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Insecticides are used worldwide in agriculture in vast amount every year. Use of pyrethroid
insecticides has increased during past two decades due to their high knock down action and
considerably low mammalian toxicity. Residual toxicity of the insecticides has also gone up
due to their extensive use making it necessary to develop strategies for their rapid detoxification
in the environment. The present study was undertaken to study the response of normal and
cypermethrin pre-exposed Anabaena sp. PCC 7119 strains against the pyrethroid insecticide.
Assay for 5 days showed enhanced growth performance of the tolerant strain up to 40 pM
cypermethrin compared to that of normal strain. The stress indicating fluorescence parameters,
viz., relative variable fluorescence at J level (VJ), net rate of PSII closure (M,) and effective
dissipation of active RC (DI/RC) were low in the strain having tolerance than of a normal
one. Similarly, there was enhancement of the photosynthetic efficiency measured through the
estimation of variable fluorescence (F ) and fluorescence yield. The plant efficiency measured
through derived fluorescence parameters, viz., maximum trapping rate of active PSIl (TR/
RC), trapping probability (TR /Abs), electron transport probability (ET/TR,), and electron
transport in active RC (ET/RC) showed higher values in the tolerant strain than in the normal
one.

© 2012 Orissa Botanical Society

1.  Introduction

ecosystems in agricultural fields are thus at risk of being
negatively affected by these chemicals (Kallqvist and

Pyrethroids are widely used as pest control agents in
a wide array of indoors and out door applications, including
medicinal, veterinary and agriculture sector and are the
synthetic derivative of natural pyrethrins with greater
potenticy and environment stability (Elloiott and Janes,
1978). Cypermethrin was introduced on the market in late
1970s and has since been used on a wide range of crops
due to its high pesticidal activity and low mammalian toxicity
relative to other insecticides. Several recent studies show
that pesticide residues frequently occur in surface water
and soil in agricultural areas (Larson ef al., 1999). Many
aquatic and soil algal and cyanobacterial species are known
to be affected by the non-target effects of pesticides
(Mohapatra and Mohanty, 1992; Mohapatra et al, 1996,
2003; Barata et al., 2006; Jena et al., 2012). Aquatic
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Ramstad, 1994; Ahmad, 2008; Cycon et al., 2012; Tandon et
al., 2012; Jena et al., 2012).

Insecticide resistance is an important feature under
natural condition and many organisms ranging from the
target insect(s) to bacteria are known to develop resistance
on prolonged exposure to non-cidal concentrations of the
insecticides (Kostaropoulos et al., 2001; El-Latif and
Subrahmaniyam, 2010). Pyrethroid resistance in insects has
been recorded worldwide (Agosin, 1985; Wendt-Rasch et
al., 2003). Resistance has been found in bacteria though the
exact mechanism of resistance is yet to be properly
deciphered. Cytochrome P450 mediated detoxification of OP
insecticides has been recorded in bacteria and cyanobacteria
(Rodriguez et al., 1993; Cheikh et al., 1998). There are also
informations on esterase mediated detoxification of OP
chemicals and both general and specific esterases have
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been found effective to metabolically hydrolyse the
insecticides (Sogorb et al., 1998; Sogorb and Vilanova, 2002;
Trovaslet-Leroy et al., 2011). However, there is hardly any
information of such activity against pyrethroid insecticides
in cyanobacteria though the same has been recorded in
many other organisms (Qu et al, 2000; El-Latif and
Subrahmaniyam, 2010; Tandon ef al., 2012). Moreover
resistance of cyanobacteria against pyrethroid insecticides
has not yet been documented. The purpose of the present
study was to examine the effects of cypermethrin, a
pyrethroid insecticide, on the normal and 30 pM cypermethrin
tolerant Anabaena sp PCC 7119. The paper focuses on the
effects of exposure to cypermethrin on the OIJP fluorescence
transient and photosynthetic activity.

