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Effect of cadmium and lead on growth of symbiotic cyanobacteria
isolated from cyanolichens
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ABSTRACT

Axenic cultures of symbiotic cyanobacterial isolates Aphanocapsa sp.
(NTK28), Nostoc sp. (NTK29 and NTY30) were subjected to different
concentrations of heavy metals such as cadmium and lead. The
concentration of cadmium and lead in the medium was 0.1, 1.0, 10, 100 and
1000 ppm, respectively. The maximum growth rate was observed for the
three tested organisms at 0.1 and 1.0 ppm concentrations whereas for the
other concentrations no significant growth was observed. In growth
concerned with Lead, initially growth could be observed at all the
concentrations, but at 15th day growth gradually decreased in Aphanocapsa
sp. (NTK28) and Nostoc sp. (NTK29), whereas there was a gradual increase
in growth in Nostoc sp. (NTY30). 2009 Trade Science Inc. - INDIA

INTRODUCTION

All organisms must possess mechanisms that regu-
late metal ion accumulation and thus, avoid heavy metal
toxicity. Several resistance mechanisms exist to lessen
or prevent metal toxicity. These include resistance to
metals that are always toxic to the cell and serve no
beneficial role, and resistance to metals such as cop-
per, iron and zinc which are toxic at high concentration
but are absolutely essential in trace amount[18]. Pres-
ence of toxic metal ions in aqueous solution due to in-
creased industry�urban activity is one of the challeng-

ing problems of environment. The common practice for
the removal of soluble metal ions includes simple chemi-
cal precipitation, ion exchange resins and solvent ex-
traction. The phenomenon of absorption of cation from

solution by biological material has been termed as
�biosorption� the superiority of biosorbent material over

conventional one is well established, owing to their wide
working pH range and nonspecific metal binding[20].
Hence, the present investigation was the preliminary
study for biosorption and growth stability effect of
cyanobacteria isolated from cyanolichens.

MATERIALS AND METHODS

Isolation, Identification and estimation of growth
of symbiotic cyanobacteria

A small section of cyanolichen thallus was dipped
in 0.1% mercuric chloride solution and repeatedly
washed with sterile distilled water, and used for iso-
lation of symbiotic cyanobacteria[16]. Sections of 30�
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40 ìm thickness were cut with a microtome, placed
in 6 cm petri dishes on BG11 medium containing 1.5%
agar[2,22] and incubated at 20°C under continuous light

at 2000 lux (Osram, universal white, fluorescent light,
40 W). After growth of cyanobiont were observed
within the disintegrating thallus sections, they were
transferred to fresh agar plates and incubated under
the same conditions. Colonies of the cyanobiont were
identified using the taxonomic publications of
Geitler[4], Desikachary[3] and Starmach[19]. BG11
medium was used for cultivation of symbiotic
cyanobacteria[17]. Culture medium was provided with
proper light (2000 lux) source. After fifteen to twenty
days of incubation period homogenous culture was
obtained and this was used as inoculum for further
physicochemical studies. Along with standard BG11
medium different concentrations (0.1, 1.0, 10, 100
and 1000 ppm) of cadmium and lead were prepared
from stock and about 50 ml each concentration was
dispensed in 100 ml conical flasks. After prepara-
tion of the media, they were inoculated with homog-
enous culture of symbiotic cyanobacteria. Growth
of cyanobacteria was measured by its chlorophyll
content[9].

RESULTS

Effect of cadmium

symbiotic cyanobacterial isolates Aphanocapsa
sp. (NTK28), Nostoc sp. (NTK29) and Nostoc sp.
(NTY30) were subjected to different concentrations
of heavy metal such as cadmium. The concentration
of cadmium in the medium was 0.1, 1.0, 10, 100
and 1000 ppm, respectively. The maximum growth
rate was observed for the three tested organisms at
0.1 and 1.0 ppm concentrations. The chlorophyll �a�
content (g/ml) was 11.367, 18.945 and 20.208 in
Aphanocapsa sp. (NTK28), 3.789, 16.419 and
26.523 in Nostoc sp. (NTK29) and 7.578, 11.360
and 12.63 in Nostoc sp. (NTY30) at 0.1 ppm cad-
mium concentration on the 5, 10 and 15th day, re-
spectively. Similarly at 1.0 ppm concentration also,
appreciable level of growth was observed (Figure
1). In other concentrations no significant growth was
observed.

