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INTRODUCTION

Locust swarms cause great damage to grassland, agricultural crops and
various other plants. This damage in the invasion territories of the desert locust,
Schistocerca gregaria {Orthoptrea: Acrididae) is not only confined to Africa, India
or Asia Minor, but also affected other areas of the earth infested by other species of
locusts. The desert locust is not a significant pest in its solitarious phase, in the
recession areas, but gregarious phase becomes the major pest when forming swarms
stimulated by the rain and improved vegetation (Nolte, 1974).

Esterases are hydrolyzing enzymes, which split ester compounds with the
addition of water to yield alcohol and acids (Shaurub et @l., 1999). The aim of the
present study was to investigate the electrophoretic variations of esterase isozymes
in the gut of Schistocerca gregaria. This study may help in understanding the
biochemical changes and the mode of development in different phases of this
economic pest in Egypt.

MATERIAL AND METHODS

The stock colony of Sch gregaric was maintained in the entomology
laboratory, Faculty of Science, Cairo University according to Ibrahim (1971),

The tissue samples were taken from the mid gut of the 5" nymph instar and
of male and female adults at three phases, ie., newly emerged, before oviposition
and after oviposition of females, yellow and nonyellow males (mature and non’
mature).
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The tissue samples were weighed, homogenized and then centrifuged at
6000 r.p.m. at 4°C. The supernatant was diluted 1:1 (vol:vol)} with 3% sucrose
solution in preparation of electrophoretic techniques.

Electrophoretic techniques: it was done on 1.5 mm vertical slab
polyacrylamid gel (Sturdier slab gel electrophoresis unite SE 400) at 60 mA. until
the tracking dye (bromophenol blue) migrated to the end of the gel. The running gel
(6%) was made with 1.5 M tnis buffer (pH 8.8), the stacking gel (4%) was made
with 0.5 M tris buffer (pH 6.8). Both electrode chambers were filled with tris-
glycine buffer (pH 8.3) (Turunen and Chippendale, 1977) and diluted 1:3 (vol/vol}
with double distilled water. The temperature of the gel was maintained at 7°C be
refrigerating the gel chambers during run.

After electrophoresis, the gel was soaked in 0.5 M borate buffer (pH 4.1) for 90
min at4°C (Sims, 1965) and rinsed rapidly in two changes of double distilled water,

It was then stained for esterolytic activity by incubation at 25°C in a
solution of 100 mg of a-naphthyl acetate (as subsirate) and 100 mg fast blue RR salt
(as diazo coupler) in 200 ml of 0.1 M phosphate buffer, pH 6.5 (Sell er al., 1974).
The c-naphthol, which was released on hydrolysis of the substrate, was coupled
with the dye salt to produce an insoluble pigment at the site of enzyme activity.

After incubation, the gel was destained in 7% acetic acid.

The effect of the known esterase inhibitor: eserine and paraoxon were
examined on the tissue under investigation. Before being incubated with the
substrate and coupler, the gels were placed in phosphate buffer (pH 6.5) containing
inhibitor (10™ M) for 30 min at 25°C.

Densitometric scanning was made to estimate the relative concentrations of
the detected bands using Epson GT-8000 scanner at 570 wave length.

RESULTS AND DISCUSSION
Substrate specificity

The esterase bands or zones of esterolytic activity were detected using -
naphthyl acetate as a substrate. This substrate showed the presence of 30 bands in
the mid gut of Sch. Gregaria. Their Rm values were shown in Table (I).
Densitometric scanning of esterase bands revealed the relative concentrations of
each band in a value of its percentage Table (1) Fig. (1).
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Relative concentration of different esterase bands detected in the mid gut of nymph