2.  Materials and methods

The filamentous and heterocystous cyanobacterium
Anabaena sp. PCC 7119  of normal and 30 uM cypermethrin
tolerant strain was chosen as test organism for this work.
The organism was maintained in non absorbent cotton
stopper 250 ml flasks containing 250 ml B.G-11 medium
(Rippka et al., 1979). Actively growing cells were taken at
an initial inoculums density with absorbance of 0.05 at 678
nm (3.664 = 0.113 pg Chl a / 107 cells). The inocula were
prepared in a sterile growth medium 2 h before the experiment.
All stocks and experimental cultures were grown in a culture
room at 29 + 2°C with a continuous irradiance of 35 LE/m?
s. The stock solution (10 mM) of cypermethrin 25 EC [(R,
S)-o. — Cyano — 3 — phenoxybenzyl — 2, 2 — dimethyl (1R,
1S) cis, trans — (2, 2- dichlorovinyl) cyclopropane
carboxylate] was freshly prepared by dissolving the
commercial formulation of the insecticide in equal volume of
acetone and diluted with freshly prepared aqueous medium.
Required volumes of the stock solution were added
aseptically to the experimental culture flasks/ tubes to
achieve desired treatment concentrations (5-40 uM). The
cultures were grown for 5 days under the growth conditions
same as that of the stock cultures and then the effect was
measured.

The absorbance of the homogenized culture
suspension was measured at 678 nm and 630 nm, using UV
-1700 pharmaspec UV - Vis spectrophotometer (Shimadzu,
Japan), as growth parameters. The extraction of
photosynthetic pigment was made in methanol following
the standard extraction protocol for cyanobacteria and
absorbance values of extracts were converted to biomass
(mg pigment/ 1 of culture) following the equation of
Hirschberg and Chamoviz (1994). Extraction and
quantification of the cellular protein content was done by
following the protocol of Lowry et al. (1951). The absorbance
values were converted to biomass of protein using a

standard curve prepared through same procedure taking
bovine serum albumin as substrate. Measurement of
carbohydrate content of cultures was made following the
anthrone reagent method of Roe (1955). The absorbance
values were converted to biomass of carbohydrate through
the regression equation of a standard slope prepared by
using glucose.

The chlorophyll a fluorescence was measured through
the liquid culture attachment of a plant efficiency analyzer
(Handy PEA, Hansatech Instruments, Norfolk, UK) following
the protocol of Jena ef al. (2012). The homogenized culture
of the cyanobacterium was taken in 2 ml capacity glass vials
fitted with aluminum screw cap and the vials were placed in
dark for 15 minutes for complete relaxation of PS II RCs.
Each vial was then thoroughly shaken and placed in the
measuring chamber of the attachment. The measuring gain
of the attachment and the PEA were fixed at 1.0 and 0.7 (rel
units), respectively. The fluorescence was induced by a
saturating white light pulse at an irradiance of 1500 WE/ m%s
provided from the internal light source of the liquid culture
attachment. The fluorescence rise of O, J, I and P levels
were recorded after 50 us (F, us), 2 ms (F)), 30 ms (F)) and
T, (F ), respectively. Several fluorescence parameters, viz.,
variable fluorescence (F ), relative variable fluorescence at
J level (Vj), net rate of PSII closure (M), maximum quantum
yield of primary photochemistry (¢P,), probability of exciton
movement beyond Q, (¥ ), quantum yield of electron
transport (), quantum yield of energy dissipation (¢D,),
maximum trapping rate of active PSII (TR /RC), electron
transport in active RC (ET/RC), effective dissipation of
active RC (DI /RC), and the performance index of primary
photochemistry (PI) were calculated from the OJIP
fluorescence transient following the equations of Force et
al. (2003) and Strasser ef al. (2005). The photosynthetic flux
parameters, absorption flux, trapped energy flux, electron
transport flux and dissipation flux per RC and the performance
of primary photochemistry were also analyzed for estimation
of the photosynthetic efficiency of cells.

