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ABSTRACT

Enzymatic activity of Na',lK'-ATPase and AChE of
cotton leafworm Spodoprern littoralis collected from
different four Egyptian field populations ranged from
heavily-sprayed fields and cultivated fields were
investigated and compared with a laboratory susceptible
population, The highest levels of Na',K™-ATPase and
AChE activities were found in Alexandria Governorate
Egypi. The moderate leveals was found in El-Boheira
Governorate, Egypt. Na",K*-ATPase and AChE and were
isolated from brain of S. fittoralis larvae (4" instar). The
sensitivity of Na*,K’-ATPase and AChE activity to
Phenothrin and Thiodicarb respectively were measured by
the I values. The I, values of Phenothrin on the Na* K*-
ATPase activity were 0.01, 0.20, 0.36, 0.61 and 0.82uM for
lab strain; Borg El-Aral; Abeis; Damanboor and Abou Fi-
Matamir respectively. The 1g, of Thiodicarh on AChE
activity were 0.22, 0.43, 0.54, .71 and 0.96uM for lab
strain and four feld strains respectively. The inhibition
constant (K;) values were delermined for Na' K'-ATPase
and ACHE inhibitors., Values ol K; in the case of
Phenothrin were 5, 18, 20, 30 and 45pM for lah strain;
Borg El-Arab; Abeis; Damanhour and Abou LI-Matamir
respeclively on  Na',K'-ATPase aclivily.  Similarly,
Thiodicarh werce 20, 28, 30, 40 and SUuM Tor kb strain and
four field strains respectively on AChE activity. The results
of the present study may add some forward steps to uses
this enzymes indicate of effect this insecticides under study,
in the IPM pregrams of the cotton leafworm.

INTRODUCTION

The Egyptian cotton leafworm Spodoptera littoralis
is the major pest attacking several crops and vegetables
in Egypt, this pest cause the greatest part of cotton yield
losses (Smagghe and Degheele, 1997; Amin ef af., 2001,
& Quero et al., 2002). Number of insecticides currently
in widespread use: Organophosphates, Carbamates and
Pyrethroids are wusually used in Egypt (Devonshire and
Moores 1982; & Arvzentine ef al., 2002), to suppress the
S. littoralis populations, however, most of them dose not
give satisfactory results. probably
development of resistance. (Ishaaya and Klein, 1990: &
El-Aw e al.. 2002). From this point the need for insect
control is essential through chemical control (Pesticides)
(Casida and Quistad 2005) so in the present study we
began to study a two target in the insect to the
knowleage about insecticide susceptibility.
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In this work, we describe the development of a
biochemical assay system for measuring the sensitivity
of Na' K -ATPase and Acetylcholinesterase (AChE) to
Phenothrin and Thiodicarb respectively. We also
provide enzyme kinetic data for the Na",K*-ATPase and
AChE in this four field strains Abeis and Borg El-Arab
(Alexandria Governorate) Damanhour and Abou Ei-
Matamir (El-Boheira Governorate), and compared them
with data obtained of lab strain,

MATERIALS AND METHODS
Insect:

a- The susceptible laboratory strain of Spodoptera
fittoralis was provided from centerali lab of
pesticides.  Agricultural  Rescarch Center (ARC)
Cairo, Egypt which was reared for several years.

b- The field strain was obtained by the collection of the
ege masses from cotton fields at Abeis and Borg El-
Arab (Alcxandrian Governorate) Damanhour and
Abou El-Matamir {El-Boheira Governorale); the g
larval instar used for asscssments.

Chemical:

Phenothrin (Pyrethroids) provided as technical grade
insecticides from U.S.A. Environmental Protection
Agency (EPA), USA. Quabain is a cardiac glycoside
which  specifically inhibits the Na',K'-ATPase
{Mcllwain,1963). A pure sample was obtained from
Sigma Chem., Co. ST. Loius. Thiodicarb {(Carbamate)
provided as technical grade insecticides from JinHung
Fine Chem., Co. LTd. Koria. Stock solutions of these
compounds were prepared in pure acetone.