and adults of Schistecerea gregaria by using o- naphthyl acetate

% of different No. of esterase bands
Band Rm
No. value Nymph Male Female
N, B, Ay N, B. Ay
| 0.052 I - - - - - -
2 0.095 2 - - - - - -
3 0.16 | - - - - 2 -
4 0.19 - - - - 3 2 -
5 0.23 2 - - 3 2 -
6 0.28 2 3 2 2 5 3 3
7 0.33 2 - 7 4 5 5 6
8 0.35 - - - - - 5 10
9 0.37 1 4 6 - 5 5 7
10 0.41 1 - 8 - 5 6 10
11 0.45 1 - 6 - - 5 10
12 0.48 3 - 3 3 - 3 10
13 0.50 6 - 4 2 - - -
i4 (.54 10 4 2 3 - - -
15 0.57 5 - - 3 - - -
16 0.60 6 - 2 5 7 - -
17 0.62 5 6 2 - - 2 -
18 0.63 - 5 2 5 10 - -
19 0.65 4 6 3 6 - 5 -
20 0.68 8 3 3 12 12 5 3
21 0.71 7 10 2 6 8 3 3
22 0.74 4 7 3 7 - 5 3
23 0.77 3 - 2 7 - 6 5
24 0.78 - - - - - 3 -
25 0.80 7 5 3 6 6 5 -
26 0.82 - 5 3 - 5 - -
27 0.86 4 5 5 5 - 5 -
28 0.89 3 6 6 5 6 6 5
29 0.92 6 12 11 7 10 6 10
30 0.95 6 14 I5 12 10 11 15

Rm: relative mobility

Ni: newly emerged males

B: males before yellow colour
A, : males after yellow colour
Nj: newly emerged females.
B,: females before oviposition
Aq: females after oviposition
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According to Megahed (1996), enzyme bands that had a relative
concentration of 15% or over were considered of relatively high concentration.
Meanwhile, those having relative concentrations of 5% or below were considered of
relatively low concentrations. The values between the two extremes (over 5% and
below 15%) represented moderate concentrations. Table (1) and Fig. (1) show that
o-naphthyl acetate was hydrolyzed by thirty bands (1-30).
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Fig. (1): Zymograph of esterase patterns Fig. (2) : Zymograph of esterase patterns
in the mid gut of the nymph and adults in the mid gut of the nymph and adults
of Sch. gregaria using o-naphthyl of Sch. gregaria using a-naphthyl
acetate as a substrate. Explanation of the  acetate as a substrate and esenine as an
abbreviations as in table 1. inhibitor.

In the mid gut of the 5" nymph instar, 25 bands were detected. Only one
band (No. 14) was highly detected.

In the newly emerged males, 15 bands were detected. Only three bands
were detected at high concentration (Bands No. 21, 29 & 30).
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o-naphthyl acetate was hydrolyzed by 22 bands in the non yeilow young
male locusts (before maturation). Only 2 bands were detected at high concentration
(Bands No. 29 & 30).

TABLE (IT)
Relative concentration of esterase bands detected in the mid gut of nymph and adults
of Sch. gregaria by using o-naphthyl acetate and after inhibition of 2 ¢nzyme
inhibitors: eserine and paragxon.

% of different No. of esterases bands
Eserine Paraoxan
Band | =
No. =) S
i N[ B| A[ N2 Bz Az E N| B| A] Nz B; Az
z A
] - - -1 -1 -7T-1T-T-"71T-7T-7T-T-71-1"-
2 A Y A A R E Y B Y O U R R
3 - talal - - -[-7-71-1T-
4 - - - - - - - 3 - - - - - -
5 -l -y -3 -]127]- 5 i -1-4t-1-1-1-=
6 7161141109 (13718410 -1-1]-+- - |-
7 4 419153 - - - - - - 3 - -
8 4 419 - 311019 - - - - - - -
9 4 - 7414 4 | 8 - - - - - - - -
10 -l 14l -] -1 -]-F-7-1-1-1-+-
11 - - - - - - - - - - 3 -
12 -l -l -y -ty -qo - - -3 --
B3 - -1 -T-T-1T-T-1T91-1- 81 - |-
14 -l -l -8y - 14l -11315]4
15 - 213705 -t - -]1-167413
16 -y 3131516l 4)-0107 -1 -0 -1-]-
17 - - - - - - - - - - - - - -
18 - -l -l -l-t-i~l6|-14]-17]4]-
19 - - 34154 - - - - - - - -
20 3444 -y6t-14-|-1-14/|6]-
21 = -4 3 6|67 - 12745 -1416]5
22 5|46 41257813 | -14]-]1-186]71
23 6 4 15 - S1 6] - - - - - - -
24 S | -1 -i-1-|l=1-]-t-Vv7l-1371-1]¢®
25 15119 - - 717002 - - 16 - 41615
26 R N R T N -
27 10 [13] - 129 - 9101 4 (1579 121) 8 [11} 7
28 8110 121413103 (17120726111 8112
29 g8 |10 - - 3134 S (18115124 8 {1620
30 17 177 8 [ 1319 1218213 2727|297 15|28)22
Ni: newly emerged males B,: males before yellow colour
A;: males after yellow colour Ny: newly emerged females.