The samples were taken in triplicate and treatments
were made with graded concentrations of the insecticide. In
all cases the stock culture used was the one, which was
continuously maintained at 30 uM insecticide and other
untreated normal strain. The data presented in tables and
figures are the means of replicates of two successive
experiments. Comparison among means have been done
wherever necessary using standard statical methods (Gomez
and Gomeez, 1984).

3. Results and discussion

Significant reduction in the culture absorbance at 678
nm and 630 nm on treatment of normal cultures with graded
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concentrations of the insecticide. Concurrently there was
similar pattern of the cellular carbohydrate and protein
contents in the normal cultures (Table 1). On the other
hand, the growth of the tolerant cultures were found
significantly enhanced by the insecticide at concentrations
< 10 mM. The other higher concentrations < 30 mM caused
only insignificant reduction of growth and biochemical
content of cells during the treatment period.

In normal strain of cyanobacterium a significant
reduction of chl a and carotenoid content was observed
with increase in the concentration of cypermethrin indicating
down regulation of photosynthetic pigments for survival.
The Chl a/ Car ratio did not differ significantly even though
a slight increase in the ratio in the treated cultures was
observed. This proved that both the photosynthetic
pigments were more or less equally affected by the
insectides. This is in agreement with the results observed
on treatment with other insecticides (Mohapatra ef al., 1992;
1996; 2003; 2010; Jena et al., 2012). A comparatively high
amount of pigment content in the tolerant strains on
treatment the same concentrations of the insecticide showed
that the cyanobacterium was not adversely affected by the
insecticide concentrations taken in the study though
significant inhibition of growth and biochemical contents of
cells were reported at these concentrations in the normal
strain.

The cellular protein and carbohydrate content of normal
strain decreased with increase in cypermethrin
concentrations whereas the tolerant strain of cyanobacterium
showed no significant change in the metabolite content
(Table 1). This strengths the fact that the cyanobacterium
was metabolically active in the presence of the insecticide
concentrations, that are found growth inhibitory to the normal
strain. Growth enhancement indicated that the
cyanobacterium not only tolerated the insecticide in the
applied concentration but also utilized the same as a nutrient
source. Such phenomena have been reported in bacteria
and cyanobacteria at low insecticide concentrations. It has
also been reported that OP insecticides accelerate the growth
of soil algae and cyanobacteria at field concentration
(Mohapatra and Schiewer, 2000; Li et al., 2010).

The variable fluorescence is an indicator of
photosynthetic activity of green plants and the fluorescence
responses are highly correlated with the chlorophyll content
of the photosynthetic structure (Strasser et al., 1995; Elias
et al., 2004; Strasser et al., 2005; Marques da Silva, 2007).
Healthy plants show high variable fluorescence than of
stressed ones (Strasser ef al., 1995; 2005; Marques da Silva,
2007). Cyanobacteria often show low variable fluorescence
as the fluorescence rise in such organisms is significantly

low compared to green plants (Mohapatra and Schiewer,
2000; Li e al,, 2010). It is because of the fact that a significant
part of the antenna pigments in cyanobacteria are
phycobiliproteins (organized as membrane complexes called
phycobilisomes) which do not absorb the red light applied
to generate fluorescence.