Effect of lead

Growth rate of three symbiotic cyanobacteria was
carried out in various concentrations of the heavy metal
lead. At all the concentrations growth was observed
initially, but on 15th day growth gradually decreased in
Aphanocapsa sp. (NTK28), and Nostoc sp.
(NTK29), whereas there was a gradual increase in
growth in Nostoc sp. (NTY30). The maximum growth
rate was observed with 0.1 ppm concentration of lead.
Chlorophyll �a� content (g/ml) observed were 15.156
and 31.575 in Aphanocapsa sp., 15.156 and 30.312
in Nostoc sp. (NTK29) and 5.052, 12.630 in Nostoc
sp. (NTY30) (Figure 2) on the 5th and 10th day, re-
spectively.

Figure 1 : Effect of cadmium on the growth rate of three dif-
ferent cyanobacterial isolates tested
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DISCUSSION

Effect of cadmium and lead

Tolerance studies in terms of growth were carried
out for symbiotic cyanobacteria against different con-
centrations of heavy metals such as cadmium and lead.
The concentrations of heavy metals used in the medium
were 0.1, 1.0, 10, 100 and 1000 ppm. Axenic culture of
symbiotic cyanobacteria Aphanocapsa sp. (NTK28),
Nostoc sp. (NTK29) and Nostoc sp. (NTY30) were
exposed to the metals and their growth was analyzed.
Axenic cultures of symbiotic cyanobacterial isolates,
Aphanocapsa sp. (NTK28), Nostoc sp. (NTK29) and

Figure 2 : Effect of lead on the growth rate of three different
cyanobacterial isolates tested

Nostoc sp. (NTY30) were subjected to different con-
centrations of heavy metal such as cadmium. The maxi-
mum growth rate in the three tested organisms was ob-
served at 0.1 and 1.0 ppm concentrations. The chloro-
phyll �a� content (g/ml) was 11.367, 18.945 and 20.208
in Aphanocapsa sp. (NTK28), 3.789, 16.419 and
26.523 in Nostoc sp. (NTK29) and 7.578, 11.360 and
12.63 in Nostoc sp. (NTY30) with respect to 0.1 ppm
concentrations on the 5th, 10th and 15th day, respectively.
Similarly at 1.0 ppm concentration also some growth was
observed (Figure 1 a,b,c). In other concentrations, no
significant growth was observed. Growth rate of three
symbiotic cyanobacteria was studied at various concen-
trations of heavy metal lead. Growth was observed ini-
tially at all the concentrations, but on 15th day, growth
gradually decreased in Aphanocapsa sp. (NTK28), and
Nostoc sp. (NTK29) whereas it gradually increased in
Nostoc sp. (NTY30). The maximum growth rate was
observed at 0.1 ppm concentration. Chlorophyll �a� con-

tent (g/ml) 15.156 and 31.575 in Aphanocapsa sp.,
15.156 and 30.312 in Nostoc sp. (NTK29) and 5.052,
12.630 in Nostoc sp. (NTY30) (Figure 2 a-c) on 5th

and 10th day respectively. Environmental contamination
by toxic metals is a serious problem due to their accumu-
lation in the food chain and continued persistence in the
ecosystem[21]. Free living and immobilized cells of Nos-
toc sp. and Rivularia sp. were used for removal of cad-
mium in aqueous medium[6]. Toxicity of cadmium towards
cyanobacteria and algae was reported to be higher than
lead because of the many aided destructive effects of the
metal[10]. Both the metals have been observed to be toxic
to cyanobacteria[14,15]. All organisms must possess mecha-
nisms that regulate metal ion accumulation and thus avoid
heavy metal toxicity[18]. Cyanobacteria are highly adapt-
able organisms that can respond to changing environ-
mental conditions such as temperature, light and metal
ion exposure[8]. Even in symbiotic forms, manganese
decreased the effective quantum yield of photochemical
energy conversion in photosystem II of the bipartite
chlorolichen as well as bipartite cyanolichens, but it was
increased in tripartite lichen[5]. The cyanobacteria,
Microcystis aeruginosa and Microcystis floc- aquae
exist in multicellular aggregates which are surrounded by
a colonial capsule or exopolymeric matrix that can ad-
sorb substantial amounts of metal ions[1,7,11,13]. So this
type of investigation is primarily needed for the reduction
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of aquatic pollution by biosorption with cyanobacteria,
and this study gives a conclusion that at lower concen-
trations of heavy metal, the organism can grow effec-
tively than in higher concentrations.

