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Two metabolic enzymes of oriental migratory locust. Locusta migratoria mani-

lensis (Meyen), from two locust areas with different ecological characteristics

HE Yaaning ,LIU Xin,MA En-Bo”" (College of Life Science and Technology,Shanxi University, Taiyuan 030006 ,China). Acta
Ecologica Sinica,2005,25(2) :203~209.

Abstract : Huanghua and Pingshan are two different locust swarming areas in Hebei, China. Huanghua is sea-coast locust area
and Pingshan is lake-shored area. Huanghua is a plain in Hebei province close to Bohai bay, where Locusta migratoria
manilensis (Meyen) feeds on Phragmites communis (Trin). Frequent massive outbreaks of Locusta migratoria manilensis
(Meyen) in Huanghua make it an important area of locust pest control in China. Pingshan is a mountainous area, and collection
place is verge of Gangnan reservoir. Locusta migratoria manilensis (Meyen) feed on Echinochloa crusgaii (1..) Beauv and other
crops like corn and legume in Pingshan, and chemicals have been rarely used for locust control for water source protection.
General esterases and glutathione S-transferase (GST) of oriental migratory locust, Locusta migratoria manilensis (Meyen) ,

collected from the two localities were compared. Inhibition studies of the esterases using four inhibitors (i. e., paraoxon,
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malaoxon, eserine, and carbaryl) indicated that most of general esterases in the two populations were B-type. Using a-NA, a-
NB and B-NA as substrates, the activities of esterases were found 1.63-, 1.66-, and 1.70-fold higher for females from
Huanghua population and 1.12-, 1. 41-, and 1. 27-fold higher for males from Huanghua population than those from Pingshan
population. Meanwhile Huanghua population had more individuals with high esterase activity than Pingshan population. The
difference of LDs, value for malathion between the two populations was consistent with the difference of esterase activities,
suggesting that general esterases contributed to the malathion resistance of the two populations. The spectrum of esterase
activities suggested that Huanghua population had higher potential resistance level than Pingshan population. However, the
GST activity of Huanghua population was lower than that of Pingshan population. We suggested that GST activity was not
responsible for the malathion resistance of Locusta migratoria manilensis (Meyen).

Key words: locust area; esterase; GST; insecticide resistance; oriental migratory locust; Locusta migratoria manilensis
(Meyen)
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1 Introduction

The oriental migratory locust, Locusta migratoria manilensis (Meyen) (Orthoptera: Acrididae) is widely distributed in
Southeast Asia (South of N 42°), including Thailand, Cambodia, Indonesia, Japan, China, etc. ™. The locust species can
develop into two phases: the solitary usually of green color and the gregarious yellowish brown color with black stripes on
pronotum. In China, the migratory locust occurs in highly divergent ecological habitats. The highest densities of the locust are
found in prairies and croplands with abundant food supply. They primarily feed on bulrush and gramineous plants, causing a

2],

tremendous losses to gramineous crops because of its huge food consumption and periodic outbreaks The breeding areas of

Locusta migratoria manilensis (Meyen) might be divided into four basic types in China, (A) Lake-shored areas, (B) River

[1.2

flood locust areas, (C) Sea-coast locust areas and (D) Inland plain flood areas In recent years, the destructive outbreaks

of the oriental migratory locust are increasing in China. both in frequency and scale, possibly due to the global climate

changes? %,

Huanghua and Pingshan are two important locust areas in Hebei, China with distinct ecological characteristics.
Huanghua belongs to sea-coast locust areas, whereas Pingshan belongs to lake-shored locust areas.

Numerous studies have demonstrated that esterases and glutathione S-transferases (GSTs) play important roles in
conferring or contributing to insecticide resistance in insect and other arthropod species. In peach-potato aphid ( Myzus
persicae) and southern house mosquito (Culex quinquefasciatus), increased carboxylesterase activities are due to the

[4~8]

overproduction of unaltered enzymes as a result of gene amplification These enzymes are B-esterases with a very limited

ability to hydrolyze the insecticide esters. They cause insecticide resistance primarily via sequestration of insecticides by large

891 The GSTs belong to a superfamily that can produce resistance to a range

amounts of esterases present in resistant insects
of insecticide by conjugating reduced glutathione (GSH) to the insecticide or its primary toxic metabolic product™”). GST-based
resistance has been demonstrated in Musca domestica, Anopheles gambiae, Plutella xylostella .. and Blattella germanica et
al""~"1, However, mechanisms of esterases and GSTs in resistant locust remained unknown.

