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Variation in Insecticide Susceptibilities of the Beet Armyworm,
Spodoptera exigua (Hiibner): Esterase and Acetylcholinesterase Activities

ABSTRACT
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There was a great variation in insecticide susceptibilities among field and laboratory populations of the beet ar-
myworm, Spodoptera exigua (Hiibner). Unselected laboratory population, which had been reared for 6~7 gen-
erations in our laboratory without exposure to insecticides, was more susceptible than its parental field po-
pulation in all tested insecticides. Two selected laboratory populations with parathion or deltamethrin showed
much higher insecticide tolerance than did the unselected laboratory population in their own selection in-
secticide. The wvariation of the insecticide susceptibilities was highly correlated with esterase and a-
cetylcholinesterase activities. Field and the selected laboratory populations had lower acetylcholinesterase ac-
tivities and higher esterase activities than did the unselected laboratory population. Acetylcholinesterase of the
field and the selected laboratory populations had higher Km values than did that of the unselected. In a po-
pulation, Km values were varied among different developmental stages; acetylcholinesterase of the fifth instar
larvae had the highest Km value among those of the other larval stages. Twenty one esterase bands were
separated on 6.5% nondenaturing polyacrylamide gel from the whole body extracts of the fifth instar larvae. E2,
E7, E8, E11, E16, and E17 esterase bands were developed more frequently in the insecticides-selected po-
pulations than in the unselected population. These results suggest that the variation of insecticide sus-
ceptibilities of the beet armyworm includes both biochemical mechanisms: target site insensitivity and enhanc-
ed activity of detoxification enzyme.
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B9 FUWRE A et FRERFAAE HY
7kl BER|g o] F Baksie] slafgict. oRztell Al ol
BrhA of 1995). sk sho] s ol xRt 7]
FH7L BELlEle] A, 3, Mg, SR8, 2T
9] A2l Be AEE rllche JAA dlFer FAH
a7} g F3E #1355 shteltha & 1991).

A spivle] 15 Z7h 991 A AR
9] Z7He)9} ok 1991, AT 3 1994, A3 7 1996),
w4&fEe oA e dAsHEH: 1987), FAIA
et (Meinke & Ware 1978, Chaufaux & Ferron 1986,
Brewer et al. 1990), f32] ZH 33 29 vl 7}
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o3ttt Brewer & Trumble(1989)2 72 x| oA
Al71A o2 gihdule] methomylel]l Wt ZHeA A e
o) z}o] & H 33t t}. Chaufaux & Ferron(1986)2 3}
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er saline, pH 6.5, 0.5% Triton X-100) £ 1 ml2 #
A3t o] F 557 15,000 pmelA EalE 45
< thA] PBS-TXZ 100 A3t Zhiid 2 &
4o o] &=t & YA Bradford(1972) W
o wet HYs¥). TEEH o2 bovine serum al-
buming- o] &3t}
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Esterase(EST) A &3

ESTE&4J-& Townson(1972)2] ¥hH S sjghjulel W
FE g o] &t 10 plo] 104 Mg F4H 8
o] 2 ule] 50 mM p-nitrophenyl acetate(80% methanol)
2 985 pul PBS-TXE E§5l £988 25°CollA] 1087
WHEAIZL F 400 nmoll A 10% A2 FFo] |
3}= double beam spectrophotometer(Uvicon 960, Kon-
tron Instrument)Z 2AYPcr} FEEACZ 10~120
mM2] p-nitrophenol-& o] 8-t}