B,: females before oviposition A, females after oviposition
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In the yellow male adults (after maturation), 18 bands were hydrolyzed.
Only two bands (No. 29 & 30) were highly detected.

On the other hand a-naphthyl acetate was hydrolyzed by 15 bands in the
newly emerged females. Only 4 bands (No. 18, 20, 29 & 30} were highly detected.

Just before oviposition, o-napthyl acetate hydrofyzed 22 bands of the
female locusts. Only one band (No. 30) was highly detected.

After oviposition, the female adults were hydrolyzed by o-naphthy! acetate
and 14 bands were detected. Only six bands (No. 8,10,11,12, 29 & 30) were detected
at high concentration.

Bands (No. 6, 20, 21, 28, 29 & 30) might be considered as the major
esterase bands for the mid gut of Sch. grigaria, as they were commonly detected in
all phases under investigation with different concentration. Most of these six major
esterases were arylesterase.  While the others were either cholinesterase or
carboxyesterase according to the phase of insect Fig (1), Table (1),

TABLE (111)
Classification of non-specific esterases by inhtbitors

Inhibitors

Type of esterases
Eserine | Paraoxon

Carbox yesterase - +

Cholinesterase + +

Arylesterase - -
{(-): non-inhibition (+): Inhibition

Kojima et al. (1970) demonstrated that the esterases exhibit a greater
degree of polymorphism than enzymes involved in glucose metabolism or other
metabolic path ways because they act on a class of molecules, many of which come
directly from the external environment. Therefore, the substrates of esterases are
qualitatively and quantitatively more variable than are the substrates of those
enzymes involved in glucose metabolism.

Esterases exhibit wide divergences in the extent of their heterogeneity and
characteristics of the multiple enzyme forms between even closely related species
(Shaurab et al., 1999). This state nent extends to our results where some esterase
bands showed multiple enzymatc forms (Table 4). This occurrence may be
correlated to the closely molecular weight of the bands or may be due to the band
isozyme change of its function according to its phase,



Response of non-specific esterases in the mid gut of nymph and adults of Sch. gregaria to specific inhibitors using o-naphthyl acetate as a substrate

TABLE (IV)

Nymph Male Female

o. N, B, A N, | B, A
HEHER AR R R I A R

[43] af_d ) 83 n‘?. RZ] ol = ] |43 a ] w a @ m g ] j<a] g @
1 + | + |Choline
2 + | + (Choline
3 + | + |Choline * * * 1 + |Carboxy| - | + [Carboxy
4 * + | + | Choline| + | + | Choline | + | + | Choline
5 -] - | Aryl - | + |[Carboxy| + | + |Choline| - | + |Carboxy
6 - - am | - |+ Tearboxy| - | + [Carboxy| - Carboxy| - | + |Carboxy{ - | + |Carboxy| + | + [ Choline
7 - - | Aryl -+ - (Carboxy| - | + [Carboxy| - | - Aryl + ! + {Choline [ + | + { Choline
8 * * * + |Carboxy| + | + | Choline
9 - | - | Aryl [ + | + |choline| - | + [Carboxy| * « | + [Carboxy| - | + jCarboxy| - | - |Carboxy
10 + | + |Choline - | + |carboxy + | + | Choline| + } + | Choline
11 + | + |Choline + | + | Choline * + | + | Choline *
12 + | - (Choling + { + {Choline | + { + | Choline * + | + iCholine ®
13 | - | - A + | + | Choline| + | + | Choline *
14 - | - | Aryl | + | + [choline| + | + ! Choline| + | + |Choline| * | * *
15 - | -] Aryl -} + |Carboxy| * | * *
16 -1 - | Aryl -+ - | + |Carboxy + |Carboxy! *
17 - | - [(Choline| + { + choline_L tt Choline + [ + | Choline