Malathion is an organophosphate insecticide and has been used for oriental migratory locust control for more than 20 years
in China. Recently, however, its efficacy has been observed deceasing in controlling certain populations of the pest:'*). The
objectives of this study were to (1) survey the differences of biochemical properties of general esterases and GSTs activity
between Huanghua and Pingshan population of the pest and (2) investigate the relationship between the two metabolic enzymes
and malathion resistance level in the two field populations.

2 Materials and methods
2.1 Insects

The fifth-instar nymphs of the oriental migratory locust were collected in 2003 from Huanghua (in gregarious phase;
namely population-HH) and Pingshan (in solitary phase; namely population-PS), both in Hebei Province, China. All the
locusts were stored at —20 C prior to experiment.

2.2 Chemicals

Bicinchoninic acid solution (BCA), eserine (hemisulfate salt), fast blue B salt (O-dianisidine, tetrazotized), a-naphthol,
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B-naphthol, a-naphthyl acetate (a-NA), B-naphthyl acetate B-NA), a-naphthyl butyrate (a-NB) were from Sigma Chemical
Co. (St. Louis, MO). Paraoxon (90% purity), malaoxon and carbaryl (99%) were from Chem Service (West Chester, PA).
Bovine serum albumin (BSA) was from Bio-Rad Laboratories (Hercules, CA). Reduced glutathione (GSH) was from Bio Basic
Inc and 1-chloro-2,4-dinitrobenzene (CDNB) was {from Sangon.
2.3 Assay of general esterase activity

Whole thorax of fifth instar nymph was homogenized in 0.5 ml ice-cold 0. 1 mol/L phosphate buffer (pH 7.5) containing
0.3% (v/v) of Triton X-100. The homogenates were centrifuged at 15 000g for 20 min at 4 C, the supernatants were
transferred to clean tubes and used as enzyme sources. General esterase activities were assayed by the method of van
Asperen™ with some modifications by Zhu and He"'® using «-NA, B-NA and a-NB as substrates. General esterase activities
were assayed with 31 replicates, each with three determinations.
2.4 In vitro inhibition of general esterases

Inhibitions of general esterases by paraoxon, malaoxon, carbaryl and eserine were determined with females and males of
population-HH and population-PS. Paraoxon was diluted with 0.1 mol/L phosphate buffer (pH 7.0) due to its strong
hydrolyzing ability. The others were diluted with 0. 1 mol/L phosphate buffer (pH 7.5). A group of ten whole locust thoraxes
was homogenized as described above. After the homogenates were centrifuged at 15 000g for 20 min at 4 C , the supernatants
were transferred to clean tubes and used as enzyme sources. The inhibition reaction was started by incubating 10 pl of the
enzyme preparation with 10 pl of each inhibitor at room temperature for 5 min, and terminated by adding of 130 pl of 31.2
mmol/L «-NA. The remaining esterase activity was determined immediately.
2.5 Assay of GST activity

The preparation of the enzyme sources was as in assay of esterase activity. GST activities were assayed by the method of

"l with some modifications using CDNB as substrate. Briefly, 10 pl of enzyme sample were decanted into the wells of a

Yang'!
microplate. 190 pl of the CDNB-GSH mixture (10. 35 mmol/L CDNB : 200 mmol/L. GSH = 188 : 2 (v/v)) was added to each
well. The change in absorbance was recorded at 340 nm for 1 min using the microplate reader. GST activities were calculated
using the extinction coefficients of 9. 6 mmol/(L * cm).

