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Abstract: Chitin is the main component of the fungi cell wall and exoskeleton of insects which serve as a
defensive covering means in these organisms. Plants produce chitinase and glucanase as a systemic acquired
resistance against these pests. The amounts of these enzymes in plant tissues change by the influences of
different biotic and abiotic environmental factors which result in the defense of plants to be higher or lower.
Insecticides a class of pesticides used against insects often cause the insect populations to increase. The
reason of the phenomenon is explained with the fact that plants become more nutritious and defensive
compounds lower. We investigated the influence of three insecticides carbophos (organophosphate), lannate
(carbamate) and sumi-alfa (pyrethroid) on the hydrolase enzymes: chitinase and -1,3-glucanase, which
determine the defense mechanism of cotton plant to fungi and insects. Field experiments were conducted on
the cotton plant at the prebloom stage. Colorimetric analysis showed that the quantity of soluble proteins in
cotton leaves treated with the pyrethroid sumi-alfa increased, whereas carbophos and lannate treatment
decreased. The enzyme activities of chitinase increased after treatment with carbophos and lannate as compared
to control, whereas sumi-alfa caused to decrease. -1,3-glucanase activity of the leaves treated with lannate and
sumi-alfa was lower than the control.
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INTRODUCTION mechanisms to protect itself from pathogens and

Cotton is often damaged with different kinds of pests and phenolic compounds. PRs have been identified in
and deceases, causing serious losses of cotton crop and cottonseed [1], leaves and cotyledons, roots [2], bolls and
necessarily treated with pesticides. These chemicals may fibers [3]. PRs are distinguished by their biochemical
have unexpected side effects that cause defensive properties. They are low-molecular proteins, thermostable,
compounds to decrease. Herein, we report our studies on highly resistant to  proteases,  extractable  and stable
the effects of three insecticides (carbophos, lannate and even at low pH [4]. PRs, defined as proteins induced
sumi-alfa) on plant chitinase and -1,3-glucanase enzymes specifically in pathological or related situations [5, 6],
having a role in the defense of cotton plant against fungi accumulate not only in the infected leaves, but are also
and insects. induced systemically and are associated with the

A class of plant  proteins  induced  by  different development of systemic acquired resistance against
stress  factors  named  pathogenesis-related proteins infection by fungi, bacteria, viruses and insects. Induction
(PRs) is considered to play an  important  role  in  plant of PRs has been found in many plant species belonging
defense against pathogens and in adaptation to stressful to various families [7], which suggests they play a general
conditions. The cotton plant deploys a multitude of role in adaptation to biotic stress conditions. 

environmental  stresses;  these include stress proteins
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Among PRs chitinase and glucanase are very activity  in  young leaves of BTH-treated plants were 10-
important enzymes attaching directly on the fungi and fold higher than the levels in the control plants [19]. The
insect structural components [8]. These enzymes were resistance of three different cotton varieties was
found to be induced in potato [9], tomato [10], tobacco correlated with activities of chitinase and -1,3-glucanase
[11], pepper [12], maize, [13] cotton [14.] after damage with enzymes of cotton callus cells treated by salicylic acid, a
pathogens. They are induced by pathogens and release systemic signal in resistance mechanisms in plants.
an oligosaccharide elicitor that induces the production of Cotton callus of three different varieties treated with SA
phytoalexins [14]. exhibited  twice  higher  chitinase  and  four  times  higher

Chitinase and glucanase enzymes are also included -1,3-glucanase activity than the control with the
in plant defense to insects. Zhang et al. showed the maximum rate on the 5  day of the treatment [14]. 
increased level -1,3-glucanase and acidic chitinase genes Chitinases were also used to control insect and pest
by the attack of mealybug Phenacoccus solenopsis, -1,3- population. The expression of poplar chitinase in tomato
glucanase and acidic chitinase transcript levels were led to inhibition of development in colorado potato beetle
consecutively induced for 7d, with maximum induction at [20]. Ding et al. showed that, the expression of insect’s
the 7  and at the 5  day of the treatment [15]. -1,3- chitinases in transgenic tobacco plants exhibited highth th