Bioassay tests:

Fresh leaves of castor were dipped for Imin in
different concentrations of the tested insecticides, all
insecticides concentrations were prepared in acetone
solution. Control plants were dipped in acetone solution.
Treated and control plants were air-dried for 3hrs. The
treated leaves were placed in clean glass container at the
laboratory conditions of 27x2°C and 65-70%RH. Ten
larvae (Lah and Field strains) were used for each test
with three replicate at least. Number of alive and dead
tarvae per replicate was counted 24 and 48hr, after
treatment. Concentration-mortality percentages were
calculated and corrected for natural mortality according
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to Abbott equation (Abbott, 1925). LCsy values were
calculated by using the probit-analysis method ol Finney
(1971).
Na',K’-ATPase Preparation and Activity Assay:
Head capsoul from §. fittoralis fourth-instar larvae
dissected and homogenized in a solution of 0.32M
sucrose, ImM EDTA and 40mM Tris-HCI buffer {pH
7.4). The homogenate was filtered through two layers of
cheese cloth. Mitochondrial ATPase was prepared
according to the method reported by Koch (1969), by
differential centrifugation of the homogenate at 8000Xg
for 10min. The supernatant was then centrifuged at
20000Xg for 30min. The formed pellets were then
suspended in the buffer and stored at (- 20°C) for use.

The ATPase activity was measurements according to
the method reported by Koch (1969), with slight
modification by Morshedy (1980) using Tris-HCI buffer
instead of imidazole buffer. Absorbancy of inorganic
Phosphate (Pi) was measured at A750nm (Taussky and
Shorr, 1953). The method was based on the
spectrophotometric  determination of the inorganic
Phosphate (Pi) liberated from the hydrolysis reaction of
the ATP, mediated by the enzyme.

The ATPase activity wae measured in a total volume
of 1ml. The mitochondrial preparation was mixed with a
reaction mixture (700ul) containing 100mM Na”, 20mM
K*, 5mM Mg” chiorides, 40mM Tris-HC! buffer (pH
7.4), and 5SmM ATP. The volume was completed to
850ul with buffer. The mixture was incubated for
15min, in a shaking water bath at 37°C. The reaction
was stopped by adding 150l trichloroacetic acid (TCA,
30%). Hydrolyzed Pi was determined according to the
method, described by Taussky and Shorr, (1953). The
activity of Mg*'-ATPase was measured after the
addition of "ImiM ouabain, whereas the activity of
Na'K'-ATPase was calculated as the difference
between the total ATPase and Mg”*-ATPase activities.
AChE Preparation and Activily Assay:

Head capsoul from Spodoptera littoralis (fourth
instar larvae) was dissected and homogenized in Tris-
HCI buffer (pH 7.4) at 30 larvae/30ml buffer, with
polytron mixer (at 50% power for 50sec.), then
subjected to low speed centrifuged at 5,000 rpm for
I Smin at 4°C. The resuiting supernatant was centrifuged
at 15,000rpm for 20min at 4°C. The supernatant
centrifuged at 25,000rpm for Lhr at 4°C. Peliets were
resuspended in 1ml of Tris-HCI buffer (pH 7.4) and
stored at (-20°C) for used as enzyme source.

The AChE activity measurements were done
according to method reported by Ellman ef af, (1961).
This method is based on the hydrolysis of
acetylthiocholine iodide (ATChIl) as substrate by

enzyme (o produce thiocholine and acelic acid.
Thiocholine reacts with 5,.5-dithio bis-(2-nilrobenzoic
acid), “DTNB™ to produce the yellow anjon of 5-thio-2-
nitrobenzoic acid. The rate of color production as a
function of enzyme  activity is  measured
spectrophotometrically at A412nm. Enzyme specific
activity was computed as mg protein/hr.