2.6 Protein assay

Protein concentrations of the enzyme preparations were

determined according to Smith et al. using BSA as a [ a-NA W HH femal
; ) . ) . 16 ; O HH male
standard"®). Briefly, 20ul appropriately diluted protein samples 12 E O PS female
L PS male
or BSA solution were decanted into the wells of a microplate. gL
Add 180pl of the BCA/Cu™ solution (BCA solution: 4% cupric 4r
C i A LA G- -
sulfate solution =50 + 1 (v/v)) to the wells containing the 0 50 50 450 50 650 750 850 950 1050

a-NB

protein samples. Incubate the microplate for 30 min at 37 C

then set for 5 min at room temperature. The absorbance was

recorded with the microplate reader at 560 nm"*".
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Fig. 1 shows the esterase activities spectrum difference ;
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between the two populations using three selected substrates.
The frequency of esterase activity for population-HH was in the
high activity range, but those of population-PS in the low Fig. 1 Esterase activity profiles in Huanghua poulation (HH) and

activity range. Table 1 shows the differences in esterase specific Pingshan population(PS) with the substrate a-NA,«-NB.,and 3-NA.

activities between population-HH and population-PS using a- The esterase activity was individually determined in 31 thoraxes of

locust for each sex of each population using the esterase microassay

NA, a-NB and B-NA as substrate. No significant differences in
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the esterase activities were detected in male between Huanghua and Pingshan populations using 3-NA as substrate and in
population-PS between female and male using «-NA as substrate. When a-NA, o-NB and B-NA were used as substrates,
females’ general esterase activities of population-HH was 1. 63-, 1. 66- and 1. 70-fold higher than those of population-PS and
males’ general esterase activities of population-HH was 1.12-, 1.41- and 1.27-fold higher than those of population-PS,
respectively.

Table 1  General esterase activities (pmol/(min ¢+ mg)) using a-NA, a-NB and B-NA as substrates in Huanghua (HH) and Pingshan (PS)

populations of Locusta migratoria manilensis (Meyen)?*

a-NA a-NB B-NA
Sex HH PS HH PS HH PS
$ 0. 5564 0. 125a 0.34140.083a" 0.52840.130a 0.31840.082a* 0.451+0.103a 0.266+0.078a"
S 0.36840.077b 0.32840.067a" 0.35840.101b 0.25440.096b* 0. 32240.096b 0.25340. 069b

* Results are presented as the mean 4+ SD; Means within columns followed by the same letter are not significantly different (P>>0.05) by

Student’s ¢-test; * Means within rows with the same substrate are significantly different (P<C0.05) by Student’s /-test

3.2 In vitro inhibition of general esterases

Two organophosphates (paraoxon and malaoxon) and carbamates (eserine and carbaryl) were used in in vitro inhibition of
general esterases. Paraoxon was the most potent inhibitor of the esterases and eserine was the least potent inhibitor of the
esterases (Table 2, Fig. 2)., suggesting that most of general esterases in the two populations were B-type based on the

classification of esterases by Aldridge ™"

. There were significant differences in the pls,(the negative logarithm of the medium
inhibition concentration) values for paraoxon and eserine in females, and for carbaryl in male between the two populations by
Student’s ¢-test (Table 2).

Table 2 pls values for paraoxon, malaoxon, carbaryl and eserine in in vitro inhibition to esterases of Huanghua (HH) and Pingshan (PS)

populations of Locusta migratoria manilensis (Meyen)?*

. ) plso Regression coefficient, » r significance, p
Inhibitor Population

Female Male Female Male Female Male

Paraoxon HH 6.36+0.11a 6.17+0.14a* <—0.98 <—0.98 <0. 001 <0. 001
PS 6. 05+ 0. 04b 6.06+0. 16a <—0.98 <<—0.98 <0. 001 <C0. 001

Malaoxon HH 6.16+0.11a 6.33+0.15a <—0.99 <—0.93 <0. 001 <C0. 005
PS 5.7640. 25a 6.4440.45a" <—0.98 < —0.97 <0. 001 <0. 001

Carbaryl HH 4.29-+0. 29a 2.90+0.57b" < —0.98 <—0.98 <0. 001 <0. 005
PS 4.07+0.93a 4.59+0. 22a < —0.96 < —0.98 <C0.001 <0. 001

