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INTRODUCTION

Microorganisms modify their biochemical compo-
sition in response to the environmental factors including
nutrient availability, light, temperature and salinity. The
effect of salinity stress in combination with variable tem-
perature and light intensity influence the growth[12,18].
The changes in rates of respiration and net photosyn-
thesis of lichen dominated system especially in
Stereocaulon paschale (L) Hoffm in relation to tem-
perature, moisture. The temperature optimum for net
photosynthesis about 20-30C and maximal rate of net
photosynthesis are developed at low levels and the rela-
tive light requirement is 1000E.m2.s-1[8]. Physio-chemi-
cal profiles describing the relationship between growth
and environmental factors especially irradiance flux,
density and temperature is important in the evaluation
of micro algae and cyanobacteria for biomass produc-
tion, as well as for their general characterization[9]. This
investigation reveals that the cyanobacterial species iso-
lated from cyanolichens were tested for two different

parameters for their survival effect under stress condi-
tion. Because these organisms isolated from different
and unique environment, hence it is essential to find the
ability to withstand and grow in the stress condition sepa-
rately so this is the base line study for survival and growth
stability of cyanobacteria isolated from cyanolichens was
reported.

MATERIALS AND METHODS

Isolation, identification and estimation of growth
of symbiotic cyanobacteria

Small section of cyanolichen thallus was dipped in
0.1% mercuric chloride solution and repeatedly washed
with sterile distilled water, and used for isolation of sym-
biotic cyanobacteria[15]. Sections of 30-40m thick-
ness were cut with a microtome, placed in 6cm petri
dishes on BG11 medium containing 1.5% agar[1,16,23]

and incubated at 20C under continuous light at 2,000lux
(Osram, universal white, fluorescent light, 40 W). After
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growth of cyanobiont were observed within the disin-
tegrating 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 (1932), Desikachary
(1959) and Starmach (1966). BG11 medium was used
for cultivation of symbiotic cyanobacteria[16]. Culture
medium was provided with proper light (2000lux)
source. After fifteen to twenty days of incubation pe-
riod homogenous culture was obtained thus used as
inoculum for further physicochemical studies. Standard
concentration of ingredients were taken to prepare me-
dium and dispensed in to 100ml conical flasks. The flasks
were subjected to different temperature ranges (15, 20,
30, 37 and 40C) and light intensity levels (Blue 091-
095Lux, Green 098-104Lux, and Red 167-168Lux),

separately kept as triplicates. White light (2000Lux)
was used as control.

RESULT

Effect of temperature

Three symbiotic cyanobacterial isolates were sub-
jected to different temperatures such as 15, 20, 30 and
40C. All the three cyanobacterial isolates tolerated all
the tested temperatures. The maximum growth rate was
observed at 20C for Aphanocapsa sp. (NTK28) and
Nostoc sp. (NTY30), where as 15C maximal growth
rate was observed in Nostoc sp. (NTK29) (Figure 1
a-c). The maximum chlorophyll �a� (g/ml) content was
25.260, 39.153, 51.783 (Aphanocapsa sp. (NTK28),
18.563, 46.735, 50.502 (Nostoc sp. NTY30) at 20C

Figure 1: Effect of  temperature on growth of cyanobacteria
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Figure 2: Effect of  light  intensity on growth of  cyanobacteria
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and 16.419, 37.89, 50.502 (Nostoc sp. (NTK29) at
15C on the 5, 10 and 15th day respectively. With the
increase in temperature, the growth rate gradually de-
creased in all the three symbiotic cyanobacterial iso-
lates.

Effect of light intensity

The three symbiotic cyanobacteria Aphanocapsa
sp. (NTK28), Nostoc sp. (NTK29) and Nostoc sp.
(NTY30) were exposed to different light intensities such
as 91-95lux (Blue light), 98-104lux (Green light) and
167-168lux (Red light). When compared with control
(organism exposed to white light 2000lux), no signifi-
cant growth difference (in terms of chlorophyll �a�) was

observed (Figure 2 a-c).

DISCUSSION

Growth of symbiotic cyanobacteria on different tem-
perature and light intensity was analyzed in four differ-
ent temperature conditions, namely 15C, 20C, 30C,
and 40C. Aphanocapsa sp. (NTK28) and Nostoc
sp. (NTY30) showed maximum growth in 20ºC (about

51.783g/ml and 50.502g/ml chlorophyll a content)
in fifteenth day, where as Nostoc sp. (NTK29) showed
maximal growth at 15C (about 54.309g/ml) Optimal
growth-temperature for these symbiotic organisms were
15-20C. similarly when the isolates exposed to differ-
ent light intensities such as (Blue 91-95Lux, Green 98-
104Lux, and Red 167-168Lux). No significant growth
was observed among three organisms, even though
Aphanocapsa sp. (NTK28) and Nostoc sp. (NTY30)
showed some amount of growth in the later days (chlo-
rophyll a content at the maximum 7.578g/ml) on fif-
teenth day in red light.

