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DDT, endrin, dieldrirL aldrin and chlordane and deltamethrin

ic pyrethroids, all showed inhibitory effects of the activity of

PKP S ine (microbial chemical product), aldrin' DDT, ancl

delt sho*ed strong inhibitory effects of the activity of PK.c. The
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III{T'RODUCTION

Protein kinases play fundamental role in protein phosphorylation in
almost all rypes of cells ir:cluding mammalin, yeast, insects and plants.

They catalyze the transfer of the terminal phosphate group of ATP to the
hydroryl group of serine, thedonine, or tyrosine residues of substrate
proteins (.Nestler and Greengard, 1984). These phosphorylation and

dephosphorylation reactions have been recognized as regulatory mecha-
nisms of nretabolism, membrane function and strucural as well as contrac-
tile prot*i:r (Abdel-Ghan:y et al., 1989). Sorne protein kinases are kno*n to
play a role in the regulation rcf normal cell metabolism such glycogen

synthesis, rr hiie a number of protein kinase activities were shown to be

associated with growth far:tor receptors (Nestler and Greengard l98a).
Yet, the effect of natural and synthetic insecticides on the activity of
protein kinases has not been well understood.

In 'oiew of the effect of pesticides on the fundamental enzlmes
involved in signal transduction pathway, a little information is known of
such *ilt,:t and its correlation with diseases and insect as well as human

toxicitv In the recent years, there are many human diseases widely
c,ccurring such as kidney, liveE and skin cancer diseases. Although,
pesticide application has been used in pest control several years ago, still
tfre effect of pesticide residues in the environment and foodstuffand its

relaticn rn,ith human disea:ses has not been fully understood However,
eul,;;iry ltii' protein kinases and prhosphatases are known to be inhibited by a
r,ariety oi' both natural and wnthetic compounds, including medicines

(irnmuno su pperssants, tumor s'uppressants and anti-infl ammatory agents),

potions (a purported aphrodisiac that doubles as a wart remover) and

poisons (diarrhetic toxins, liver toxins, tumor promotrs, insect defense

chemical and herbicides (Mackintosh and Mackintosh 1994).Gossypol

which is considered the rnost cornmoh naturally occun'ing terpenoid" has

been recognized as an insect rr:pelling component of cotton plants (Abou-

Donia 1976; Sherby 1!)79 and El-Sebae et a|.,1981) ,however, the way it
exerts this effect on insects is not rrueil kno*n.On the other hand, several

insecticidal compounds of the cidorinated hi'drocarbon group as rl.ell as

the synthetic p1'retlrold.deltamr:thrin, often show diverse effect:; on severai

bioiogieal systems. Y'et, tlhere has been no general a55reement about their
mode of action.
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natural as an insect-resistance conferring component of'plant

crops. Fu hermore, the effect of some chemical insecticides on the acitiv-

enzymes has been evaluated in terms of their mode of action.

. we evaluated the effect of staurosporine as a fungally derived

azole compound, and gosslpol as a natural inhibitor, del-

tamethrin the synthetic pyrethroids and DDT, endrin' dieldrirL aldrin

and ane from chlorinated hydrocarbon compounds on the activit)'of'

the above protein kinases as a probable target for insecticides

MATERIALS AND METHOD

2t1,LT.e was obtained from Amersham, gossypol, W}atrnanr

3MM. yacrylamide, Bis-acrylamide, CaClr were from Sigmq

stau ne from GIBICO, p,p--(dichloro diphenyl) trichloroethane

(DDT), rirL dieldrin, aldrirL chlordane, and deltamethrin were lront

gle Parke USA), glycerol, Hepes, EDTA TritonX-l0(J were

m Boehringer MannheinL thioglycerol from Evans Chemitics
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pite of the vital role of the above goup of enzymes in the

little has been done in regard to their role in host plant

in the mode of action of chemical insecticides. In the present

we tried to shed light on the possible relationship between the

function of such soup of enzymes and the role of certain
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obtained
N.\), Epidermal gowth factor was a generous gift from Dr'M'

(Cornell University, Ithaca, NY), X-ray frlms were fionr

Kodak. -431 human epidermoid Carcinoma cells were grown lrl

Dulbecco s modified Eagle's medium containing 5% fbtal calf serurn

Isolation EGF-receptor:
mbranes (200mg) from A431 Carcenoma cells were prepared as

described by (Braun et a\.,i986).These membranes were soh'rbilized at Oo'C

in with solubilization buffer (20 mM Tris-HCl, pH 7.2, limlvl

tbr 30 min, the supernatant was used as a source of EGF-

-) t-
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Assay of EGF-receptor kinase activity :

The assay mixture contained, in final volume of 50 pl, 20 mM Na

Hepes pH7 4,5mM MgCl2, 8 pg EGF-receptor, l0 pM tt'tPlATP (5000

cpmipmol) and with or without 10 ng of animal hormone, EGF. Gossypol

was added to the assay rni{nrre as an alcoholic solutions. The enzyme

reaction was started by adcting the radioactive ATP. After l0 min at room

temperafure, 20 pl were placed on Whatman 3MM filter paper and the rest

of reaction mixture was loaded on 10 oz'o SDS polyacrylamide gel and

analyzed as described by Abdel-Ghany et al.(1987).