Eserine HH 2.72+0.11b 2.6540. 44a < —0.97 <—0.98 <0. 001 <0. 001
PS 3.25+0.17a 2.5440.37a" < —0.98 < —0.95 <0.001 <0.01

* Results are presented as the mean + SD (n=4); Means within columns with the same inhibitor followed by the same letter are not

significantly different (P>>0.05) by Student’s z-test; ¥ Means within rows are significantly different (<C0. 05) by Student’s ¢-test

. Female
100 | Paracxon 10T 100 - Carbaryl 100 Eserine
80| 8o 8o sof
£ 60| 601 60 | 33 r
2 4l 401+ 40 B
= - HH 20 -
g 20 o PS 20 20
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g 45678910 2 34 567 8 910 01 234567
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Fig. 2 Inhibition of general esterases from the Huanghua(HH) and Pingshan(PS) populations of L. migratoria manilensis(Meyen) by four
selective inhibitors ,paraoxon,malaoxon,carbaryl and eserine at room temperature (approx. 24 C) ; Vertical bars indicated SD of the mean of

four determinations (n=4)
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3.3 Assay of GST activity Table 3 GST activities of Locusta migradtoria manilensis (Meyen)

The differences of GST activity of population-HH and  collected from Huanghua (HH) and Pingshan (PS) (pmol/(min -
mg) protein)

population-PS are showen in table 3. The GST activities of

Sex HH PS
population-HH were lower than those of population-PS. The Female 5.15+1. 39 5.83+1.01a
GST activity of population-PS was 1. 13 fold as high as that of Male 6.20+1. 34b 7.30+1.23b"
population-HH in females. and 1. 18-fold as high as in males. # Results are presented as the mean +SD(n=15). Means within
The GST activities in males were 1. 20- and 1. 25-fold as high columns followed by the same letter are not significantly different (P
as those in females for population -HH and population-PS. >>0.05) by Student’s ¢-test; * Means within rows are significantly
4 Discussion different (P<C0. 05) by Student’s ¢-test

4.1 General esterase characterization and relationship to malathion resistance

General esterases are commonly classified into three types according to their interactions with organophosphate compounds
(OP)I*1. The A-esterases are not inhibited by OPs but degrade these insecticides as their substrates, whereas the B-esterases
are inhibited readily by OPs". The C-esterasess which was later added to the classification, do not interact with OPs!?. In
vitro inhibition showed that about 93. 0 and 85. 8% of general esterases in the females and 87. 3 and 78.8% in the males for
population-HH and population-PS, respectively, were B-type esterases, and carboxylesterases were predominant in the
composition of general esterases in Locusta migratoria manilensis (Meyen),

Malathion as an important organophosphate insecticide has been used to control Locusta migratoria manilensis (Meyen) in
China since 1983. Recently, it has been noted by the pesticide users that malathion control of some populations of the oriental
migratory locust in Tianjin became increasingly difficult. They experienced that the oriental migratory locusts in Beidagang,
Tianjin had developed 2.9 to 4.5- fold resistance compared with locust of Hangu in Tianjin., which was a relatively sensitive
population™*). Our primary study showed that LD, value of population-HH for malathion (15. 09 pg/g insect weight)? was
very close to that of Beidagang (18.84 pg/g insect weight) (unpublished data). LDs, value of population-PS for malathion
(8.57 pg/g insect weight)™ was 1. 76, 2. 20- fold lower than that of Huanghua and Beidagang, respectively. The ecological
characteristics of Huanghua and Beidagang were very similar with salty soils as they are close to Bohai Bay and belong to sea-
coast locust areas. Locusta migratoria manilensis (Meyen) feed on Phragmites communis (Trin) in the two locust areas. The
breeding {requencies of locust in Huanghua and Beidagang were similar and they were priority areas of locust control, malathion
has been frequently used. Furthermore, population genetic studies of the locusts from Beidagang and Huanghua showed the
two populations had similar genetic background™". It was proposed that population-HH had similar resistance levels to the
locust from Beidagang. However, ecological characteristic of Pingshan is different from Huanghua and Beidagang. Individuals
in Pingshan were collected on verge of Gangnan reservoir, where soils are sandy. Locusta migratoria manilensis (Meyen) in
Pingshan feed on Echinochloa crusgaii (L..) Beauv and some crops like corn and legume. Breeding frequencies of locust in
Pingshan were once every 3 to 5 years, lower than that in Huanghua and Beidagang™'. Malathion was sprayed to control locust
pest five times in small scale in Pingshan before our specimen collection. We suggest that the higher resistance level of
population-HH than population-PS is due to the more severe insecticide pressure to population-HH than to population-PS. A
baseline sensitive population of oriental migratory locust is needed to determine the resistant levels of population-HH and
population-PS.

