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Abstract. The effects of metabolic inhibitors, thiourea, sodium bisulphite 2, 4-dini-

trophenol, 2, 4-dinitrophenylhydrazine, actinomyein-D, cycloheximideand 8-azaguanine on the nitrogen fixing heterocystous, heterotriehous stigonematalean blue-green
alga Westiellopsis iyengarii were studied. In general three types of responses were
discernible: an inhibition of growth in higher concentrations, partial suppression of
heterocyst, and total inhibition of sporulation.
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1. Introduction

Inhibitors alter or inhibit normal metabolic events in microorgaxdsms thereby
affecting their growth and other physiological functions. Aaronson and Ardois
(1971) studied the inhibitory effect of DL-ethionine on the growth of several bluegreen-algae. Heterocyst production was inihbited by combined nitrogen (Fogg
1949; Mickelson et al 1967; Singh and Srivastava 1968; Ogawa and Cart 1969;
Chellappa 1972), or by the presence of metabolic inhibitors in the basal medium
(Singh and Kumar 1969; Bahai and Talpasayi 1971; Kale et al 1973; Tyagi 1973,
1975; Madan and Kumar 1973). Inhibitors such as nalidixic acid, hydroxyurea
and mitomycin-C prevented spore germination in Anabaena doliolum (Madan and
Kumar 1973). In the present investigation on Westiellopsis iyengarii, a stigonematalean blue-green alga, as many as 7 metabolic inhibitors were used to study their
effect on growth, heterocyst frequency and sporulation in this alga.

2. Materials and methods

An axenic culture of Westiellopsis iyengarii was grown in Allen and Arnon's (1955)
Nz free medium having the following composition:
NaC1 : 234.0 rag; K~HPO~ 3HzO : 456.0 rag; MgSO 4 7HzO : 246.0 rag; CaCI2
2HzO : 74.0 mg; Glass distilled water: 1000 ml. To this medium were added Fe
EDTA Complex and Fogg's mieronutrient solution (Fogg 1949). A litre of the
final medium had the following microelements.
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Fe as EDTA complex: 4.0 rag; Mn as MnCI 2 : 0.1 rag; Mo as Na~MoO4 2HaO :

0.I nag; B as HsBO3:0.1 rag; Cu as CuSO 4 5HaO: 0.01 rag; Zn as ZnSO 4 7HaO:

0.01 rag. The pH of the medium was adjusted to 7.0 before autoclaving.
A uniform cell suspension of the exponentially growing culture was inoculated into
20 ml of this medium (basal medium) amended with different concentrations of the
following inhibitors: 1. RNA base analogue: 8-azaguanine: 2. Inhibitors of protein
biosynthesis: (a) actinomycin-D, (b) cycloheximide and 3. Other metabolic inhibitors:
(a) thiourea, (b) sodium bisulphite, (c) 2, 4-dinitrophenol (d) 2, 3-dinitrophenyl
hydrazine. Inhibitors were either dissolved in alcohol, or in sterile distilled water
depending on their solubility and aseptically added to cool, autoclaved basal medium
to give a final concentration of 1, 10, 100 and 1000 ppm in the medium. Unamended
Allen and Arnon medium served as control. The cultures were incubated at a
temperature of 28 -t- I°C and continuous light intensity of 1500 lux. Growth of the
alga was followed by dry weight increments during the experimental period of 20
days. The number of cells and beterocysts in at least 100 randomly selected filaments was counted and the ratio of heteroeysts to total number of cells was expressed
as a percentage. At the end of the growth period microscopic observation was made
on morphological characters such a s branching, pit connections and formation of
spores.
3. R ~

The effects of metabolic inhibitors on growth, heterocyst frequency and sporulation
are presented in table 1.

