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ABSTRACT

The paper deals with the impact of different concentrations (0.001, 0.01, 0.1 pg/mL) of chromium
chloride on heterocyst frequency of Nostoc carneum under laboratory culture condition (2200 lux
light intensity, 7.5 pH and 28 + 2°C temperature). The results showed a statistically significant decline
in heterocyst frequency under treated condition with respect to control. In control, heterocyst fre-
quency increased from 3.017 + 0.273% (4" day) to 6.026 + 0.315% (24" day) while it was 2.137 +
0.255% and 5.622 + 0.415% when treated with 0.001 pug/mL CrCl, on the similar days respectively. In
case of 0.01ug/mL concentration, the percentage of heterocyst frequency on 4" and 24" days was
1.952 + 0.115 and 3.536 + 0.211 which declined to be 1.587 + 0.094% and 1.117 + 0.218% under the
toxic influence of 0.1 ug/mL CrCl.,

The two way ANOVA revedled a significant variation in heterocyst frequency as an impact of
concentration of chromium chloride (F = 30.161, df = 5, 3; p <0.001) and duration of treatment (F =
4,961, df =5, 3; p <0.05) reflecting the considerable influence of both concentration and duration of
heavy metal on heterocyst frequency of N. carneum. The relation between heavy metal toxicity and
reduction in heterocyst frequency has been discussed in the paper.

INTRODUCTION

Heterocysts are differentiated cells specialized for nitrogen fixation in anaerobic environment (Singh
et al. 1999). Most of the cyanobacteria, growing diazotrophically produce these specialized cells.
The vegetative cells provide heterocystswith photosynthetically generated carbohydrate which acts
asasource of reductants and ATPis needed for nitrogen fixation. In turn, heterocyst fix and assimi-
late nitrogen as glutamine which isthen rel eased to the neighbouring vegetative cells (Wolk 1982).
Differentiations of heterocysts and their functional significance have been taken as physiological
division of labour, pattern formation, differentiation of cell, intracellular communication and devel-
opmentally regulated gene expression (Apte 1992, 1993).

Nitrogenase activity and heterocyst differentiation in nitrogen fixing cyanobacteria are usually
interrelated (Geetha & Anand 2004). Nitrogen deficiency is one of the causative factors for hetero-
cyst differentiation from vegetative cells but there are different factorsto control the heterocyst dif-
ferentiation leading to reduced frequency. Inhibitory substances produced by heterocystsif not me-
tabolized by vegetative cells, where they reach by cell-to-cell diffusion; opsinitiation of differentia-
tion. Theinactiveform of an inhibitor of heterocyst devel opment is produced by vegetative cellsand
iseither activated by a co-inhibitor derived from devel oping or matured heterocyst or by high con-
centration of fixed nitrogen (Adams 1992). Xenabiotic toxicants like herbicides and heavy metals
have been reported to haveinhibitory impact and heterocyst differentiation and thereby decreasingiits
frequency (Pandey 1985, Pandey & Tiwari 1986, Mishra & Tiwary 1986). The heterocyst frequency
assessment has now been considered as a tool of bioassay of environment but due to paucity of
knowledge and lack of data pertaining to concentration of xenobiotics and heterocyst frequency,
standard index has not been proposed.
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The present communication recordsthe heterocyst frequency with respect to different concentra-
tion of chromium chloride on Nostoc carneum (Ag.) in ideal culture conditions as an attempt to
establish relation between concentration of xenobiatic toxicity and heterocyst frequency.

MATERIALS AND METHODS

Four setsof conical flasks (250 mL size), each with four replicates containing 50 mL of basal nutrient
media (BM) with 2 mL of pure culture of Nostoc carneum were taken for experiment. One set of
inoculated flasks (four flasks) was kept as control. To other three sets 0.001, 0.01 and 0.1 pg/mL
CrCl, were introduced. All the flasks were kept covered in aseptic condition under 2200 lux light
intensity while 28 + 2°C temperatureand 7.5 pH was maintai ned.

The heterocyst frequency was estimated by counting vegetative and heterocystic cells. A drop of
the Nostoc carneum culture from control flask as well as from different flasks treated with 0.001,
0.01, 0.1 and 1.0 pg/mL CrCl,, wastaken out and put on clear glass slides. After covering it by cover
dip the dide was examined under microscope. In each focus both number of vegetative cells and
heterocysts were counted. Ten such random countings were madefor each reading. The process was
repeated on 4™, 8, 12, 16%, 20" and 24" day of culture, taking samplesfrom both control and treated
flasks. The heterocyst frequency was cal cul ated as:

Number of Heterocysts
Heterocyst frequency (%) = x 100
Total number of vegetative cell + heterocysts

