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ABSTRACT
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acetylcholinesterase (ACRE) was investigated in the whols bady homogenates of Bemisia tobaci mals and female adults. The
obtained results revealed that K,, values of AChE from both B. tabaci sexes reaved on tobacoo plants were significantly
higher than those of tomato plants. It is noticed thas, K., valnes of tobacco cwiture increased to be 3,18 and 3.23 folds for
Jomales and males respectively when compared with the same sex from lomato culture. This may reflect a relotive iower
affinity of ACKE from both sexes of tobaceo cultwre to the substrite and in retum lower activity than those of ACAE from
both sexes reared o tomato culture. On the contrary), Ve, of fimales from tomato culture incyeased significontly so be about
1.3 folds of that of females from tobacca cuiture. The same trend was also recorded in the case of males but with no
significant diffarence between Voo, values of the two tested host-planis. In the some host-plant, moles ACAE wern relatively
lover in their qffinity to the substrate than those of females, These latter findings may dvaw the attention 1o the criticisw of
not culy segregated effect(s) of sex or host-plant alone but also to the combined sex: host-plant influence in this concern.

The in vitro inlibition of ACKE by an organophosphorus insecticide, chiorpyrifos, amd a carbomate insecticide,
carbaryl, was investigated. The obtained results showed that, ivrespect of carbaryl sffect om malex from tobacco cultwre, this
insecticide showed io be the stromgest inhibitor against ACRE of both sexes of B. tabaci adults from tomato culisre and only
of females from tobacco cultire. The lowest recorded Isg value for carbary! was that agrinst ACKE from females reared on
tobacro plants (0.13 uM) followed by females from tomato culture (.30 xM{) and then by males from tomato culture (0.71
MM). The highest 15y value was that of chlorpyrifos against ACKE from male adults of tomato cultre (251 ) followed by
that of famaies from tomato culture (36.2 M) by the same insecticide. Therefore, it could be concluded that, chiorpyrifos
exerted a very weak inhibitory effect against ACRE of both B. taboci mals and female adults reared on tomato plants. The
obidined Iy values of chiorpyrifos, against B. tabaci adults from tobacco culture were very low (0.068 and 5.96 uA{) when
compared to thase of tomato culture. These findings revealed that chlorbyrifos caused its stromg toxic effect on B. sbaci
adulis ACRE reared on tobacco in comparison to ACKE from B. wshaci tomato cultwre. This may reflect a host varying effect
an ACRE sensitivity to inkibition by chiorbyrifos. Moreover, wﬂhiudnemhaﬂ-ﬂnﬂ.}l&ﬁ'd‘ﬂ tabaci femols was more
sensitive thon that of males towards the two tested insecticides.

wy.uwumwummmmumdmmm
in B. smbaci AChE kinetics and inhibition by the two tested insecticides.
qummmmkwmw Kinetics, inkibition, insecticides.

INTRODUCTION
economic importance of whiteflies on the of host-comrelated variations in the subject whitefly
Egyptian agriculiure has been recognized since (ie. morphology, susceptibility, ......... etc.), the
1930’s (Pricsner and Hosay, 1932), but viruliferous psesent stndy was planned and achicved in onder to

whiteflies have become very important pest during the gain some forward steps towards a suocessfidl
last twenty five years. At least, twenty-one aleyrodid  integrated pest management (IPM) programme(s) of
pests have been documented in Egyptian cropping this pest. These phenomena clearly referred to the
system (Idriss ef al. 1997). Three of them (B. tabaci, abruptive physiology of the whiteflics, and in retum
B. argentifolii, Trialewrodis vaporariorum) axe able to  their promising, highly important role in enriching our
trangmit plant virases (Bock ef al., 1974; Brown ef al.,, knowledge of insect genetics and physiology.
1995a; McGrath and Harrison, 1995). Besides, 5. The present study was conducted 1o evaluse the
tabaci, B. argentifolii, Trialeurodis ricini are vectors possible m of hﬂ-ﬂ-gmw:&hm(ﬁ
of plant geminiviruses (Idriss ef al, 1997). These kinotcs sexes of B. 1abaci cultured ¢
geminiviruses are the largest and most economically ﬁmmwmmmw::
significant group of plant viruses that cause devasting 0 TVestigaie the host-correlated variations in relation
plant discases to many crops in Egypt. In general, . and
geminiviruses have become a significant group of cgbemate- insecticides, respectively. Results of these
plant diseases due o the modification of the ecology  investigations will swely add to the mowledge about
and other behavioural aspects of their natural vectors insecticide susceptibility of the subject aleyrodid in
(Gerling, 1990). concideration  with host-correlsted  variations
For all the previously mentioned information phenomenon. As ACHE plays a key role in terminating
about the increasing economic importance of the excitatory neurotransmitter action in insect synapses
subject whitefly species in the Egyptian agriculture, (Gerschenfeld, 1973). This eazyme forms the primary
and in the light of the previowsly recorded phenomena  site of action for the most widely weed chemical
Department of Economic Entomology, Faculty of Agriculture, Alexandria University.
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control agents in whitefly control, the systemic
insecticides, Insects that used ecsterase (o resist
insecticides may alter and/or elevaie AChE (Iwata and
Hama, 1972; Devonshire and Moores, 1982; Moores er
al., 1988, Firench-Constant and Roush, 1990; Yu and
Nguyen, 1992; Zhy et al., 2000; Vontas et al., 2001).
The present study along with all previous ones
aimed to gain furtber knowledge and better
understanding of the whitefly host-correlated variation
phawmmmmordertooonuolthlsdelamonspest