The protein content in prepared homogenates of S,
littoralis was assayed spectrophotometrically by the

method of Lowery et al.. (1951) at A750nm using
Bovine Serum Albumin (BSA ) as a standard protein.

In Vive and In Vitro Inhibition and Kinetics of
Na*,K'-ATPase and AChE:

The inhibition of Na',K'-ATPase and AChE activity
were determined in all tested sources using the LCs,
values of each of the two tested insecticides (Phenothrin
and Thiodicarb) as inhibitors. The inhibitor for each of
Na',K'-ATPasc and AChE were evaluated to determine
enzyme kinctic parameters. The method of Dixon and
Webb (1964) was adopted to draw the Dixon-plots by
plotting 1/V versus concentrations of the mnhibitor at
two concentrations of the substrate. ATP (the substrate
of ATPase) concentrations were 3.0 and 5.0mM, while
acetylcholine iodide (the substrate of AChE) was used
at concentrations of 5 and 10mM.

Estimation of ls value was carried out by
preincubating the enzyme with the inhibitor for 30min.
Using the following concentrations 0.1; 1; 5; 10; 50 and
100uM. K; {the inhibition constant) values for each
inhibitor were estimated from Dixon-plot.

Michaelis-Menten Kinetics (K,, & Vi) values were
calculated by a linear regression of 6 points on each
Lineweaver and Burk Plot (1934).

RESULTS AND DISCUSSION

Toxicity of Insecticides Against Spodoptera Larvae:

Toxicity results of the insecticides expressed in
terms of LCsq are given in Tabie (!). Phenothrin LCyq
values after 24hr are 0.004, 6.011, 0.031, 0.052 and
0071ppm for lab strain; Borg El-Arab; Abeis,
Damanhour and Abou El-Matamir strains respectively.
While LCs, values afier 48hr for Phenothrin are 0.001,
0.003, 0.011, 0.031 and 0.051ppm for lab strain and the
four field strains respectively. Also Thiodicarly LCsy
values after 24hr are 0.009, (.08, 0.05, 0.07 and
0.09ppm for lab strain and the four field strains
respectively. while LCs, values after 48hr are 0.006,
(.002. 0.02, 0.04 and 0.06ppm for Thiodicarb against
lab strain and the four field strains of Spodoptera larvae
respectively.

It is clear that the toxicity was higher with the
Phenothrin and Thicdicarb for lab strain, Borg El-Arab
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Table 1. Toxicity of Phenothrin and Thiodicarb on §. litteralis larvae

Spodoptera strain locations LCs {ppm) Phenothrin LCsg (ppm) Thiodicarb
_ 24hr 48hr 24hr 48hr
Laboratory 0.004 0.001 0.009 0.006
Borg El-Arab 0.011 0.003 0.08 0.002
Abeis 0.031 0.011 0.05 0.02
Damanhour 0.052 0.031 0.07 0.04
Abou El-Matamir 0.071 0.051 0.09 0.06

and Abeis. while toxicity was low for Damanhour and
Abou El-Matamir. Also Phenothrin was more toxic than
Thiodicarb in controlling of S. littoralis. The present
results emphasize that during many years of selection
pressure in the field, the resistance and/or tolerance
levels to the insecticides had increased due to the
intensive application of such insccticides for controlling
S. lirtoralis in cotton fields. These results fully agreeded
with Davis ef al., (1975), who reported that synthetic
Pyrethroids was more toxic other tested insecticides in
controlling many species of insects. Hosny et al., (1977)
mentioned that synthetic Pyrethroids were most superior
toxicants against the cotton leafworm better than the
tested Organophosphorus insecticides. Moustafa et al.,
(1979) proved that synthetic Pyrethroids were not only
superior to Organophosphorus but also to Chlorinated
hydrocarbons and Carbamate insecticides in controlling
of cotton leafworm. Kaygisiz (1980) and McDonald
(1981) reported that synthetic Pyrethroids were the most
effective against 4" instar larvae of S. littoralis. Ishaaya
and Klein {1990) found that S fitrorafis larvae collected
from a cotton fieid that was heavily sprayed with
conventional ipsecticides showed slrong resistance to
Organophosphates. Korkor ¢f of., (1995) reported that
synthetic  Pyrethroids  were  the most cffective
insecticides against Bollworms. Mascarenhas e af.,
(1998) found that several field strains of beet
armyworm, Spodoptera exigue (Hubner), exhibited
reduce susceptibility to Chlorpyrifos and Thiodicarb.