The shape of OJIP fluorescence rise has been found
to be very sensitive to stress caused by changes in different
environmental conditions, e.g., light intensity, temperature,
drought, atmospheric CO, concentration and chemical
influences (Tsimilli-Michael ez al., 2000; Strasser et al., 2005;
Antal and Rubin, 2008; Li et al., 2010; Mohapatra et al.,
2010; Jena et al., 2012). The observations showed that the
shape of the OJIP rise and also that of the relative variable
fluorescence [V(t)] was significantly changed only in normal
strain (Fig.1) but such change was not reported in the
tolerant strains in response to the treatment with the selected
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Fig.1. The OJIP fluorescence transient of normal and
cypermethrin tolerant Anabaena sp. PCC 7119 strains
exposed to different concentrations of the insecticide for 5
days. The transients represent the relative variable
fluorescence [V(t)]. Cypermethrin concentrations (uM): (CI)0,
(W) 5, (A) 10, (o) 20, (@) 30, and () 40.
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concentrations of the insecticide. There was a rise in the
fluorescence at J level in the normal strain and this increased
with the increase in the insecticide concentration. Variable
fluorescence and fluorescence yield (P,) showed a higher
value in tolerance strain then that of normal one. Treatment
of the cyanobacterium with 40 uM of cypermethrin caused
high values of the V|, M, oD, and DI /RC whereas the low
values of performance parameters y, E, TR /RC and ET/
RC were reported indicating that at this concentration of the
insecticide the cyanobacterium was at stress in both normal
and tolerant strains (Table 2). No significant variation in
these parameters were observed at concentrations < 30 mM
of cypermethrin in the tolerant strain indicating that the
cyanobacterium could become able to tolerate these
concentrations of the insecticide but not so in the normal
strain.

Lazar (2003) has observed that J fluorescence rise (the
slope of initial fluorescence rise) is caused by an increase
in the accumulation of excited states that are formed when
Q, is reduced and when Q, is reduced together with single-
or double- reduced Q,. There is also a relative increase of
F, with 40 uM of the insecticide, indicating the increase in
Q, reduction at the beginning but improvement of multiple
turn over events with adaptation (Mohapatra et al., 2010;
Li et al., 2010). In tolerance strain there is a stabilization in
the PSII-PSI electron flow indicating its well adaptation to
high concentrations of insecticide compared to the normal
strain.

4. Conclusion

The study showed that prolonged exposure of
Anabaena sp. PCC 7119 to growth inhibitory concentrations
of cypermethrin induced tolerance of the cyanobacterium
to the insecticide. The growth and photosynthetic efficiency
of the cyanobacterium was not significantly affected by the
insecticide at concentrations < 30 mM whereas the
insecticide could strongly inhibited the growth and metabolic
performance of normal strain of the cyanobacterium. The
tolerant strain of Anabaena sp. PCC 7119 could grow well
at concentrations much higher than that possible in the
environment achieved after commercial application of the
insecticide. Thus it can be inferred that the cyanobacterium
can be a good candidate for accelerated degradation of the
insecticide of contaminated fields.

References

Agosin, M. (1985). Role of microsomal oxidations in
insecticide degradation, In: Kerkut, GA. and Gilbert,
L.I. (ed.), Comprehensive Insect Physiology,
Biochemistry and Pharmacology, Vol. 12, Pergamon
Press, New York, pp. 647-712.

Ahmad, M. (2008). Potentiation between pyrethroid and
organophosphate insecticides in resistant field
populations of cotton bollworm Helicoverpa armigera
(Lepidoptera: Noctuidae) in Pakistan. Pestic. Biochem.
Physiol. 91: 24-31.

Antal, T. and Rubin, A. (2008). In vivo analysis of chlorophyll
a fluorescence induction. Photosynth. Res. 96: 217—
226.

Barata, C., Baird, D. J., Nogueira, A. J. A., Soares, A. M. V.
M. and Riva, M. C. (2006). Toxicity of binary mixtures
of metals and pyrethroid insecticides to Daphnia
magna Straus. Implications for multi-substance risks
assessment. Aquat. Toxicol. 78: 1-14.

Cheikh, H. B., Ali-Haouas, B., Marquine, M. and Pasteur, N.
(1998). Resistance to organophosphorous and
pyrethroid insecticides in Culex pipiens (Diptera:
Culicidae) from Tunisia. J. Med. Entomol. 35: 251-260.

Cycon, M., Wojcik, M., Borymski, S. and Piotrowska-Seget,
Z.(2012). A broad-spectrum analysis of the effects of
teflubenzuron exposure on the biochemical activities
and microbial community structure of soil. J. Environ.
Manag. 108: 27-35.