Numerous studies have demonstrated that esterases play an important role in conferring or contributing to insecticide
resistance in insect and other arthropod species. Zhu et al. proposed that aNA-hydrolyzing esterases could be used to
accurately reflect the resistance situation of greenbugs (Schizaphis graminum) in fields™. The insect esterases can either
cause broad spectrum resistance to various insecticides through rapid binding and slow turnover of insecticide molecules G. e. ,
sequestration) or cause narrow spectrum resistance to very restricted range of insecticides containing a common ester linkage
such as malathion through rapid metabolism of the insecticides? ?). Between population-HH and population-PS, the
difference of resistance level to malathion corresponded to the esterase activity variations. Though general esterase activities of
population-HH had only 1.2 to 1.7-fold higher than those of population-PS when «-NA, a-NB and B-NA were used as

substrates, the spectrum of general esterase activities showed that individuals with high esterase activity were increased in

population-HH using the three selected substrates (Fig. 1). These results suggested that activities of general esterases were
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increased along with the resistance to malathion in the two populations. Based on the spectrum of esterase activities of the two
populations, it could be inferred that population-HH had higher potential resistance to malathion than population-PS. Since
most esterases in population-HH were B-type, we proposed sequestration may be responsible for the increase of esterase
activities.
4.2 The role of GST in the insecticide resistance of oriental migratory locust

Increased GST activity was an important mechanism of insecticide resistance in insect. Furthermore, sublethal doses of
abamectin and B-cypermethrin could enhance the GST activity in sensitive strain of diamondback moth (Plutella xylostella
(L.)), but inhibit the GST activity of resistant strain of diamondback moth'**/. GST activity in population-HH was lower than
that in population-PS, which was a relatively sensitive population to malathion. This result is consistent with the result

[28]

obtained by Liang et al. since no sensitive locust population with increasing GST activity was available so far, it was inclined

that elevated GST activity did not contribute to the malathion resistance in Locusta migratoria manilensis (Meyen).
4.3 Implications to the pest control and management

The devastation of swarming locust pest was ofen compared to that of flood and drought in the Chinese history'*). Controls
by manual catching, use of insecticides and through environmental reformation are common practices in locust abatement
programs in the country. Chemical control, especially the use of organophosphate compounds, remains to be the major
measure. As a result, some locust populations have been noted developing resistance or potential resistance to some chemicals.
In this study, we investigated the resistance of population-HH and population-PS to malathion. Our previous studies showed
that acetylcholinesterases on which OP insecticides acted, purified from population-HH was 62-, 2. 0- and 1. 6-fold less
sensitive to inhibition by the three OP compounds, chlorpyrifos oxon, demeton-S-methyl and paraoxon, respectively, than that
from population-PS™, Tt indicated that the resistance levels of Locusta migratoria manilensis (Meyen) to the three OP
insecticides were different. We estimated that resistance level for chlorpyrifos of population-HH was much higher than that of
population-PS. It is necessary to determine the level and spectrum of OP (i. e. parathion, chlorpyrifos and demeton-S-
methyl) resistance in Locusta migratoria manilensis (Meyen) from different locations. Based on the spectrum of OP resistance
in Locusta migratoria manilensis (Meyen), appropriate chemicals could then be recommended for locust control. Since chemical

control would inevitably result in the development of insecticide resistance and other unforeseen problems other measures such

[30~33 [2]

as bio-control (e. g. application of Metarhizium, Nosema locustae) I and environmental modification' are preferable

alternatives.
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