Specific Activities of Na*,K"-ATPase and AChE:

Table(2) summarized the specific activity of Na" K-
ATPase: Mg'’-ATPase and AChE Fig (1&2) show the
specific activity of the ATPases, isolated from Lab
strain and different field strains of S. litioralis. The
maximum value of specific activity of Na’ K™-ATPase
wias lound in Lab strain and Borg El-Arab, whercas tha
the values of Na’ ,K'- and Mg’'-ATPases_activities in
brain preparations of the Spodoptera, were recorded.
Total activities of ATPase were greatest (45.86+0.13 &
41.85+0.11 respectively) in Lab strain and Borg El-
Arab, and least in the Abou El-Matamir (28.51:0.43).
Total ATPase activities were modest in Abeis and
Damanhour (the values are 38.85+0.06 & 32.94+0.17
respectively). Also observed the Na”,K'-ATPase activity
was more than the Mg*'-ATPase activity, in all different
sources.

Data presented in Table (2) and Fig (3) show the
specific activity of the AChE in the brain of the 4™
larval instar of lab strain and all tested field strains of S.
littoralis. The results show that there were significant
differences in AChE specific activity between the
strains. AChE activity were higher in the lab strain, Borg
El-Arab. and  Abeis  (the values are 31.86+0.05,
26.56£0.37 & 20.170.15 A 0 412 mg' Protein hr'
respectively) than Damanhour and Abou El-Matamir

(the values are 14.28+0.12 & 10.61£0.09 A 412 mg”!
Protein hr™' respectively).

Table 2. Na" K'-ATPase and AChE specific activities Spodoptera brain larve (4" instar) in different

local strains

Specific activities £ S.D

Spodoptera S AT ATPase  Na"K-ATPase Mg “ATPase ACHE
Laboratory BSE6E013 6825004 9.02% 0.01 3186 % 0.05
Borg El-Arab 41.85+0.11 30.92 % 0.13 7334010 26.56%037
Abeis 38.85 + 0.06 2830+ 0,14 660£006 2017015
Damanhour 32.9440.17 2576+ 0.15 050+ 0.03  1428% 0.12
Abou El-Matamir 2851 % 043 22214052 4172008 10.61 +0.09

Na’ K*-ATPase specific activity (Pi pmole mgT'T’rotein hr'h
ACHE specific activity (A max 412 mg™' Protein hr')
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In Vive Inhibition of Brain S. fittoralis Na' K'-
ATPase and AChE Aclivity:

The in vivo inhibitory effect of the LCsy values of
two insecticides against to the Spodoprera littoralis 4"
instar lab and field strains larval Na"K*-ATPase and
AChE is shown in the data given in Table (3). The data
revealed that Phenothrin exhibition significant reduction
in Na"K’-ATPase activity. Percentages of Na",K'-
ATPase inhibition were 87.3, 84.2, 74,1, 714 and
65.5% for lab strain; Borg El- Arab: Abeis; Damanhour
and Abou El-Matamir, respectively. On the other hand.
in the case of AChE, the significant reduction in its
activity was recorded for Thiodicarb, the percentages of
ACKE inhibition were 82,5, 774, 73.6. 081 amld 567"
Tor lab strain and lour field strains respectively.,

Table 3. In vive inhibition of brain S, fittoralis
Na"K'-ATPase and AChE activities by t(wo
compounds

