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Abstract The sendtivity of 2.8sand 8. 7s acetylcholinesterase (AChE) to eserine sulfate is sgnificantly
lower in redgtant (R) strain than in susceptible (S) strain in five AChE forms islated by sucrose gradient
centrifugation from cotton bollworm, Helicoverpa armigera. There are 186 and 85 times of difference in
heads of adults and 10'° and 10° timesof difference in heads of larvae based on a conparin of lso values for
2.8sand 8. 7sforms repectivey. The sendtivity of 5. 3sform of AChE to eserine sulfate shows 123 times of
difference between R and S gtrainsin larvae, however no difference in adults. The above resultsindicate that
inendtive 2. 8s, 8. 7sand 5. 3sforms of AChE may play an important role in the redstance of cotton boll-
worm to organophogphate and carbamate insecticides.
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1 INTRODUCTION

Cotton bollworm , Helicoverpa armigera HUbner isa major pest of many agricultur-
a crops throughout many partsof the old world and many kinds of insecticides were used
for its control. Now , cotton bollworm has developed resstance to DD T, organophos
phate, carbamate and pyrethroid insecticides (Lin et al. 1988, Mu and Wang d. 1993,
Tang 1983, denn et al. 1994, McDondd et al. 1993, Ddy 1988, Ddy and Fitt
1990) . Organophosphate and carbamate are two types of main inhibitors for AChE and
the insengtivitiesof AChE (altered AChE) are one of the main redstant mechanisms to
these two typesof insecticidesin insects. AChE from vertebrates and insectsis known to
exist in a number of molecular forms which have been divided into two classes, asymmet-
ric and globular. The globular forms correspond to monomers (Gl) , dimers (&) , and
tetramers (4) of smilar cataytic subunits. The asymmetric forms are characterized by
the presence of a collagerrlike tail asociated with one, two , or three catalytic subunit te-
tramers (Masoulie et al. 1991) . dobular forms can befurther subdivided into two cate-
gories: luble forms and detergent-binding forms, which contain a hydrophobic domain
that presumably anchorsthe enzyme in phogoholipid membranes (Masooulie et al . 1991,
Lazar and Vigny 1980, Gnagey et al. 1987). The primary objective of this study is to
compare the sengtivity of the different molecular formsof AChE to the variousinhibitors
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in the resstant and susceptible strainsof cotton bollworm to the organophogphate i nsecti-
cides.

2 MATERIALS AND METHODS

2.1 Insects

Susceptible and red stant strainsof cotton bollworm larvae were reared with artificia
diet (Gao et al. 1996a) . The susceptible strain had been maintained in the laboratory for
> 25 generations without exposure to any insecticides. Redstant strain was established
from a resstant field population and had been sdected repeatedly with parathion-methyl
in the laboratory to increaseitsredstance (Geo et al. 1996a, b) . Insect rearing was con-
ducted at 26 , aphotoperiodof 16 8h (L D) and reative humidity (RH) 70 %- 80 %.
The redstant strain had developed 50 - 100 factors redstance to parathion-methyl ,
DDV P and methomyl .

2.2 Chemicals

SAcetylthiocholine iodide was purchased from Huka Co. 5,5 -Dithiobis (2-ni-
trobenzoic acid) (DTNB) was purchased from Roth Co. Eserine sulfate, 99 %, and
Sepharose 4B were purchased from Sgma Co. Sephadex G200 was purchased from
Aldrich Co.

2.3 Analysis of the molecular forms of AChE by sucrose gradient centrif ugation

Centrifugation of the extracts from heads of adults or larvae was performed usng
Spinco SW55Ti rotorsat 105000 g (34 000r/ min) for 90min, at 4(C,in5%- 20 % su-
crose gradientsin 10" *mol/L TrisHO ,pH 7.0,5x 10" ?mol/L Mgd2, with or with-
out 0.5 % Triton X-100 (Arpagaus and Toutant 1985, Gao et al. 1998) .