The subject insect has been taken from a
laboratory culture of the whitefly Bemisia tabaci
Gennadius, which has been first established by El-
Helaly (1966) and which is still bred apart of any
chemical treatmenis on tobacco plamds Nicofiana
tabacum in greenhouses at 25+7°C, 65+5% RH and
under natural light conditions. The identification of the
mother culture was achicved by El-Helaly ef al
(1971).

- The tomato ¢culture of B. tabaci Genn..:

Adults of B. tabaci from the laboratory tobacco
culture have been reared on tomato plants since 1999
mmdutombhshanewwnntoadnmtofutﬁlthe

Newtyemerde.tabmadnlts&OadtMS
ml buifer] of cither sex (~14 and 20 ng body weight of
malaandiunales,respewvely)mhomoguuzndm
ice cold O0.IM ophosphate buffer, pH 7.0
Homogemmuonwasachlevedatlowtempameby

spectrophotometric method of Ellman ef al. (1961).
The method is based on the hydrolysis of
acetyithiocholine iodide (ATChI) as a substrate of

the

AChE thiocholine iodide that reacts with
0.1M DTNB [5,5 dithiobis- (2-nitrobenzoic acid))
producing yellow color as function of the enzyme
activity. The color intensity was measuved
spectrophotometrically at 412 nmn as a rate of enzyme
activity. The changes in absorbance were recorded at
the beginning of the reaction and after 30 min
interval. The reaction mixture was kept at 37°C.

The affinity of AChE in whole body homogenates to
the substrate were estimated using 0.1 to 1X 10° M
raige of ATChl concentrations. The lineweaver-Burk
plot (L-B) was drawn by plotting 1/~ versus 1/[S]
where [S] is the molar concentration of (ATCHI).
Values of K, (Micaeli’s constant) and V,, (maxinmm
velocity) were estimated from L-B regression lines.

Protein content in the wholc body homogenatcs
of the subject whitefly adults was assayed
specirophotometrically by the method of Lowry ef al.
(1931), at 750 am wavelength, using bovine serum
albumin (BSA) as a standard protein.

Statistical analysis:

Valnes of K. (the affinity) and Vax (the
hydrolylising efficiency) were obtained by a least
squares linear regression of double receprocal plots of
the points (Lincweaver and Burk, 1934). A /-est was
adopted to compare the responses of ACRE in both
tested host-plants.

- In vitro inhibiti 3

The inhibition of AChE activity was determined
in both B. fabaci sexes from iobacco and tomain
cultures using the organophosphorus insecticide,
chlmpynfusandthecmbmmdc.wbuylas

Esumauonoﬂ,ovaluc(ﬂwwnmmnofthe
inhibitor which inhibit 50% of the enzyme activity)
was carried out by preincobating the inhibitor with the
enzyme (insect homogenate) at 37°C prior to the
addition of Ellman’s reagemt (1961) (DTNB: af
comematmofOlM&ATChl at conceniration of
10° M).

Insect homogenste was preincubated with
chioropyrifos for 30 min and with carbaryl for 15 min.
at 37°C before the substrate was added. The residual
activity was then measured as described before in the
duunnmmofAChEknm The inhibitors were
used at 107 to 10> M concentrations. The percentage
of the in vitro inhibition was calculated with respect to
the activity in the absence of the inhibitor, using the
equition of Ellman ef al. 1961,

- Tested inhibitors:-

insecticide, chlonpwrifos,
(0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl)
phosophothioate) and the carbamate insecticide,
cabaryl, (l-naphthalenyl methylcarbamate) were
provided as technical grade insecticides from Frunol-
chemie (W. Germany) and JinHung Fine Chem., Co.
LTd Korea., respectively,
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RESULTS AND DISCUSSION

The Kinetic studics were conducted to evalnaie
the possible cffects of host-plant on AChE activity in
both sexcs of B. tabaci adnlts. This was conducted
taking into consideration the previously observed host-
correlated variation in the susceptibility of the subject
insect to insecticides (El-Helaly, 1973; El-Meniawi,
1992, Anthony ef al., 1998).