Cyanobacteria are famous for massive occur-
rence in eutropic waters. Because of the high phy-
toplankton-biomass concentrations and the presence
of other suspended matter; fluctuations in light inten-
sity is prevalent at this zone. For this reason the study
of both light periodicity and light irradiance is of di-
rect ecological relevance[3,11]. It is demonstrated that
growth and photosynthetic activity of phytoplankton
and cyanobacteria were affected by higher tempera-
ture[10]. There are several physical, chemical and bio-
logical parameters, which change at the time of tem-
perature and light intensity variations, but tempera-

ture is a parameter that can be easily manipulated
and whose effect can be easily studied both in natu-
ral samples and in cultures. Tilzer (1987) revealed
that higher yield of biomass can be achieved by ef-
fective light harvesting for photosynthesis and main-
tenance of energy requirements at low mean irradi-
ance. Although in the present study, no significant
growth in terms of chlorophyll a� was observed us-

ing different light sources (blue, green and red) no
experimental reports on similar aspects of symbiotic
cyanobacterial isolates from lichens are available. It
is reported that the direct temperature affects the
photosynthetic capacity (P

max
), specific respiration

and growth rate of bloom-forming cyanobacteria
(Anabaena, Aphanizomenon, and Microcystis[17].
Nostoc muscorum was reported to register least
growth in low intensity (1500lux) and increased
growth rate at 3000lux[7]. Under light limited condi-
tion in continuous culture of Anabaena sp. and
Aphanizomenon flos�aquae, Anabaena sp. showed
higher affinity and steady state of nitrogen fixation
activity than that of Aphanizomenon flos-aquae[13].
The different between the two species in their
acclimatory response is discussed in terms of a spe-
cies-specific alteration of the PSI: PSII stoichiom-
etry. Moreover with the species-specific modulation
of the accessory pigments, such an acclimation would
provide a biochemical basis for the observed physi-
ological differences. The monoculture results were
used to differentiate the niches of two species and it
was suggested that Aphanizomenon would competi-
tively displace Anabaena under N

2
-fixing, light lim-

ited condition. However, when both species were
grown together, Anabaena became dominant and
seemed to be the superior competitor for light. An-
other study revealed that the changes in plasma mem-
brane may act as primary low temperature sensor in
Synechocystis[5,6,20-22]. Altering experimentally the
molecular order of thylakoid membranes affected
dramatically the temperature range over which genes
of heat shock proteins get activated[5,6,20-21]. It was
also reported that the binding of stress protein in lipid
matrix rigidify membranes[5,6,20,21]. Thereby, it may
rapidly stabilize them under stress readjustment of
lipid molecular species. Pretreatment of organisms
with salt and temperature induces oxidative damage
to the organisms[18].



.182 Influence of temperature and light intensity on growth of symbiotic cyanobacteria

Regular Paper
RRBS, 3(4) December 2009

ACKNOWLEDGEMENT

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

REFERENCES

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

[2] T.V.Desikachary; Cyanophyta.Indian Council of
Cultural Resarch, New Delhi, India, (1959).

[3] R.H.Foy, C.E.Gibson; Br.Phycol.Journ., 17, 183-
193 (1982).

[4] L.Geitler; Cyanophyceae Rabenhorsts Kryptoga-
monflora von Deutschland, Osrerrcich und der
Schweicz.Akademische Verlagsge-sellschaft,
Lepizig, Germany, (1932).

[5] A.Glatz, I.Horvath, Z.S.Torok, V.Varvasoszki,
E.Kovacs, G.Balogh, K.Josvay, S.Natalia,
Z.S.Balogi, L.Vigh; Acta biologica Szegediensis,
46(3-4), 53 (2002).

[6] I.Horvath, A.Glatz, V.Varvasovszki, Zs.Torok,
T.Pali, G.Balogh, E.Kovacs, L.Nadasdi, S.Benk,
F.Joo, L.Vigh; Proc.Nalt.Acad.Sci.USA, 95,
3513-3518 (1998).

[7] S.Kar, P.K.Singh; Microbios., 21(85-86), 177-184
(1978).

[8] K.A.Kershaw, M.M.Smith; Canad.Journ.Bot.,
56(22), 2825-2830 (1978).

[9] G.Knusten, K.Skjanes; J.of Applied Phycol., 11,
487-491 (1999).

[10]A.Konopka, D.T.Brock; Appl.and Environ.
Microbiol, 36(4), 572-576 (1978).

[11] J.G.Loogman, A.F.Post, L.R.Mur; The influence
of periodicity in light conditions, as determined
by the trophic state of water on the growth of the
green algae Scenedesmus protuberans and the
cyanobacterium Oscillatoria agardhii.In: Barica
J.Mur L.R.(eds) hypertrophic ecosystems, Junk,
The Hague, 79-82 (1980).

[12]S.Mishra, E.W.Krumbein, A.K.J.Palinska;
Oceanological studies, 30(1-2), 3-12 (2001).

[13]D.E.W.T.Nobel, P.C.H.Matthijs, V.E.Elert,
R.L.Mur; The New Phytologist, 138(4), 579
(1998).

[14] I.M.Rafiqul, A.Hassan, G.Sulebele, C.A.Orosco,
P.Roustaian, K.C.A.Jalal; Pak.J.Biol.Scen, 6(7),
648-650 (2003).

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

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

[17]D.R.Roberts; New Zealand Journ.Of Marine and
Freshwater Resear., 21, 391-399 (1987).

[18]A.K.Srivastava, P.Bhargava, Y.Mishra, B.Shukla,
L.C.Rai; Basic Microbiol., 46(2), 135-144
(2006).

[19]M.M.Tilzer; New Zealand Jour.of Marin And
Freshwat.Resear, 21, 401-412 (1987).

[20]Zs.Torok, P.Goloubnoff, I.Horvath, N.Tsvetkova,
A.Glatz, G.Balogh, V.Varvasovszki, DA.Los,
E.Vierling, J .Crowe, A.Vigh; Proc.Natl .
Acad.Sci.USA, 98, 3098-3103 (2001).

[21]Zs.Torok, I.Horvath, P.Goloubnoff, E.Kovacs,
A.Glatz,  G.Balogh, L.Vigh; Proc.Nalt .
Acd.Sci.USA, 94, 2192 -2197 (1997).

[22]L.Vigh, DA.Los, I.Horvath, N.Murata;
Proc.Natl.Acad.Sci.USA, 90, 9090-9094 (1993).

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