Isolation and purification of polypeptide.dependent protein
kinase {P}rP) :

Ndembranes (500 rmg) from Baker's yeast \\'ere prepared as

described by Yanagit a et al.(1987) These membranes t'ere solubilized at

4'C far 2i) min with solullilization buffer (20 rnM Hepes pH7.4,10 mM

thioglycerol, l1oh glycerol rmd 0.5;q'o TritonX-100). After centrifugation lt
t20,0liCug* the resulting supernatant was use in the purification steps and

rhe activiiy' of the PKP uias performed as dscribed by Yanagitaetal

i i9B7i.

Isolrtion of Cazn-phospholipid-dependent protein kinase (PKC) :

Tiris en4me w'ils isolated and purified from fresh rat brain as

descrlt;ed by lVodgett and l{unter (i987).

,1:sa3 *f FKC aetivity :

i:: a frnal volume olr 50plthe assay contained, 50p.Vnrl freshly soni-

cared phosphatidyl serine, 5 prg dioleir/ml, with or withrrut 5 pg histone,

10 p-M[y-:{2P]ATP (501i0 cpmlpmol) and 20 ng of PKC in 20 mM Hepes

pk,r 7.4, l0 mM Mgfll2, and 0.5 rnM CaCl2. The PKC reaction mixture

rvas started bi' adding radioactive ATP. After l0 min at room temperature,

?0 ;rl were placed on Whatmal 3N{M filter paper and analyzed as

descnbed by Woodgefl and F{unter, 1987. The remaining samples were

separated after being heated fbr 5 min at 90"C by SDS-PAGE tl2%
polyacrylamide gel accclrding to the methods of laemmli,igTC), the gel was

dried a-.].d autoradiography was perfcrrme'J according to Abdei-Ghany et al-

i r e87)
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RESULTS AND DISCUSSION

natural inhibitors on the activity of protein kinases:

gossypol and rnimal hormone, EGF on EGF-receptor

kinase activitY:
Ethe ability to phosphorylate itself in absence of additiorurl

so-called autophosphorylation) as shown in Fig' I (lane I )'

rcnanimalhormone,EGF,wasaddedatconcentrationof'5ngto

proiein itself possesses protein kinase activity with specificity ftrr

ln suUstrate proteins' In addition' membranes prepared

from A 31 cells capable to phosphorylate specific endogenous membrarrc

proteins well as exogenously added histone'

6

t

Fig.(1): Autoradiogram showing the autophosphorylation of EGF-receptor in

bsence (odd lanes) and presence (eveir lanes) ofepidermal growth factor,

with and without diftrent concentration of gossypol; lanes I and 2

(control); 3 and 4 with 20pM; lanes 5 and 6 with 40FM gossypol'
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cotton seed natu'al inhibilor, gosqrpol have showed inhibitory
effect of EGF-receptor phosphorylation occurred either in presence or
absence of animal hormone, EGF (see, lane 3,4,5 and 6). Filter paper assay
was perfirrmed to measure the percent of inhibition of EGF-receptor by
gossypol. Tyrosine kinas€ activiry of EGF-receptor was inhibit ed,by 32%
at 40pM concentration o'f gossypol.This data are in agreement with our
previous data reported by Abo-El-Saad (lg9z), inwhichwe foundthat
tyrosine kinase isolated from pig brain was significantly inhibited by similar
concentration o f gossypol

The present data show that the EGF-receptor tyrosine kinase.
activity rvas significantly inhibited by gossypol. Decreasing in such activity
might be conelated to certain diseases such as diabetes which have been
reported by Levitzki and Gazit (1995), who showed that the decrease in
the activity of tyrosine kinas€ sf insrrlin receptor is the cause of various
types of diabetes. Moreover, the gossypol content in cotton plants is play-
ing an important role in conFerring resistance to cotton plants agair,st
insect attack, suggesting ttuat protein kinases from insect could be inhibited
by gossSpol content during insect feeding. This might explain why do
insects are attacking {ree gossypol cotton plants rather than the ones
ha,ring gossl'pol

b) Effect of microbial product, staurosporine on the pKC activify :

Microbial agent as a fungally derived indole carbazole corrpound
sra;iri,sn':;rine have been tested on the activity of pKC. Nanomolar range
'rf sta*rospcrine was lbund to have strong. inhibitory effect on the activity
of this enz)me. Enz,ymatic activity of pKC was dramatically inhibited by
concenrralions of staurosporlre ranged in l0 tol00 nM as a fingerprint of
phosphory"lated bands whr:n the dried gel was exposed to X-ray fita as
shown in Figs. (2 and 3). Analysis of the enzyme activity was also per-
formed by using the filter paper assay to calculate the percent inhibition of
the enzynre activity. This ernaly'sis was indicated that the pKC activity was
strongly inhibited by 85o,/o art 0.ltprM staurosporine concentration

Recently, it has LrenLreported by Tamaoki (1991) that staurosporine
have the abiliV to inhibit se'rerai protein icinases. sugesting, that limited
selectivity of' staurosporirre for different protein kinases due to its interac-
tion wrth the essential region oi the catalytic domain of orotein kinases that
share a homologous region,
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staurospo

widely

use of a t made with a whitefly-killing fungus. Thus, it possibly that

the toxici of such agent for insects due to their contents of staurosporine
which inhibit the activity of insect protein kinases.