“elnhibition of enzymes

Spodoptera strain (LCsy)ppm
locations Na',K'- AChE
ATPase
Phenothrin  Thiodicarb

Laboratory 87.3 82.5
Borg El-Arab 842 774
Abeis 74,1 73.6
Damanhour 71.4 68.1
Abou El-Matamir 65.5 56.7

Kinetic Parameters of Na',K'-ATPase and AChKE
Inhibition:

The kinetic studies were conducted to evaluate the
effects of Phenothrin on Na'.K'-ATPase activity and
Thiodicarb on AChE activity in both tested strains brain
of 8. littoralis 4™ larvae. Table (4) shows the obtained
Lineweaver-Burk {L-B) plots for Na'K™-ATPase and
AChE in lab strain and all four tested field strains and
the statistical analysis of the obtained values of K,
(Michaclis-Menten.constamt}  and V., (maximum
velocity) of the Na'.K'-ATPuse and AChE. The K,

AN MY N ARG G 2o

values for Na' . K'-ATPase and AChE were generally
higher in all four tested field strains than lab strain. The
changes in K, values of Na’,K'-ATPase and AChE
between the tested field strains indicate changes in the
affinities, our result are strongly emphasized by the
recent kinetic studies of Gonzalez et al., (1990) found
that the calculated K, of 0.22mM for AChE of
gastropod Concholepas concholepas.

The present results show that the V., values of
Na'K"-ATPase and AChE are obviously higher. This
points to the highe substrat turnover which may reflect
the physiological importance of the Na™,K"-ATPase in
the function of the nervous tissue of the S /ittoralis
Lirval brain (BEl-Aw and  Hashem, 2001). The V.,
values were generably higher o all tested field strains
than lab strain. This fact indicateds that the number of
aclive siles on the Na' ,K'-A'I'Pase and ACKL of the 4™
larvae brain was increased in the field strains, Such
change may be followed by decrease in the insect
susceptibility which could be altered by field application
of the Pyrethroides and Carbamate insecticides.

The in vitro inhibition of brain S. littoralis Na*,K'-
ATPase and AChE activities:

To characterize more details about the in vitro
inhibition of Na*,K "ATPase and AChE by the inhibitors,
the K; value of each inhibitor was estimated from the
graphical method of Dixon and Weep, (1964) Fig.
(4&5) and Table (5). The K, values were 5, 18, 20, 30
and 45uM for lab strain; Borg El-Arab; Abeis;
Damnhour and Abou El-Matamir respectively in the
case of Phenothrin while the K, values were 20, 28, 30,
40 and 50uM for lab strain and four field strains
respectively in case of Thiodicarb. The obtained data
proved that cach ol Phenothrin and Thiodicarb showed
competitive inhibition on Na',K"-ATPase and AChE
activity. The present results are accordance with those
reported by Zhu and Brindiey (1992) who reported
compelitive inhibition ol AChE purified from Lygus
Hesperns by six OPs compounds.

Table 4. Michaelis-Menten kinetics of the Na’",K'- ATPase and AChE of larval brain of 8. /ittoralis

collected from different locations

Spodoptera strain Na',K'- ATPase AChE
ocations RomM) Vo) Ko(ad)  Var(mM)
Laboratory 0.17 5.9 1.7 0.59
Borg El-Arab 0.30 33 1.8 0.56
Abeis 0.36 2.8 3.3 0.30
Damanhour 0.40 2.5 3.6 0.28
Abou El-Matamir 0.50 2.0 39 0.26
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Table 5. In vitro inhibition of brain Spodoptera larvae Na',JK'-ATPase and AChE activities by

certain insecticides

Spodoptera strain Phenothrin Thiodicarb
locations.
Isp (M) K; (pM) Iso (uM) Ki (eM)
Laboratory 0.01 5 0.22 20
Borg El-Arab 0.20 18 043 28
Abeis 0.36 20 0.54 30
Damanhour 061 30 0.71 40
Abou EI-Matamir 0.82 45 0.96 50

Table (5) show the ix vitro interaction of Phenothrin
and Thiodicarb on Na'",K -ATPase and AChE activity of
S. littoralis 4™ instar brain respectively. The Is, values
for Phenothrin against of Na',K'-ATPase were 0.01,
0.20, 0.36, 0.61 and 0.82uM for lab strain; Borg El-
Arab; Abeis; Damanhour and Abou El-Matamir
respectively. While the 54 values for Thiodicarb against
of AChE were 0.22,0.43, 0.54, 0.71 and 0.96uM for lab
strain and four field strains respectively.