3 RESWL TS

The molecular formsof 2.8s, 5.3s, 8.7s, 11. 9s, and 15. 6s AChEs were ilated
by sucrose gradient centrif ugation from cotton bollworm. Table 1 shows the median inhi-
hition concentration (Isp) of AChE by eserine sulfate from the headsof adults. The sens-
tivity of 2.1s, 8. 7sand 15. 6s AChEs to eserine sulfate is much lower in redstant strain

Table 1 Comparion of senstivity to eserine sulfate among the different molecular forms of AChEsfrom the
heads of adults (lsp ,M)

AChE Without Triton X-100 With Triton X-100

Fraction

R S R/'S R S R/'S

2.1s 4.47x10°°% 2.40x10° 7 186.3 3.62x10°% 2.06x10°® 175.7

5.3s 1.02x10°° 9.09x10°° 1.1 2.07x10°* 1.75x10 * 1.2
8.7s 8.06x10°° 9.5110°° 84.8 1.09x10°° 2.43x10°7 44.9
11.9s 1.28x10°* 1.08x10"* 1.2 8.85x10°° 1.15x10°° 7.7
15. 65 3.05x10°° 3.06x10° 4 10.0 3.62x10°%  4.95%x10°° 6.3
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than in the susceptible strain and the resstant strain are 186, 85, and 10 timesin |5y va-
uesof 2.8s, 8.7s, and 15. 6s AChEs inhibited by eserine sulfate as compared with the
susceptible strain respectivdy. The sengtivity of 5. 3sand 11. 9s AChEs to eserine sulfate
from the resstant strainisamost the same asthat from the susceptible strain. The seng-
tivity difference of 8.7s AChE between R and S strains reduces one time in the presence
of Triton X-100 compared to the absence of Triton X-100. However , the sengtivity dif-
ference of 2.8s AChE between the R and S strainsin the presence of Triton X-100 is not
sgnificantly different from that in the absence of Triton X-100.

The nstivity dfference of 2. 1s, 5. 3s, and 8. 7s AChEs to esrine aufate between R
and Sdransis much norein larvee than in aduts. Isp vduesof 2.1s, 5. 3s, and 8. 7s AChEs
from R ran, inhibiting by eserine sufate, are 10", 123 and 10° times higger than those from
Sdranintheabsenceof Triton X-100 and 10™ , 126 and 10° timesin the preeence of Triton X-
100 regectivdy. The sngtivity of 15.6s AChE from R dran to esrine sufate is dnog the
|ame as S dran in the absence or preence of Triton X-100. However the endtivity of 11.9s
AChE to esrine aufateislessin R gran thanin S dran.

Table 3 shows the values of the disociation constant ( kg) , phosphorylation rate
(kz) , and bimolecular velocity constant (ki) of AChE with variousinhibitorsin the pres

Table 2 Comparison of sengtivity to eserine sulfate among the different molecular formsof AChEsfrom the
heads of larvae (lsg ,M) .

AChE Without Triton X-100 With Triton X-100

Fraction R S R/'S R S R/'S
2.1s 1.65x10°* 2.88x10°"® 5.8x10"° 8.39x10°* 5.16x10°* 1.6x109
535  6.36x10°° 7.61x10 ' 123.0 3.25x10°* 2.57x10°°® 126.5
8.7s 5.87x10°° 1.56x10°° 3.8x105 1.01x10°° 6.97x10°® 1.5x10°
11.9s 3.23x10°? 1.09x10 2 3.0 3.87x10°% 5.88x10°® 6.6
15.6s 6.48x10° % 3.38x10°° 1.9 5.00x10°% 4.16x10°° 1.2

Table 3 Comparion of AChE senstivity to various inhibitorsfrom the adult head of cotton bollworms.

K x10*(min~* , M~ %) Kz (min™ %) Kgx10 (M%)

i Without With
Inhibitors  \wjthout Triton  With Triton  Without Triton  With Triton Tlritorl: Trilton
X-100 X-100 X-100 X-100 %100 X100