OBSERVATIONS

The data generated on heterocyst frequency of Nostoc carneum have been set in Table 1 of 4™, 8",
12 16™, 20" and 24" day of chromium chloridetreatment of different concentrationswith respect to
the control. Thetreatment with different concentrations of chromium chloride hasresulted into sig-
nificant decline in heterocyst frequency from control. In case of contral the heterocyst frequency
graduallyincreased from 3.017% (4" day) t0 6.026% on 24" day. A gradual increasewas observed in
0.001 pg/mL CrCl, treated condition ranging from 2.137% to 5.622% from 4™ day to 24" day. This
increasewas cons derably lower than normal condition. Under treatment with 0.01 pg/mL of CrCl, a
dow increase in heterocyst frequency was observed from 4™ day to 20" day (1.952% to 4.017%
respectively) but heterocyst frequency declined on 24" day of treatment (3.536%). In case of 0.1
ug/mL CrCl, treatment the heterocyst frequency slightly increased (from 1.587 to 2.50%) up to 8"
day of treatment and thereafter agradual decline was observed up to 24" day. To analysethe signifi-
cance of the data between the concentration of treatment and the duration of treatment (days) were
subjected to two way analysis of variance (ANOVA, Table 2). Theanalysisreveal ed the variation of
heterocyst frequency with respect to different concentrations of treatment and different durations of
treatment which were statistically significant (F = 30.161; df = 3, 5; p <0.001; F = 4.961; df = 3,5;
p < 0.05 respectively).

DISCUSSION

Algal formsreadily respond showing morphol ogica changes asaconsequence of cytological effects
caused by higher concentrations of heavy metals (Venkataraman et al. 1992). However, no definite
pattern of change can be postulated for any specific metal as it widely varies with algal form and
growth and nutritional conditions.
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Table 1: Variation in heterocyst frequency (%) in different concentrations of chromium chloride.

Days C (BM) Chromium chloride Concentration (ug/mL) with BM
0.00 0.001 0.01 0.1
4th 3.017+ 0.273 2.137 £ 0.255 1952+ 0.115 1.587 + 0.894
gh 4.982 + 0.149 4535+ 0.275 3.355+0.181 2,507+ 0.118
12t 5.126 + 0.008 4.817 £ 0.435 3.490 + 0.091 2110+ 0.211
16t 5.872 £ 0.028 4.981 +0.210 4.042 + 0.102 1.562 + 0.317
20t 5.983 £ 0.210 5.017 £ 0.325 4017 +0.117 1.312+ 0.419
24 6.026 + 0.315 5.622 + 0.415 3.536+0.211 1.117 £ 0.218
BM = Basal medium
Table 2: Two-way analysis of variance of heterocyst frequency.
Source of Variation Sum square df MS F Significance level
Between days 11.37941 5 2.275881 4.961552 p <0.05
Between treatments 41.50507 3 13.83502 30.16114 p <0.001
Error 6.86055 15

Theresultsduring present investigation reveal agradual decreasein heterocyst frequency with an
increasein chromium chloride concentration and duration of treatment refl ecting a rel ation between
heterocyst frequency and dose as well as duration. Toxicity of heavy metal has been reported to be
affected by environmental factors like light intensity, pH (Rai et al. 1990), chelating agents
(Shanmukhappa & Need akantan 1990) and amino acids (Rai & Raizada 1985, 1988).

From the data obtained (Table 1) it may be noted that heterocyst frequency decreased with in-
creasing concentration of chromium chloride with the age of culture. Sarada (1989) reported 50%
decreasein heterocyst frequency of Anabaena oryzae by treatment with 0.1 pg/mL mercuric chloride
and 125 pg/mL zinc oxide. The heterocyst morphogenesisand frequency isa sensitive measure of the
factors that affect the growth under any given set of experimental conditions (Fogg 1949, Tyagi
1973).

Geetha & Anand (2004) reported interrel ationship of heterocyst differentiation with nitrogenase
activity in nitrogen fixing cyanobacteria. They observed marked decreasein heterocyst frequency in
A. ambigua when treated with various chemicalsin BG I medium.

Theinhibitory action of heavy metals on heterocyst frequency has been attributed to chlorophyll
pigment which directly or indirectly affects the photosynthetic el ectron transport system. Chromium
has been reported to be highly toxicto photosystem (PS) 11 (Husaini et al. 1991). The high sensitivity
of PS1I hasbeen attributed to the alteration of energy transfer capacity of phycobilisomes, themain
energy capturing antenna pigment for PS11. Heterocyst formation mainly depends upon interrel ation-
ship of metaboliteswhich provide necessary energy during morphogenesis. Hence, chromium toxic-
ity appearsto produce inhibitory effect on photosystem causing inhibition of photosynthesis and the
interrel ated pathway |eading to the formation of heterocyst.

Since heterocyst isthe site of nitrogen fixation, the heavy metal treatment impairs the nitrogen
fixation processin Nostoc carneum by not allowing differentiation of heterocysts. Such xenobiatic
substances, may it be from any source natural or anthropogenicin ahabitat, will adversely affect the
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nitrogen fixation by capable cyanobacteria. Theleve of impact dependsupon thelevel of concentra-
tion and duration of persistence of xenobiotic substances.
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