glucanases can synergistically enhance antifungal resistance to infection of tobacco budworm Heliothis
activity of chitinases both in vitro and in vivo. Co- virescens one of the important economic pests of cotton
expression of chitinase and glucanase genes in tobacco plant [21]. However, the influences of different
resulted in enhancement of resistance against C. insecticides to defense mechanism of cotton plant have
nicotianae [16, 17]. Jongedijk et al. showed that, been being learnt, their effects on hydrolases are not well
simultaneous expression of the basic tobacco chitinase studied. Since chitinase and -1,3-glucanase are included
and glucanase genes resulted in significant protection in in cotton plant defense mechanism, to search the effects
tomato, against F. oxysporum f.sp. lycopersici and of pesticides on their activity is very significant.
transgenic plants with the expression of either one of
these genes were not protected [18]. Sela-Buurlage et al. MATERIALS AND METHODS
showed that the class I, vacuolar chitinase and -1,3-
glucanase were the most active acting synergistically Experimental Design: Field experiments were conducted
against Fusarium solani germlings and the class II on cotton variety S 26 growing at the pre-bloom stage in
chitinases showed limited growth inhibitory activity in the fields of the Institute for Plant Protection of
combination with higher amounts of class I -1,3- Uzbekistan. (Tashkent Region, Kibray District, Salar). The
glucanase. However, the class II isoforms of the two concentration of each insecticide was prepared according
hydrolases exhibited no antifungal activity [8]. to consumption normally used by producers and control

Cotton damage by insects and fungi pathogens is leaves were treated with pure water (Table 1). 
one of the most significant economic problems in cotton The solutions were sprayed once in the early morning
producing countries. It follows to  search  chitinase  and at 6:00 to 6:30 on 5 July 2012. Since we planned to have

-1,3-glucanase enzymes since chitin is the main average results for young and old leaves in different plant
structural component of insects and fungi. Inbar et al. height levels, the young and old leaves were taken from
showed the effects of benzothiadiazole (BTH) a synthetic the  upper,  middle  and  lower   parts   of   the  plant
functional analog of salicylic acid on the activity of before treatment and on the10  and 13  days after
peroxidase, chitinase  and  glucanase  of  young  cotton treatment. They were averaged and lyophilized. During
leaves. BTH had a strong effect on most of the activities these two weeks there was no effect of insects in the
of the PR proteins. The  levels of chitinase and  glucanase treated fields.

th

th th

Table 1: Treatment, chemical class and application rates

Treatment Class Application rate l/ha

Control Water

Carbophos, Aerosoyuz, Russia Organophosphate 0,6

Lannate, Du-Pont, France Carbamate 0,25

Sumi-alfa, Sumimoto chemical, Japan Pyrethroid 0,5
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Protein Extractions and Analysis: Lyophilized cotton RESULTS AND DISCUSSION
leaves were ground with liquid nitrogen using a mortar
and pestle. After grinding, the proteins of control and Soluble  Proteins:  Our  former  investigations showed
treated leaves were extracted with Tris-HCl buffer (0.5 M that,  the  highest  quantities  in  soluble  proteins  were
Tris-HCl pH 6.8, 20 mM EDTA, 2 mM PMSF, 1% Triton X- on  the  10  and 13  day of the treatment [24]. Thus the
100 and 150 mM DTT) for two hours with stirring. The leaf  samples  in  control  and  treated  leaves  were  taken
mixture was filtered and supernatant proteins were on the corresponding days of the spray. The soluble
precipitated with cold absolute acetone and centrifuged proteins amount in leaf samples treated with carbophos
30 min (8 000 r/min, at 4°C). The residue was dissolved in decreased in both days. On the 10  day of the treatment,
water and freeze-dried. The quantity of soluble proteins proteins were 45% and on the 13  days 30% less than the
was determined according to Lowry [22]. For calibration control. In the samples taken on the 10  day of the
albumin bovine (from bovine serum; Sigma A7030) in treatment with lannate, soluble proteins were less than
appropriate amounts was weighed and dissolved in 42%  of  the  control  and  more  than  10%  of the  control
Na HPO   buffer  pH  7   to   provide   concentrations  of on  the  13  day  in  samples  than  the  control  leaves.2 4

10-100 µg/ml. Sumi-alfa  induced  soluble  proteins in both samples.

Chitinase  Assay:  Total  chitinase   activity  was leaves. (Table 2)
measured  by  the  amount  of  N-acetyl  glucosamine
formed during the hydrolysis of chitin. The reaction Chitinase  Activity:  Chitinase  activity  of proteins
mixture  containing  proteins,  1  mg  of  colloidal  chitin isolated  from  the  cotton   leaves   treated  with
and 14 µmol of sodium acetate buffer (pH 4.5) was carbophos and lannate was 30 and 28% higher than
incubated at 37 °C for 2 hours. Then 0.1 ml of 0.8 mol/l control on the 10  day of the treatment. Then there was a
sodium borate buffer (pH 9.1) was added and the reaction drop. On the 13  day of the lannate treatment, the enzyme
was stopped by centrifugation (6 000 rpm for 15 min) and activity did not differ from the control. Sumi-alfa treatment
0.3 ml of the supernatant was used to determine of lowered the chitinase activity. The activity was 40 and
GlcNAc according to Reissig [23]. Enzyme and substrate 42% lower than the control leaves on 10 and 13 day,
blanks were included. The activity unit of enzyme was respectively. Sumi-alfa treatment decreased the activity
defined as the mmol amount of glucose being hydrolyzed that may make the cotton plant more susceptible to fungal
for one hour. deceases. In other investigations we determined that