Elias, E., Marques da Silva, J., Antunes, R. and Bernardes
da Silva, A. (2004). Modulated chlorophyll fluorescence
and post-harvesting control of ““Rocha’ pear quality.
II. Fluorescence as an indicator of maturation. In:
Barreiro, G. (ed.), Actas do IV Simposio Iberico sobre
Maturacoa e Pos-Colheita. Estacoa Agronomica
Nocional, Oeiras, pp. 179-183.

El-Latif, A. O. A. and Subrahmanyam, B. (2010). Glutathione
S—transferase in the defence against pyrethroids in
insects. Pestic. Biochem. Physiol. 96: 155-159.

Elloiott, M. and Janes, N. F. (1978). Synthetic pyrethroids-
a new class of insecticides. Chem. Soc. Rev. 7: 473-
505.

Force, L., Critchley, C., Van Rensen, J. J. S. (2003). New
fluorescence parameters for monitoring photosynthesis
in plant: I. The effect of illumination on fluorescence
parameters of the JIP test. Photosynth. Res. 90: 1-19.

Gomez, A. A. and Gomeez, K. A. (1984). Statistical Procedures
for Agricultural Research, John Wiley and Sons, New
York.

Hirschberg, J. and Chamovitz, D. (1994). Carotenoids in
cyanobacteria. In. Bryant, D.A. (ed.) The Molecular
Biology of Cyanobacteria, Kluwer Academic Publ., The
Netherlands. pp. 559-579.

Jena, S., Acharya, S. and Mohapatra, P. K. (2012). Variation
in effects of four OP insecticides on photosynthetic
pigment fluorescence of Chlorella vulgaris Beij.
Ecotoxicol. Environ. Saf. 80: 111-117.

Kallgvist, T. and Romstad, R. (1994). Effects of agricultural
pesticides on planktonic algae and cyanobacteria -



Tolerance of Anabaena sp. PCC 7119 to cypermethrin 53

examples of interspecies variations. Norw. J. Agric.
Sci. 13 (Suppl.): 117-/131.

Kostaropoulos, 1., Papadopoulos, A. 1., Metaxakis, A.,
Boukouvala, E. and Mourkidou, E. P. (2001). Pyrethroid
resistance and esterase activity in three strains of the
cotton bollworm, Helicoverpa armigera (Hiibner).
Insect Biochem. Molec. Biol. 31: 313-319.

Lazar, D. (2003). Chlorophyll @ fluorescence rise induced by
high light illumination of dark adapted plant issues
tudied by means of a model of photosystem II and
considering photosystem II heterogeneity. J. Theor.
Biol. 220: 469-503.

Li, L., Chen, X., Zhang, D. and Pan, X. (2010). Effects of
insecticide acetamiprid on photosystem II (PSII)
activity of Symechocystis sp. (FACHB-898). Pestic.
Biochem. Physiol., 98: 300-304.

Lowry, O. H., Rosebrough, N. J., Farr, A. B. L. and Randall,
R. J. (1951). Protein measurement with the folin phenol
reagents, J. Bio. Chem. 193: 265 - 269.

Marques da Silva, J. (2007) Chlorophyll fluorescence
parameters of three Mediterranean shrubs in a summer—
autumn period in central Portugal. Biol. Plant. 51 (4):
741-745.

Mohapatra, P. K. and Mohanty, R. C. (1992). Growth pattern
changes of Chlorella vulgaris and Anabaena doliolum
due to toxicity of dimethoate and endosulfan. Bull.
Environ. Contam. Toxicol. 49: 576-581.

Mohapatra, P. K. and Schiewer, U. (1996). Influence of
dimethoate on structure and function of the natural
phytoplankton assemblage of the Darss-Zingst Bodden
Chain reared in a laboratory. Pol. J. Environ. Stud. 5:
31 - 36.

Mohapatra, P. K. and Schiewer, U. (2000). Dimethoate and
quinalphos toxicity: Pattern of photosynthetic pigment
degradation and recovery in Synechocystis sp. PCC
6803. Algological Stud. 99: 74 - 94.