6-
5-

t

29-

Fig.(2): showing the phosphorylation of histone I by proteinr
(PKC) and inhibition by different concentratiors of

lane I (control)l lane?,3,4 and 5 *,ith 10,30, 50 and
gossypol.
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which is produced by Streptomyces spp, recently it has been

as a cornmercial bioagent. Recently, the EPA have approved
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Fig.(3): Inhibitory effect of staurosporine of histone I by PKC in using filter

paper assay as dercribed under rnethods.

2. Effect of synthetic insecticdes on the activity of protein kinases :
a) Effect of certain chlorinated hydrocarbons and deltamethrin

on the activity of PKF :

The activity of polypeptide-dependent protein kinase (PKP) was

affected by several insecticides of chlorinated hydrocabons, ct-chlordane,

aldriq dieldrin and DDT', as well.as pyrethroid insecticide, deltanethrin It
can be seen from Table (1) that DDT at 10pM concentration slightly

inhibits the activity o{'PXP,whereas, the activity of this enz}me at the same

concentration of deltamethrin was inhibited by 2lo/o,. However, aidrin,

chlordane, endrin and dieldrin at 10 pM concentration gave higher

inhibition of the enzyme actir{ty by 60Va, 55Vo,36oA alid 27Yo respectively.
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Table (l

, & Environ ScL 6 (1) (199E)

Effects of certain chlorinated hydrocarbon compounds

and dehamethrin on the activity of po$peptide-dependent

orotein kinase GKP).

Additions Activity
(as'h of control)

50 ng PK
+
+

+
+
+
+
+

t0 pM cr-chlordane

l0 pM p-chlordane

10 pM aldrin
l0 pM dieldrin

l0 pM endrin

10 pM DDT
10 uM deltamethrin

100.0

45.4

59.4

40.3
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activity. Thse compounds at different concentrations of 10, 50 and 100 p
M were examined. Fig. (t) shows that atdrin at 50 pM slightly inhibits the
activity of PKC, whereas at r00 pM gave 53 % inhibilion ofthe enz)4re
activity. DDT at 10 prM concentration hadnoinhibitoryeffectonpKC
activity, whereas at 50 pr-tv{ and 100 p}v{, the inhibitionoftheenryrne
activity was 37Yo and 499/o respectively. Furthermore, deltamethrin, at the
sarr concentrations of 10, 50, r00 FM inhibits the enzyme activity by
25Yo, 42yo, and 55olo respectively. These data are in aggeement with that
reported by (Enan and lr4atsumura 1993;El-Sebae et a1.,1993;leng and
Xiao 1995) n'ho found that protein phosphorylation tomralhousefiy
brain and human brain tau (microtubule associated protein) were inhibited
by deltamethrin and Al3* as well as the level of depolarization-induced
protein phosphorylation wrc increased by deltarnethrin

!NDDT

Ealdrin
fldeltamethrin

o 10 50 100

Concenration, uM

Fig (a). Effect of DDT, aldrin and Deltametrin on the activit"v of protein kinase

'-'14-
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The present data show that both enzfnes were strongly inhibited by'the

compound

compound

above

certain
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nafural inhrbitors, gosqipol w'hich is known as po$phenolic

stauosporine as a ftrngally derived indole carbazole

tested in on the activity of EGF-R and PKC respective$.

unds. Decreasing in zuch activity might be conelatcd to

such as diabetes which have been reported and

provided

ACKNOWLEDGMENT

to acknowledge Prof. M. Abdel-Ghany, for all the facilities

frnish this work at Cornell University, Ithacq N.Y. and Prof'

ounis for critical comments and discussions of the manuscript.Hassan M.

Gazit(1995 who showed the decreasing in the activity of tyrosine kinas€

of insulin is the cause of various types of diabetes. Moreover, the

gosqpol co

cotton plant

from insect

This nigbt

in cotton plants playing a important role in confering

resistant against insect attack, suggesting that protein kinass
uld be inhibited by gossypol content during insect feeding.

why do insects attacking cotton plants having nr

gosqrpol than ones having gossypol.

of high presistance of chlorynated hydrocarbons and their

accumulati in animal tissues, it can caused serious toxicities- The

biochemical data of this group of insecticides presented in the crurent

on protein kinases can be a part of the basis for such toxicity,lnvestlgatlo
however, more data are needed to correlate such in virro findings to

the toxicitv umng tn v|o.
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