In comparing the inhibition potency of Phenothrin
and Thiodicarb against Na',K'-ATPase and AChE
activity respectively within the different strains, it is
clear that Phenothrin showed to be the strong inhibitor
for S. littoralis On the other hand, the Iso values of each
Phenothrin and Thiodicarb in lab strain and Borg El-
Arab is more succeptible than that of Abeis, Damnhour
and Abou El-Matamir. These results are in agreement
with many investigators., Desaiah ef al., (1975) who
reported that inhibition of Na’,K'-ATPase, by three
synthetic  Pyrethroids were the most  cffective
insecticides against Cockroaches and Fish. Also Saleh er
al., (1984) and Korkor et al., {1995} reported synthetic
Pyrethroids were the most effective insecticides against
Bollworms.

In this work, we describe the development of a
biochemical assay system for measuring the sensitivity
of Na',K"-ATPase and AChE to Pyrethroids and
Carbamate insecticides respectively, our primary goal
was to develop an assay that could characterize Na',K'-
ATPase and AChE variants in individual sharpshooters
that were under insecticides selection pressure. We also
provide enzyme kinetic data for the Na*.K*-ATPase and
AChE in this insect for field strains and compare them
with data for the lab strain.

Finally, it may be concluded that Phenothrin
(Pyrethroides) is more convenient than Thiodicarb
(Carbamate) for the control program of S. lirtoralis
according to its slow effect in inducing resistance. But
the induced resistance may be of great concern in the

use of synthetic Pyrethroids and Carbamate, for the
control programe of cotton leafworm.

REFERENCES

Abbott, W. 8 (1925). A mecthod for computing the
effectiveness of an insecticide I. Econ. Entomol. /& 265-
267,

Amin, A. A. A Gergis. M., and El-Naggar, M. (2001).
Alternative in field refuge strategies for controlling certain
cotton key pests in middle Egypt. The ESA 2001 Annual
Mecting-December 2001 An Entomological Odyssey of
ESA, San Diego. CA.

Argentien, J. A, Jansson, R. K.; Halliday; W. R.; Rugg; D.,
and Jany, C. S. ( 2002). Polency, spectrum and residual
activity of four new insecticides under glasshouse
conditions. Florida Entomalogist. 835: 552-562,

Casida. J. [., and Quistad, B. (2003). Why insecticides are
more toxic to insects than people: The unique toxicology
of insects. I. Pestic, Sci., 29: 81-86.

Davis. I. W.; Harding, J. A., and Wolfen-barger, D. A, (1975).
Activity ol a synthetic pyrethoid against cotton insicts.
Feon, Bntomol. J0O8 : 373-374.

Desaiah. D.. Cutkomp, L. K Vea L. V. and Koch, R, B.
(1973). The effect of three pyrethroids on ATPases of
insects and fish. Sci. I. Ser. 6: 31-34,

PDevanshire. A 1. and Moores. G, D (1982), A
carboxylesterase with broad substrate specificity causes
oraganophosphorous, carbamate. and pyrethroid resistance
in potato aphids (Mizns persicae). Pestic. Biochem,
Physsiol. /8: 235-2406.

Dixon. M.. and Weeb, E. C. (1964). Enzymes. Academic
press, Inc.. New York. 2™ edition. 328-330.