Eserine sulfate 53.334+11.200 1.098+0.290 0.326+0.024 0.266+0.002 0.611 6.488
Madaoxon 32.810+8.124 14.699+5.843 0.778+0.073 0.525+0.080 2.371 3.517
Thiodicarb 13.677+£3.131 4.614+£1.697 0.374+£0.034 0.160+£0.033 2.734 3.472
Carbof uran 13.090+2.066 7.814+4.717 0.576+0.132 0.159+0.143 4.400 2.035
Methamidophos 12.392+5.725 37.343+14.942 0.498+0.080 0.078%x0.005 4.016 0.209
Methomyl 8.434+1.381 1.629+0.398 0.368+0.020 0.275+0.027 4.332 16.880
Paraoxon 5.999+1.955 3.970+0.551 1.504+0.996 0.606+0.055 25.071 15.264
DDV P 1.351+£0.384 6.325+0.925 1.180+0.367 0.465+0.016 87.343 7.352
Monocrotophos  1.176 £ 0. 230 0.857+0.077 0.386+0.036 0.132+0.001 32.823 15.403
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ence or absence of Triton X-100. The sendtivity of AChE to eserine sulfate, maaoxon,
thiodicarb , carbof uran, methomyl , and paraoxon reduces, but the senstivity of AChE to
met hami dophos and DDV P evidently increases in the presence of Triton X-100. The k;
vauesof methamidophos and DDV P with AChE increase 3 and 5 times whereas the k;
vd ues of malaoxon, paraoxon and monocrotophos reduce 2.23, 1.51 and 1. 37 times re-
ectivdy when the presence of Triton X-100. The k; valuesof carbamate inhibitors with
AChE ggnificantly reduce in the presence of Triton X-100. It suggeststhat the aggreger
tion of AChE monomers may afect the interaction of AChE with inhibitor.

4 DISCUSSION

Five fractionsof AChE were obtained by sucrose gradient centrif ugation from cotton
bollworm. The sengtivity of 2.1sand 8.7s AChEsfrom the heads of larvae or adults to
eserine sulfate are ggnificantly different between the R and S strainsin the absence or
presence of Triton X-100, indicating that 2. 1s and 8. 7s AChEs may be respongble for
cotton bollworm red stance to organophosphate and carbamate i nsecticides. Smissaert first
described a modified AChE with a decreased sengtivity to acaricide inhibition in the two-
ootted spider mite, Tetranychus urticae (Smissaert 1964) . Lee and Batham observed
the s milar phenomenon in the cattle tick , Boophilus microplus (L ee and Batham 1966) .
Schuntner and Roulston first observed that the time for 50 % inhibition by diazinon was
longer ina Luciliacuprina redstant strain(Schuntner and Roulston 1968) . Afterwards,
the modified AChEs were found in the resstant strainsof many insects. AChEisatype
of enzyme whose monomer and polymer al possessthe activity hydrolyzing acetylcholine.
In the dtered (modified) AChE, the kq usudly increases, reflecting a reduction of the
dfinity of AChE for the insecticides (Devonshire 1975). The k, may sometimes de-
crease, but the changing extent of kzis much lessthan that of kq. Thereisa good neger
tive correlation between the degree of redstance and the k;in many redstant insects with
an dtered AChE. However , this directly proportional correlation is not to be expected
when the dtered AChEs are associated with other mechanismsof red stance, for example
with dower penetration of theinsecticideor with a better degradation due to oxidases, es
terases or glutathione tranderases(Fournier and Mutero 1994 , Taylor et al. 1993). The
different AChE molecular forms possess the different sengtivity profiles to inhibitors.
There is a bigger difference of sengtivity to inhibitor between AChEsof R and S gtrains.
The difference of AChE monomer senstivity to inhibitor is bigger than the polymer be-
tween AChEsof R and S strains. It suggests that the interaction among monomers of
polymer can partly recover AChE s sendtivity to inhibitor.
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5.

AChE

, 100094)

AChE 2.1s 8.7sAChE
, Iso 186.3 84.8 Iso 10%° 10°
3sAChE 123
2.1s5.3s 8.7sAChE

2001
1 —2001 10 400
010 - 62565687
2 10 120 010 - 62889502
010 - 64214808
010 - 62338930
3 10 100 010 - 64194542
4 10 100 010 - 68597428
010 - 62815929
5 7-8 80 0733 - 8703570
6 10 50 0571 - 6971696
7 10 50 0571 - 6971696
8 4 50 010 - 62892974
9 8-9 100 010 - 64998540
10 8 010 - 62547484
11 5 16 010 - 62565687
12 2 7 400 010 - 63533193
13 1 3 - 40
5 31
14 3 3 22 010 - 64041872
4 5
4 12
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