£8
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TABLE (1V) continued
1

' Nymph Male Female
E N} B| A] N2 B2 Az
2 515 v (5|8 & 8I18| ¢ |58/ & (5 (8 € [5/8( & (3|8 §

GHERIHER RN RN RN R
18 * + t + (Choline| + ! + !choline | + | + [ choline | + | + | Choline *
19 + | + |Choline| + | + |Choline{ - | + |Carboxy| - | + jCarboxy| * - | + [Carboxy
20 - | -] Aryl { - | + |carboxy| - | + |carboxy| - | + |Carboxy) + | + |Choline | - | - Aryl | + | + ] Choline
21 + | + [Choline| - [ - | Aryles [ - { - Aryl - | + |Carboxy| - | - { Aryk | - | - Aryl -1 - Aryl
22 - | < | Ayl | - ) + jcarboxy| - | - Aryl - | + |Carboxy -] - Aryl - - Aryl
23 - -1 Aryl | * - | 4+ |carboxy| + | + | choline - 1 + |Carboxy| + [ + | Choline
24 * * * + | + | Choline *
25 - T - Aryl + |carboxy| - | - Aryl + | + | choline | - | - Aryl - - Aryl * %
26 + |Choline] + | + | choline - [ + |Carboxy *
27 -0 -1 Aryl - Aryk | - | - Aryl - - Aryl * -l - Aryl * 0 * | Aryl
28 - - | Ayl - | Aryl | - -1 Aryl - | - | Aryl - -1 Arvl -l -7 Ayl | - | - Aryl
29 - - | Aryl - | Aryl - - Aryl -] - Aryl -] - Aryl - - Aryl - - Aryl
30 - -1 Aryl - | Aryl - - Aryl - |- Aryl -4 - aryl - b Aryl -1 -
Classification : _

Type of esterases Eserine b Parapgxon -
Carboxyesterase - ¥
Cholinesterase + +
Arylesterase - -
. An esterase band which was not detected by the substrate and activated by the inhibitor
N : newly emerged males B\ : males before yellow colour A, : males after yellow colour

Nz : newly emerged females. B: : females before oviposition A, : females after oviposition
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Inhibitor specificity

Using the classification in Table (3), we investigated the effects of
inhibitors on esterases separated from the mid gut of Sch. gregaria at the present
investigated phases Figs. (2 & 3).

Table (5) summarized the total number of esterase bands detected in the
mid gut of Sch. gregaria. Three esterase enzymes (cholinesterase, carboxyesterase
and arylesterase) were occurred.

Carboxyesterases are closely related to cholinesterases, since they
hydrolyse awide range of aliphatic esters, including cholinesterase. They may be
distinguished, however, by their resistance to 10* M eserine which completely
inhibits cholinesterases.

In the present investigation, four bands of carboxyesterases were detected
in the newly emerged males of the mid gut of Sch. gregaria which increased to eight
bands before and after maturation. In spite of the absence of this esterase in the
nymphal stage, the newly emerged females have detected five bands of
carboxyesterase which increased just before oviposition to six bands and then
decreased to three bands after oviposition.

&=
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=

Fig. (3): Zymograph of esterase paiterns in the mid gut of Sch. gregaria using a-
naphthyl acetate as a substrate and paraoxon as an inhibitor. Explanation of the
abbreviation as in tablel.
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From the previous results, it is concluded that carboxyesterase increased by
increasing age in case of males while it was fluctuated in case of females /e it

slightly increased before oviposition and then decreased after oviposition.

Megahed (1998) reported that carboxyesterase was increased by increasing
age of female adults of Culex pipiens.

An elevated esterase-based mechanism is the major form of resistance in
many pests (Graham and Janet 2000). They reported that widespread resistance to
organophosphorus insecticides in Nilaparvata fugens is associated with elevation of
carboxylesterase activity, The absence of carboxyesterase in nymphal stage of Sei.
gregaria may be a suitable time to apply (use) organophosphorus insecticides.

