1) was
found only in Microcystis aeruginosa
(upto 4%). In the study it was also
observed that saturated long chain fatty
acid namely, lignoceric acid (C24:0) was
found in few isolates (upto 8%) as lower
components.

Lipids have been recognized as
essential components in human and
animal nutrition and are used as feed
additives in aquaculture. Microalgae are
traditionally used for bivalves in mollusc
hatcheries. They are primary producers
in mariculture i.e. food for consumers
such as rotifers, copepods, daphnia,
brine shrimps etc. which are fed to late
larval and juvenile fishes and
crustaceans (Fraser et. al., 1989;
Langdon et. al., 1981; Pernet et. al.,
2003; Viso et. al. 1993). The fatty acids
of cyanobacteria are either saturated or
unsaturated. They can also tolerate
environmental stresses such as heat,
cold, desiccation, salinity etc. (Agarwal
et. al., 2000, 2002 ; Benjamin et. al.,
2008 ; Sinha, et. al., 1996 ; Tandeau et.

Fatty acid composition in some freshwater cyanobacteria

al., 1993). Among the investigations
(Holton et. al., 1964 ; Kenyon et. al.,
1972 ; Lennarz et. al., 1966 ; Rezanka,
et. al., 1982) the major types are
hexadecanoic (16:0), 9-hexadecenoic
(16:1), hexadecadienoic (16:2),
octadecanoic (18:0) and 9-octadecenoic
(18:1).

The fatty acids i.e. (PUFA) play
an important role in human metabolic
pathways, particularly as  specific
precursors for prostaglandin E1 (Mendes
et. al., 2006). The PUFA including the
essential fatty acids namely, linoleic
acid, a-linolenic acid (ALA) and y-
linolenic acid (GLA) are important in
pharmaceutical industry. The y-linolenic
acid is recognized as a promising
therapeutic agent for numerous health
disorders acting as a precursor for
prostaglandin ~ E1, an  important
compound necessary for reducing
inflammation and in treatment of heart
disease, Parkinson disease, multiple
sclerosis, plasma cholesterol levels,
dermatitis, diabetes, and pre-menstrual
syndrome (Biagi et. al., 1991; Ghazala
et. al., 2005; Tran et. al., 2009;
Wainwright et. al.,, 1996). The
cyanobacteria are capable of

accumulating 1% of GLA in the dry cell
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mass. Under certain environmental
conditions viz., high light intensity and
low temperature, the GLA to total fatty
acid ratio could be enhanced up to
31.7% (Cohen et. al., 1993). The PUFA
play an important role in regulating cell
membrane properties and serve as
precursors  for  important  animal
hormones and are found to be critical in
maintaining high growth, survival and
reproductive rates and hence play an
important role in the aquaculture studies
(Brett et. al., 1997).

The previous studies have shown
that the physical characteristics of
thylakoid membrane of cyanobacteria
are mainly determined by extant of
PUFA in membrane lipids. These
thylakoid membranes containing high
level of PUFA tend to decrease the
phase transition temperature and
increase the fluidity of membrane lipids.
Besides, it has been found that PUFA are
important for the growth and the ability
to tolerate photoinhibition of
photosynthesis at low temperatures
(Volkman et. al., 1989; Wada, et. al.,
1990). Hence these molecules are
essential to maintain the stability and
fluidity of the membrane at low

temperature.
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CONCLUSION

The study documents the lipid
and fatty acid content in cyanobacteria
and indicates that the total lipid content
and their constituent fatty acid
composition vary with their groups,
location and the habitat. Some of these
freshwater cyanobacteria are a source of
essential fatty acids that are of
commercial interest, including linoleic,
and a-and y- linolenic acids, among
others. Further, some cyanobacteria
serve as an important source of essential
fatty acids for aquatic animals; their
survival and growth rates are related to
fatty acid content of the feeds. The GC
analysis has indicated the presence of
palmitic acid in all the species followed

by linoleic acid.
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