ACKNOWLEDGEMENT

One of the authors (R.S.K) is thankful to the man-
agement of PSR Engineering College, Sivakasi, Tamil
Nadu, for providing facilities to work in the department
of Biotechnology.

REFERENCES

[1] C.Aguilar, K.Nealson; N.Y.Elsevier Oceanogr Ser.,
71, 1022 (1990).

[2] M.C.Boissiere; Bibliotheca Lichenologica., 25, 109-
116 (1987).

[3] T.V.Desikachary; �Cyanophyta�. Indian Council of

Cultural Resarch, New Delhi, India, (1959).
[4] L.Geitler; Cyanophyceae. Rabenhorsts

Kryptogamonflora von Deutschland, Osrerrcich und
der Schweicz. Akademische Verlagsgesellschaft,
Lepizig, Germany, (1932).

[5] M.Hauck, A.Paul, Spribille; Environ.Exper.Bot., 56,
216-224 (2006).

[6] D.Inthorn, S.Sombatjinda, D.Wonsirikul,
C.Wantawin; Asian J.Microbiol.Biotech.Env.Sc.,
7(3), 597-604 (2005).

[7] L.K.Jang, D.V.Nguyen, K.Kolostyak, G.G.Geesey;
Water Res., 29, 2525-2529 (1995).

[8] O.Llorca, J.L.Carrascosa; J.Biolog.Chem., 271, 68-
76 (1996).

[9] G.Mac Kinney; J.Biol.Chem., 140, 315-322 (1941).
[10] I.Mushrifah, P.J.Peterson; Microbios Lett., 45, 151-

160 (1990).

[11] M.Nakagawa, Y.Takamura, O.Yagi;
J.Agric.Biol.Chem., 1, 329-337 (1986).

[12] A.Paul, M.Hauck; Effects of manganese on chlo-
rophyll fluorescence in epiphytic cyano- and chloro-
lichens. Flora., 201 (2006).

[13] J.L.Plude, D.L.Parker, O.J.Schommer,
R.J.Timmerman, S.A.Hagstrom, J.M.Joers,
R.Hnasko; Appl.Environ.Microbiol., 57, 1696-1700
(1991).

[14] N.Rangasayatorn; Toxicity and accumulation of
cadmium absorbed cyanobacteria Spirulina
(ARTHROSPIRA) platensis on various organs of
fish, puntius gonionotus bleeker. (D.Sc., thesis in
biology). Bangkok. Faculty of graduate studies,
Mahidal Univer., (2002).

[15] N.Rangasayatorn, E.S.Upatham, M.Kruatrachue,
P.Pokethitiyook, G.R.Lanza; Environ.Pollut., 119,
45-53 (2002).

[16] B.Renner; J.Hatt.Bot.Lab., 52, 367-377 (1982).
[17] R.Rippka, J.Deruelles, J.B.Waterbury,

M.Herdmann, Y.Stanier; J.Gen.Microbiol., 111, 1-
61 (1979).

[18] S.Silver, M.Wauderhang; Microbiol.Rev., 56, 195-
264 (1992).

[19] K.Starmach; Cyanophyta � Since, Glaucophyta-

Glaukofity, Flora Slodkowodna Polski, tom 2,
Warszawa., 800 (1966).

[20] D.Verma; �Biotechnological impacts on sulfur me-

tabolizing enzymes of cyanobacterium Anacystis
nidulans�. In: (R.C.Rajak) Biotechnology of mi-

crobes and sustainable utilization. Scientific Pub-
lisher (India) Jodhpur., 323-339 (2002).

[21] B.Volesky, Z.R.Holen; Biotechnol.Prog., 11, 235-
250 (1995).

[22] J.B.Waterbury, R.Y.Stanier; Microbiol.Rev., 42, 2-
44 (1978).