Mohapatra, P. K., Khillar, R., Hansdah, B. and Mohanty, R.
C. (2010). Photosynthetic and fluorescence responses
of Solanum melongena L. to field application of
dimethoate. Ecotoxicol. Environ. Saf. 73: 78 - §3.

Mohapatra, P. K., Patra, S., Samantaray, P. K. and Mohanty,
R. C. (2003). Effect of the pyrethroid insecticide
cypermethrin on photosynthetic pigments of the
cyanobacterium Anabaena doliolum Bhar. Pol. J.
Environ. Stud. 12: 207-212.

Qu X.M., Tang, D.X. and Lin X. M. (2000). Toxicity and
synergistic mechanism of parathion-methyl and
fenvalerate mixture Jiaqing against three agricultural
pest insects, J. Huazhong Agric. Uni. 19: 424-429.

Rippka, R., Deruelles, J., Waterbury, J. B., Herdman, M. and
Stanier, R.Y. (1979). Genetic assignments, strain

histories and properties of pure culture of
cyanobacteria. J. Gen. Microbiol. 1: 1-61.

Rodriguez, M., Ortiz, E., Bisset, J.A., Hemingway, J. and
Saledo, E. (1993). Changes in malathion and pyrethroid
resistance after cypermethrin selection of Culex
quinquefasciatus field populations of Cuba. Med. Vet.
Entomol. 7: 117-121.

Roe, J. H. (1955). The determination of sugar in blood and
spinal fluid with anthrone reagent. J. Biol.Chem. 212:
335 - 343.

Sogorb, M. A. and Vilanova, E. (2002). Enzymes involved in
the detoxification of organophosphorus, carbamate and
pyrethroid insecticides through hydrolysis. Toxicol.
Lett. 128: 215-228.

Sogorb, M.A., Dy “az-Alejo, N., Escudero, M.A. and Vilanova,
E. (1998). Phosphotriesterase activity identified in
purified serum albumins. Arch. Toxicol. 72: 219-226.

Strasser, R. J., Srivastava, A. and Govindjee (1995).
Polyphasic chlorophyll a fluorescence transient in
plants and cyanobacteria. Photochem. Photobiol. 61,
32-42.

Strasser, R.J., Tsimilli-Michael, M. and Srivastava, A. (2005)
Analysis of the chlorophyll a fluorescence transient.
In: Papageorgiou, G. C., Govindjee (Eds.), Chlorophyll
Fluorescence: A Signature of Photosynthesis. Kluwer
Academic Publishers, Dordrecht-Boston-London, pp.
1-50.

Tandon, S., Pujari, A. and Sand, N. K. (2012). Degradation
of fentrazamide herbicide in soil under aerobic
condition. Bull. Environ. Contam. Toxicol. 89: 312-315.

Trovaslet-Leroy, M., Musilov, L., Renault, F., Brazzolotto,
X., Misik, J., Novotny, L., Froment, M.-T., Gillon, E.,
Loiodic, M., Verdier, L., Masson, P., Rochu, D., Jun, D.
and Nachon, F. (2011). Organophosphate hydrolases
as catalytic bioscavengers of organophosphorus nerve
agents. Toxicol. Lett. 206: 14— 23.

Tsimilli-Michael, M., Eggenberg, P., Biro, B., Kéres-Pechy,
K., Voros, 1. and Strasser, R. J. (2000). Synergistic and
antagonistic effects of arbuscular mycorrhizal fungi
and Azospirillum and Rhizobium nitrogen fixers on
the photosynthetic activity of alfalfa, probed by a
chlorophyll a polyphasic fluorescence transient O—J—
I-P. Appl. Soil Ecol. 15: 169—182.

Wendt-Rasch, L., Friberg-Jensen, U., Woin, P. and
Christoffersen, K. (2003). Effects of the pyrethroid
insecticide cypermethrin on a freshwater community
studied under field conditions. II. Direct and indirect
effects on the species composition. Aquat. Toxicol. 63:
373-389.