The catalytic properties of AChE were
estimated in whole body homogenates of male and
female adults of two populations reared on tobacco
and tomato plamts. This was achicved by measuring
reaction mies (V) over a mmge of ATCH
concentrations, as a substtate (S), under optinmmn
enzymatic activity conditions.

Fig.(1) shows the obtained Lineweaver-Burk
(L-B) plots for both sexes of the subject insect adults
from the two tested host plants. Table (1) summarizes
_ the statistical analysis of the obtained vakues of K., and
Vaex Of AChE derived from all aforementioned L-B
regression lines.

omzmnmzmnmmxmmﬂ
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Fig.(1): Lincweaver-burk plots of AChE activitics
of B, 1ebaci female and male adults from the
two tested cultures,

To-female: females from tobacco culture, Th-male:
males from tobacco cuiture, Tm-male: males from
tomsato cultore, Tm-female: females from tomato
culture, 1/(S) = the inverse of ATChl concentrations in
0.1 to 1X 10° M, 1/v = the inverse of ACKE activitics
in uM of ATChL

tomato culimres,
Hactnl K. Vo
female male female | male
Tobacce 10127 1021 088 1169
Tomnato 0.04 0.065 1.15 1.89
calcuisted | 16.82°% | 16.37%% | 6.44%° | 145 |

tops= 2.776, toa= 4..604

K, Michaeli’s constant= ATCHI concentration X102 M

Vinex: Mtimum welocity of the enzyme activity expressed as
O.D. X 412 u\M/mg protein/min.

Statistical analysis of thc obtained results
revealed that K, values of AChE from both B. rabaci
sexes reared om tobacco plants were significantly
higher than those from tomato plants. It is noticed that
K. values in tobacco culture increased to 3.18 and
3.23 folds for femnales and males respectively when
compared with the same sex from tomato cutture, This
may reflect a relative lower affinity of AChE from
both sexes of tobacco culture to the substrate and in
return Jower activity than those of AChE from both
sexes reared on toamato culture.

On the contrary, V., of females from tomato
plants increased significantly to about 1.3 folds of that
of females from tobacco culture (Table 1). The same
twend was also recorded in the case of males but with
no significant difference between Vi, values of the
two tested hogt-plarts.

The shift of the Michacli’'s Mentin constants
was sufficient to explain the changes which occwrred
due to host-plant. The observed reduction in X, valnes
of cither sex from tomato cultwe indicated that the
enzyme aquired more affinity to ATChL The Ve
values of AChE in both sexes from tomato culture
were raised referring to a probable increase in the
mumber of active sites due to the effect of host-plant,
but this ncods further investigations. In other words,
these findings are almostly host than sex correlated.

Present results suggesi that the two tested host-
plants induced some alteration in the AChE nature in
both sexes of the subject whitefly adults probably by
increaging the active centers of the eazyme molecules.
This alteration might lead to meet ils defined
phygiological functions. Taking into consideration the
probability of the presence of certain allelochemicals
in each tested hot-plant.

Morcover, the present results show that in the
same bost-plant, males AChE are relatively lower in
their affinity to the sabstrate than those of females as
K,, valnes in males exceeded those of females within
the same culture. Therefore, it could be concluded that
the kinetics of B. tabacd AChE were found to be
different in either males and females of both tobacco
or tomate cultvwes. This may refer 0 some probabic
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difference in the reproductive biotic potentials of
cither sex. In addition, B. rabaci AChE were found to

%-f

oopdudedﬂntthcoummdmmlupuvedthe

As far as the writer is aware, no information is
availablc in the literanme about the influence of host-
planis on the AChE kinetics in Homopteran insects.
However, kinctics of general esterase by using o-
naphthyl acetate as a substrate were found to be
affected by host-plants in Bemisia tabaci (El-Meniawi,
1992);, Spodoptera littoralis (El-Aw and Hashem,
2001);, Aonidiella aurontii (Grafton-Cardwell et al.,
2004). In addition, changes in the electrophoretic
profiles of general esterase due to host-plant have been
reported (Costa and Brown, 1991; Perring et al., 1992;
E)-Meniawi, 1992; Wool ¢f ol., 1993; Brown ef aol.,
1995b).