3.1. Growth and heterocyst frequency
3.1.1. Thiourea: There was total inhibition of the alga in 100 and 1000 ppm and the
inhibition was partial in 1 and 10 ppm. In 1 and 10 ppm there was a decrease in
heterocyst frequency. The percentage reduction was greater in 10 ppm.
3.1.2. Sodium bisulphite: The alga showed lysis at I000 ppm but survived concentrations up to 100 ppm. Reduction in growth was significant at 100 ppm, while it was
marginal at lower concentrations. There was a decline in heterocyst frequency at 1
and 10 ppm level whereas at 100 ppm maximum inhibition was observed on the 15th
day. A slight increase in hetrocyst frequency was noticed on the 20th day.
3.1.3. 2,4-dinitrophenol: Tyagi (1973) showed that prolonged treatment with DNP
led to the onset of vacuolation in cells and loosening of intercellular connections in
Anabaena doliolum filaments. There was also a reduction in heterocyst frequency
but growth oftbe alga was not affected. IV. iyengarii did not grow in the presence of
100 and 1000 ppm of the inhibitor. The growth rate was almost similar to that of
control at 1 ppm, while at 10 ppm there was perceptible inhibition. No inhibition
of heterocysts was, however, observed in both these concentrations. In fact, heterocyst frequency showed a marginal increase over that of control.
3.1.4. 2,4-dinitrophenyl hydrazine: Growth was observed only at 1 and 10 ppm.
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I ppm level, inhibition was negligible whereas at 10 ppm level marked inhibition
occurred. There was a marked reduction of heterocyst frequency in both the concentrations. A slight increase was, however, noted between the 15th and 20th day
cultures.
3.1.5. Actinomycin-D: Kale et al (1973)had used concentrations 12.5-20.0/zg/ml of
actinomycin-D, in their study on heterocyst differentiation in Anabaena ambigua.
W. iyengarii tolerated up to 100 ppm and lysis was observed only at 1000 ppm.
Growth was slightly retarded at I ppm, inhibited at 10 ppm and severely inhibited at
100 ppm. Heterocyst frequenc~ showed reduction over control in all the concentrations up to the 15th day but showed an increase in 10 and 100 ppm levels on the
20th day.
3.1.6. Cycloheximide (acitidione): Kale et al (1973) had used 0.2, 0.4, 1.0 and
2.0 rag/1 concentrations of this substance. Their data on Anabaena ambigua indicated
that in contrast to heterocysts, proheterocysts were resistant. These were sensitive
to this inhibitor only at higher concentrations. In the present study, the inhibitor
was stimulatory at 1 ppm, and slightly inhibitory at 10 and 100 ppm levels. Heterocyst frequency was more than the control at 1 ppm level on the 5th day and declined
thereafter. At 10 and 100 ppm level there was an overall reduction of heterocysts
than the control. 20th day culture showed an increase in heterocyst frequency over
15th day culture in both the concentrations.

3.1.7. 8-azaguanine: Tyagi (1975) used this inhibitor in concentrations ranging from
0.1 mM to 0.5 raM, in his study on .4nabaena doliolum, and showed that the inhibitor
was stimulatory to growth and heterocyst production in that alga. In the present
study, the alga showed lysis at 1000 ppm; inhibition of growth was observed at 10
and 100 ppm while at 1 ppm level growth was found to be slightly more than the
control. Heterocyst frequency showed a definite reduction in all the concentrations,
and there was no increase between the 15th and 20th day culture.
3.2. Sporulation
Spores of W. iyengarii are round, thick walled, golden yellow, usually range from
4.5. to 7.5/zm in diameter and are formed in chains. In the basal medium spore
formation is initiated invariably after 15 days and reaches about 25-40% in a 20
day culture. All inhibitors used in the present study completely prevented spore
formation. In the concentrations in which the alga grew spores were not observed
even after long periods of growth. I n the presence of inhibitors sporulation was
suppressed even in the induction medium i.e. basal medium without phosphate.
When the alga was washed thoroughly and transferred to phosphate deficient medium
without inhibitors spores occurred abundantly. Other morphological characters such
as branching, pit connections, etc. were not much affected in the different treatments.
4. Discussion