El-Aw, M. A, and Hashem, M. (2001). Effect of host plants
and day time on the susceptibility of the cotton leafworm,
Spodoptera littoralis (Boisd), larvae to profenofos and on
the kinetics of head esterases. Alex. I. Agric. Res. 46: 115-
129,

El-Aw, M. A.; Marzouk, M. A., and Hashem, M. (2002).
Determination and biochemical characterization of
resistance in field strains of the cotton leafworm,
Spodoptera littoralis (Boisd) (Lepidoptera: Noctuidae), J.
Pest. Cont. Environ. Sci., /0: 37-54.



34 - ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 29 No. 1 JANUARY-MARCH 2008

Ellman, G. 1... Courtney, K. D.: Andres. V.. and Featherstone,
R. M. (1961). A new and rapid colorimetric determination
of acetylcholinesterase activity. Biochem. Pharmac, 7: 88-
95.

Finney, D. 1. (1971, Probit analysis. 3™ cd. Cambridge Univ,
Press, Cambridge.England.

Gonzalez, M.; Perdman, A.; Fuents, M. E.; Castilla. J. C.:
Labarca, R.: Brandan. E.;

Gonzalezplaza, R, and Instrosa N. C. (1990,
Neurotransmitterrelate  enzyme acetylcholinesterase  in
Juveniles of Concholepas concholepas  (Mallusca,
Gastropoda: Muricidac). J. Exp. Zoill, 255: 1-8

Hosny, M. M.; Zidon, Z. H.: Abdel-Megeed, M. 1., and Ishab,
R. (1977) . Toxic eftect of new synthetic pyrethroids on
certain cotton pests in relation to their effect on cotton
plants,Proc.2™ Arab pesticide Conf, Tanta Univ.

ishaaya, 1., and Klcin, M. (1990). Response ol susceptible
laboratory and resistant field strains of  Spodoprera
littoralis (Lepidoptera: Noctuidae) to teflubenzuron. ).
Econ. Entomol., 87: 59-62.

Koch, R. B.; Cutkomp, L. K., and Do, F. M. (1969).
Chloinated hydrocarbon  insecticide  inhibition of
cockroach and hony bee ATPases. Life. Sci., 8: 289-297.

Kaygisiz. H. (1980). The biological efficiencies of the
synthetic pyrethroids on Egyptian cotton leafworm S
littoralis (Boisd.). Turkeye Bitki Koruma Dergisis 3: 171-
174,

Korkor, A. A.; Awad, M. Z. F.; Hamid, A. M., and Abo-
Salem, M. B. (1995). Screening of some insecticides
against Bollworms and Whitefly attacking cotton plants
Com. In Sci. and Dev. Res. 50: 141-157.

Lineweaver. H.. and Burk. 1. (1934). The determination of
enzyme dissociation constants. 1. Am. Chem, Soc, 5d6: 6
Lowery, (. FL: Rosebrough, N. Lo Farey, AL 1 and Randatl,
R. 1. (1951). Protein measurements with folin phenol

reagent, J. Biol, Chem. 193: 265-271

Mascarenhas. V. I.: Graves, ). B.: Leonard, B. R., and Burris,
. (1998). Susceptibility of ficld populations of beet
armyworm (Lepidoptera: Noctuidae) 1o commercial and
experimental insceticides. ). Econ. Entomol. 91: 827-833,

MeDonald, 5. (1981), livaluation of organophosphorus and
pyrethroid insecticides for contro! of pale Western
Gutworm. ). Econ. Entomol. 74: 47-48.

MclTwain, H. (1963). Chemical exploration of the brain. P.
154, Elsevier, Amsterdam.

Morshedy. M. (1980). Comparative study on enzymes and
metabolic inhibitors. Ph.D. Thesis, Alexandria University,
Pp. 157.

Mouslala , Fathia, I.; El-Sebac. A.H.: Zeid. M. L. and Elewa,
M. A. (1979). Swdics ol resistance in Egyplian cotlon
leafworm S. littoralis (Boisd). 1[-The development of
resistance and cross resistance in three organophosphorus
insecticides against N Httoralis ficld strmin. Alex. ). of
Agric. Res. (In Press),

Quero, C.. Reddy: G. V. P.. and Guerrero, A, (2002). Activity
of a potent esterase inhibitor on development and behavior
in Spodoptera littoralis and Sesamia nonogrioides. VI
European Congress of Entomology, October 7-13,
Thessaloniki, Greece.