The total number of cholinesterase bands detected in the mid gut of Sch.
gregaria didn't increased by increasing age. Nine bands were detected in the nymph
while it decreased to six bands in the newly emerged males then it increased to seven
bands before maturation and returned to six bands after maturation. In case of newly
emerged females, cholinesterase bands decreased to four bands. Then eight bands were

detected just before maturation and decreased to six bands after maturation.

The occurrence of cholinesterase enzyme in the mid gut of Sch. gregaria
was an expected result because the fact that the mid gut is a neural tissue. Thus it is

innervated from the visceral nervous system.

However, Gerd et al. (2004) found a complex pattern of acetylcholine esterase
AchE expression in the nervous system and in epidermal body structures during the
embryonic and larval development of the grasshopper species Locusta migratoria and
Schistocerca americana. They concluded that the timing of AchE expression and its
appearance in non-neuronal cells provides evidence for its non-cholinergic function
during grasshopper development. This may explain the presence of greatest number of
cholinesterase bands in the mymphal stage of Sch. gregaria Table (5).

TABLE (V)
Band numbers of carboxyesterase, cholinesterase and arylesterase detected in the
mid gut of nymph and adults of Sch. Gregariu

Male [ Female
Esterase Nymph N, B, Al l N, B, A,
Carboxyesterase Zero 4 8 8 5 G 3
Cholinesterase 9 6 7 6 4 8 6
Arylesterase 16 5 7 4 6 8 5
N: newly emerged males B, : males before vellow colour
Ay males after yellow colour N : newly emerged females,

B.: females before oviposition A; : females after oviposition
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Lie et al (1984) reported that in the pupae of the corn borer, Osterinia
Jfurnacolis, there was difference in the zymograms detected between the different
developmental stages and between the different sexes. This conclusion is in
agreement with our results in the present investigation, as the isozymes detection
was clearly fluctuated in the different developmental stages of the locust Sch.

gregaria,

Also Krishnamurthy and Umakanth (1997) reported that esterases
contributed to fecundity of the silk worm, Bombyx mori, as the activity of these
enzymes decline in the females after oviposition. This conclusion agrees also with
the present results, as the cholinesterase and arylesterase bands declined in the
females of Sch. gregaria after oviposition.

One most interesting observation in the present work was the esterase
bands which were activated by the enzyme inhibitor (Table 4). These esterase bands
were capable of hydrolyzing a-naphthy! acetate only after addition of the eserine or
paraoxone enzyme inhibitor, These esterase bands may be part of the detoxification
mechanism of the insecticides used as inhibitors. A similar observation of esterase
bands resistant to certain enzyme inhibitor was reported by Freyvoget et ai. (1968),
Edward et al. (1978) and Megahed (1998). This anomalous behaviour of esterase
bands was explained by Mutero ef al. (1994) in Drosphila melanogaster as
mutations associated with the coding regions of the genes encoding these proteins
(esterases).

SUMMARY

Mid gut esterase patterns, using polyacrylamid gel electrophoresis in
grasshopper Schistocerca gregaria was studied in the 5" nymphal instar, male and
femaie adults at three phases (newly emerged, before and after maturation). o-
naphthyl acetate was used as substrate; meanwhile eserine and paraoxon were used
as inhibitors.

Thirty esterase bands were capable of hydrolyzing o-naphthyl
acetate.Three esterases (carboxyesterase, cholinesterase and arylesterase) were
detected in the mid gut of Sch. gregaria.

Bands (No. 6, 20, 21, 28, 29 & 30) might be considered as the major
esterase bands for the mid gut of Sch. gregaria as they were commonly detected in
all phases under investigation. Most of these bands were arylesterase, while the
others were either cholinesterase or carboxyesterase according to the phase of insect,

The correlation between mid gut maturation and the occurrence of esterases was
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discussed. Some esterase bands showed multiple enzymatic forms which may be
due to the closely molecular weight of the bands or to the band isozyme change of
its function according to its phase. Some esterase bands capable of hydrolyzing «-
naphthyl acetate only after the addition of eserine and paraoxon enzyme inhibitor.
These esterase bands may be part of the detoxification mechanism of the insecticides
and function as inhibitors.
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