Differentiation of vegetative cells into heterocysts or spores requires complex physiological and biochemical changes (Talpasayi and Bahai 1967; Tyagi 1973). Kale et al
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(1973) argue that the presence of any inhibitors in the induction medium that interferes with synthesis of nucleic acid and protein effectively prevents the formation of
heterocysts. Inhibition or promotion of heterocysts or, in other words, a decrease or
an increase in heterocyst frequency can usefully serve as an index of the metabolic
status of the alga. Two types of information can be had from published literature
on the effect of metabolic inhibitors on growth and heteroeyst frequency in bluegreen algae; one related to the stimulatory and the other inhibitory effect. Hydroxyurea, an inhibitor of DNA synthesis had a stimulatory effect on growth of Anabaena
variabilis (Singh and Kumar 1969). This was probably due to its ability to serve as
ammoniacal nitrogen source which might have drastically reduced the heterocyst
frequency. A similar stimulatory effect on growth of Anacystis nidulans was shown
by Madan and Kumar (1971). Tyagi (1975) confirmed this in his studies on Anabaena
doliolum. He suggested that there was a marginal increase of heterocyst frequency
during stationary phase of growth. On the other hand, short term experiments
conducted by Kale et al (1973) on Anabaena ambigua indicated that there was a
decrease in heterocyst frequency in the presence of inhibitors like cycloheximide,
actinomycin-D, chlorarnphenicol and 5-bromouraeil.
The results of our study on Westiellopsis iyengarii are partly in agreement with
studies conducted by Tyagi (1973, 1975). No growth was observed at 1000 ppm of
all the seven inhibitors used while in thiourea, 2, 4-dinitrophenol and 2, 4-dinitrophenyl
hydrazine there was no growth even at 100 ppm. Growth was comparable to that of
the basal medium (control) in 1 ppm of all the inhibitors except thiourea. With
increasing concentrations of the inhibitors there was decreased growth. Total
nitrogen as estimted by microkjeldahl method (a full report will be published elsewhere)
decreased at all levels of the inhibitors though the decrease was significant in 2, 4dinitrophenol, sodium bisulphite and thiourea at 1 ppm. The overall reduction in
heterocyst frequency both at I ppm at I0 ppm levels was reflected in the reduction of
total nitrogen content in all the treatments except in 2, 4-dinitrophenol where the
increased heterocyst frequency did not result in a corresponding increase in total
nitrogen. Heterocyst frequency in W. iyengarii showed two types of behaviour-one, in which there is a decrease from the 5th day to the 20th day culture and this
includes 2, 4-dinitrophenol (10 ppm), 2, 4-dinitrophenyl hydrazine (1 ppm), 8-azaguanine (1, 10 and 100 ppm), aetinomyein-D (1 ppm), eycloheximide (1 ppm) and sodium
bisulphite (1 ppm), and the other, in which there is a decrease up to the 15th day and a
marginal increase between the 15th and 20th day cultures and this is observed in
thiourea (1 and 10 ppm), sodium bisulphite (10 and 100 ppm), 2, 4-dinitrophenol
(I ppm), 2, 4-dinitrophenylhydrazine (I0 ppm), actinomycin-D (I0 and 100 ppm)
and cyeloheximide (10 and 100 ppm). The level at which inhibition of heterocyst or
growth will occur, will depend not only on the concentration of the inhibitors but
also on the tolerance or sensitivity of the alga. It is clear that W. iyengarii and other
blue-green algae studied earlier exhibit differences in their tolerance to different
inhibitors.
Sporulation in blue-green algae is very little understood and the published information appears to be fragmentary. Wolk (1965) suggested that various carbon supplements induced sporulation and phosphate deficiency triggered initiation of sporulation
in Anabaena cylindrica. Kaushik et al (I 971) found that phosphate deficiency promoted sporulation in Anabaena doliolum and Fischerella muscicola. They also reported
that addition of antibiotics or phosphates inhibited them. It is evident from our
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studies t h a t t h e r e is a t o t a l inhibition o f s p o r u l a t i o n in all t h e t r e a t m e n t s irrespective
o f t h e i n h i b i t o r s used. I n conclusion o u r results show t h a t t h e m e t a b o l i c i n h i b i t o r s
u s e d here a r e m o r e specific a n d i n h i b i t o r y t o s p o r u l a t i o n t h a n t o h e t e r o c y s t differentiation.
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