Saleh, R.S.; Morshedy. M., and El-Gamal, M. (1984). Effect
of some plant volatile oils on the in vitro activity of
ATPase from torpedo fish electric organ and rat brain and
heart. J, Agric. Res, Tanta Univ. 1} 678-686.

Smagghe. G.. and Degheele, D. (1997). Comparative toxicity
and tolerance for the ecdysteroid mimic tebufenozide in a
laboratory strain of cotton leafworm (Lepidoptera:
Noctuidae). J. Econ. Entomol. 90: 278-282,

Taussky, H. H., and Shorr. E. (1953). Amicrcolorimetric
method for the determination of inorganic phosphorus. .
Biol. Chem. 202: 675-6835.

Zhu, K.Y and Brindley, W. AL (1992). Enzymologyical ancl
inhibitory properties of acetyleholinesterase purifies from
Lygus hesperus knight (Hemiptcra: Miridac). Inscet
Biochemistry and Molecular Biclogy. 3: 245-251.



Isail, Sehane Mo Biochemecal Studies of Na' K -ATase and Acetylcholinesierise Sensitivity (o Phenodhnn |

35

g)"hg"-"'—u‘

_,;.1_,:.,.»? @;&W‘ﬂlﬁj}fjﬁ‘jm)ﬂ\ dijck.nﬁéie}:duj.g—eﬁ)}-aj‘ ‘c;J.:\E,.uL....-r Sule Lol 43
oAt By9 83 3l & pald Addd iliall (§ )89 gl g o gl gl

J:.cb.“'l 3 genie ‘-Lé..a

= yiad) b pdi bt Al 3 F Jald Mo 0187 ety (el

£ 43 LIS bkt abaalt BBl Bkl wllb y (eellall o
bladl o %o datd o3 Ll STy D5 I o8 paE
Na'K 5 bl o o it il by dom b (850
, 020,001 <3S I5p 3 of el o)l ATPase
2l AL 2y els, J,., S40.82 5 0.61 0.36,
G ey Jth o petlaliply ) pgies ol el e
0.22 » AChE g5l Blss o )8 (o5, aol I5 0 o3
) Al B3y Jyey S 0965 0.71 0.54 0.43
fulis” Jih e sl adadt ¥ o, auld
330 2018 5 il e 3 1SS K et ol uis
tmeth oo g peeldl ) Ly $l3 g Jpe s Ss 45
20 w5 o0 W 3l QI e pllaligly g0
oWy el A Rl el ey Sl 5040 3028
of e il sds e L dl e 8ol Alidt oY
3 Sl ada plisad LKW e A el eda 055
b W blah o3 e dlsy ledlt By 85 93 B>uilKa

raa o oyl Bla g e an ¢
S5 sl pgipm g pall @il L2y 6t (3
S W wly  (Na,K'-ATPase)  jiliw il
83500 il H panlt by Al (5 y2n Laily (ACHE) 3 2k
i ¢ o T oy ) g ekl SR G,
sy il G5 5000 gl B sasd @y A e cas 5P NS
bt lin ofy 3 pall Jpidd e o il ilie o f cula
5 IR JR-CA U VWS R P W L RVEVY o ST W THER- W PSPV
el ) S e G Jues g5 b bl
(o0 ) B Al gl meall GBLL (3 Ly (e
o Ol Wl syl day kAl s, g s ol
G gt ¥l gl (LCsg) 2 il 38730
oo A gy Bl W ST Ol ey W0 7
R O -1 IECE LR VU ¥ PR PIORR WV
Jane Job Of Lo Juamsll o oyl By i Y
—e il gy B S il 3 0T W e g Bk