In comparing the inhibition potency of the two
tested insecticides, it is clear that, irrespect of carbaryl
effect on males from tobacco culture, this insecticide
showed to be the strongest inhibitor agninst AChE of
both sexes of B. tabaci adults from tomato culture and
only of females from tobacco culture. The lowest
recorded 1s; value (the highest inhibition potency) for
carbaryl was that against ACBE from B. labaci tobacco
females (0.13 pM) followed in ascending ortder by
females from tomato culture (0,30 pM) and then by
males from tomato cultre (0.71 pM). These results
reflect that carbaryl had the highest inhibition potency
against AChE from females of tobacco culture.

On the other hand, the highest 15, valuc was that
of chiorpyrifos against AChE from male adults reared
on tomato plants (251 pM) foliowed by that of females
from tomato culure (362 pM) by the same
insecticide. Therefore, it could be concluded that,
chlorpyrifos exerted a very weak inhibitory effect
against AChE of both B. fabaci male and female adults
potency of the OPs insecticide, chlorpyrifos, against B.
tabaci adults from tobacco culture, it is clear that the
obtained Is values were very low (0.668 and 5.96 pM)
when compared to those of B. tabaci tomato culture
(562 and 251 pM). This may reflect a host varying
effect on AChE sensitivity to iohibition by
chlorbyrifos. These findings revealed that chlorbyrifos
causing its strong toxic effect on AChE B. rtabaci
adults reared on tobacco in comparison to AChE from
B. tabaci womato culture. Such varying cffect of the
tested insecticides on B. fabaci AChE in respect to
host-plant could be understood in the light of the
results of El-Helaly, (1971 and 1973), E}-Meniawi
(1992); Anthony ef ol (1998); BytmandDwonﬂmc
(1997) about the host-correlated variations in the

values (Table 2),
mmhblemhibmonofthcenzymmtyhythc

Table (2): The In (uM) values of the tested
pesticides (chlorpyrifos and carbaryl)
against AChE activity of Bemisic tabeci

aduits from both tobacco and tomsfo
cultures.

Tested pesteicides

Host-plant Sex Chlorpyrifos Carbaryl
Female 0.668 P 043
Tabscoo [ Gie 5,06 3.6
. Female 56.2 0.30
T Male 251 0.71

S

596, 251 prorma!uﬁomtohwcoandtomm
cultures, respectively. Also, in the case of carbaryl, 15
values were 0.31, 0.30 uM for females and 31.6, 0.71

females when compared 10 those of males (Table 3).

Table (3): Mcans of protein comtent mg/ml as
affected by the interaction between sex,

andlwg-&nt.
Host-plant
ZSLb 10110

Tobscco
Tomato 3.57 a 0104

L.S.Do,os" 019

Male
143 ¢ £0.160
149 ¢ £0.191
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Means followed by the same letter (s) are not
significantly different according to L.S.D at 0.05 level
of probability.

In discussion of the present findings on AChE
inhibition with respect to changes in the kinetic
parameters in the former jtem, it could be concluded
that, the changes in K, values between the two tested
host-plants indicate change in the affinity of such
esterase to ATChi. However, the tobacco culture had
generally higher K., values, or, in other words, had
lower affinities to ATChl within the same sex. This
indicates that the ACKE affinity to ATChI may vary in
response to changing the sort of host-plant wnder
which B fabaci adults were reared.

The greater affinity of tomato culture (or wmales
than females within the same culture) enzyme for the
substrate, as indicated by its lowest K, valnes would
have a greater protective influence on its interaction
with tesied insecticides than that expected for tobacco
culture enzyme. If this reflects the sitwation in vivo,
this greater affinity for substrate means that AChE
should be partially protected from inhibitors by any
substrate present in the synapee. This suggestion may
be explained with the highest I, values in the case of
B. tabaci tomato cualture when compared with tobacco
culture. Acceptable or rejection of such latter comment
surcly needs further investigation. However, such
latter comment looks acceptable in the light of the
studies of Devonshire and Moores, 1984 and Byrne and
Devonshire, 1997, who concluded that the low K,
value could be afforded some degree of protection
from the weaker inhibitors sach as monocrotophos.
Taking into consideration the conclugion in the study
of Byrne and Devonshire (1997), that increased release
of Acetylcholine would also be expected in a
hyperactive nervous system following OP- or
carbamate- poisoning, and this might partially alleviate
the inhibition even more. The study of Grafion-
Cordwell et al. (2004) about the effect of host-plant
tissue on the activity of inhibition of AChE in
Aonidiella aurantii suggested that this insect is using
increased amounts of esterase enzymes, including
ACHE, to sequester OP and carbamaie imsecticides,
rather than modified AChE.

- In general, the present study proved the
existence of hogt-correlated variation phenomenon in
AChHE kinetic parameters and inhibition by the tested
insecticides, In addition, the present investigation
revealed the interaction between the effects of the
differences in both sexes and host-plants.
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