Glucanase  Assay: -1,3-glucanase   activity   estimated aldehydes including gossypol, hemigossypolone,
as  the  quantity  unit  of  glucose  being    formed   after methylhemigossypolone and heliocides H1-H4 to 40-50%
the  hydrolysis of laminarin within an hour at 37 Ñ. 0.1 ml on the 10, 13 and 16 day of the treatment [24]. Butî

of  0.1%  of laminarin  was  taken  and  added  0.3  ml  of chitinase activity is higher than control leaves, which
0.1  M  acetate  buffer  pH 4.7. The solution after supports its use that cotton plant is not becoming
thoroughly  stirring  was  held  at  a  constant temperature susceptible to fungi. (Fig.1)
of  37°C;  1  ml  of  the  solution  was  added  to  a  test
tube  and  3  ml  of  ferricyanide  solution   was   added. -1,3-Glucanase Activity: -1,3-glucanase is considered
The mixture was then boiled in a water bath for 10 minutes to be not only a synergist to chitinase but also it has a
and the optical density of the solution was read at 400 nm. defensive role against bacteria, since bacterial cell walls
The glucose quantity was determined based on a have 1,3 glucan bonds. The enzyme activity decreased in
calibration made before analyzing. Blank reagents were all treated leaves. However, on the 10  day of the
included. treatment with carbophos, glucanase activity was

th th

th

th

th

Their quantity was 35 and 30% more than the control

th

th

carbophos treatment lowered the quantity of terpenoid

th

Table 2: Change dynamics of soluble proteins of cotton leaves after treatment with insecticides (mg/g).

Days of the treatment Samples Control Carbophos Lannate Sumi-alfa

The 10  day 11,297±1,327 6,366±0,286 9,069±0,451 17,905±0,749th

The 13  day 10,069±0,180 7,144±0.411 11,236±0,411 14,092±0,344th
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Fig. 1: Change dynamics of chitinase activity of cotton 4. Van Loon,  L.C.,   1999.   Occurrence   and   properties
leaves treated with insecticides of  plant         pathogenesis-related       proteins.

Fig. 2: Change dynamics of -1,3-glucanase activity of families of pathogenesis-related proteins, their
cotton leaves treated with insecticides activities and comparative analysis of PR-1 type

practically the same as the control, while on the 13  day 8. Sela-Buurlage,         M.B.,          A.S.     Ponstein,th

it was one-half of the control. Lannate treatment lowered S.A. Bres-Vloemans, L.S. Melchers, P.J.M. van Den
the glucanase activity to 54 and 20% on the 10  and 13 Elzen and B.J.C. Cornelissen, 1993. Only Specificth th

days of the treatment. Sumi-alfa caused the glucanase Tobacco   (Nicotiana    tabacum)    Chitinases    and
activity to be 5.5 times and 30% lower than the control on -1,3-Clucanases   Exhibit   Antifungal   Activity.
the corresponding days of the treatment. (Fig. 2) Plant Physiol., 101: 857-863.

Thus present investigations showed that sumi-alfa 9. Boller, T., 1985. Induction of hydrolases as a defense
also caused the activity of peroxidase and reaction against pathogens. In: Cellular and
polyphenoloxidase in cotton leaves to decrease Molecular Biology of Plant Stress. Eds. J.L. Key and
[Unpublished data]. Sumi-alfa, a broad spectrum synthetic T. Kosuge. New York; Alan R. Liss., pp: 247-262.
pyrethroid insecticide containing esfenvalerate is 10. Joosten, M.H.A.J. and P.J.G.M. de Wit, 1989.
efficiently used against Native budworm (H. punctigera), Identification of several pathogenesis-related
Corn earworm (Helicoverpa armigera), Pink spotted proteins in tomato leaves inoculated with
bollworm (Pectinophora spp.) in cotton plant. However, it Cladosporium fulvum as l, 3- -glucanases and
causes the defensive compounds of cotton plant chitinases. Plant Physiol., 89: 945-951.
including the PR proteins: peroxidase, polyphenoloxidase, 11. Cote, F., J.R. Cutt, A. Asselin and D.F. Klessig, 1991.
chitinase and glucanase to decrease. Their probable side- Pathogenesis-related acidic -l,3-glucanase genes of
effects should be taken into consideration while they are tobacco are regulated by both stress and
used. developmental signals. Molecular Plant-Microbe
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