Acetylcholinesterase(AChE) gA&H
AChEZ3 & Ferari et al.(1993)¢] #H-& slhwt
o Wasld HeE WEE ol g 2 Fuhy
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o] dula ZZZ(PBS-TXZ 108 3]4}) 500 piet
AChHE inhibitor24] 1,5-bis(4-allyl dimethyl ammonium
phenyl) pentan-3-one dibromide 50 pl& 1 ml spec-
trophotometer tubeol| ¥t} o] 500 ple] AChES]
7] -8-<4(100 mM acetylthiocholine iodide(1.2 ml)), 12
mM 5,5-dithio bis(nitrobenzoic acid)(2.4 ml), Z7F4(56.
4 m)}E HATt. o] F 405 nmolA] 108 HH o2 FF
=& ZFsl9gct. 249" FSEE  thionitrobenzoic
acid®] AEAIF(14150 M'em )& ©]-£3}] AChES]
3 Aibsher o] &5t AChES] Michaelis-
Menten constant(Km) value 2732 AChE9] &3=3
Hil FUsh} AChEQ] 7]E<Ql  acetylthiocholine
iodide & WI7}1X] & =¥ (0.5 mM, 1 mM, 2 mM, 4
mM)Z o] FiAEHL ZFsch KmAFPL
Lineweaver-Burk J & 845 o] &3lo] Ait=ic).

% 3 A Vol. 36, No. 2
tem®] 6.5% nondenaturing polyacrylamide gel(Davis 1964)
ol X] Hoffer vertical slab gel-& AM&3l]T}. 2t A &2k 0.7
g DU ATR)e= loading buffer(0.125 mM Tds, pH 8.3,
50% sucrose, 0.01% bromophenol blue, 0.004% basic fuch-
sin, 0.154% dithiothreitol, 0.0372% EDTA) electrode buffer)
2 FHHAT A71952 300 V 43 HgolA track-
ing dye7} vl=t7hz] =2 wj7hx] o] F9 At EST G4
& 100 ml ¥4)-88(02 M phosphate buffer(pH 6.5), 2%
o-naphthyl acetate, 0.04 g fast blue BB saltll ] 25°C 30%
& o) FAAT. FAF Ae LW (7% acetic acid,
5% methanol)ell 4] B2e Wj742] BT

2 I

E et AEA 24Eo)

Al 7FA] kAl (parathion, deltamethrin, bifenthrin)ol] th
3 ghhuekel ZheA) AT s AlYE BE Ao @
3t} Deltamethrin© 2 24c) Awtgl 22 A)9)3k3

Esterase2| M7|Q S8
A 71%9%-& Tris-glycine buffer(0.05 M Tris, pH 8.3) sys-

Table 1. Toxicities of parathion, deltamethrin, and bifenthrin to the laboratory selected strains of the fifth instar
larvae of S. exigua

populations’ Insecticides N LDs, (ug) 95% FL Slope RR’
Unselected Parathion 180 6.25 2.53-20.22 0.55+0.12 1.00
Deltamethrin 180 0.31 0.10-0.64 0.85+0.15 1.00
Bifenthrin 90 0.58 0.11-1.51 0.80+0.19 1.00
Deltamethrin
Genl Parathion 144 23.07 15.4-41.02 1.91+0.41 3.47
Deltamethrin 146 6.89 2.46-45.15 0.56+0.13 22.23
Bifenthrin 144 2.82 1.22- 8.82 0.70£0.14 4.86
Gen 2 Parathion 144 8.81 3.52-30.37 0.704+0.15 141
Deltamethrin 146 12.87 3.25-83.30 0.46+0.14 41.52
Parathion
Gen 1 Parathion 126 86.45 no estimate 0.61+0.19 13.83
Deltamethrin 126 0.69 0.14- 3.67 043+0.12 223
Bifenthrin 126 0.12 0.05- 0.24 1.0110.16 0.21
Gen 2 Parathion 144 7.45 3.31-12.05 1.53+0.43 1.19
Deltamethrin 144 0.28 0.01- 1.30 0.36+0.13 0.90
Bifenthrin 144 0.64 0.21- 1.34 0.82+0.15 1.10
Field
1994 Sep Parathion 150 3544 no estimate 0.54+0.18 5.67
Deltamethrin 150 3.78 1.40-24.57 0.56+0.12 12.19

""Unselected means a susceptible population which have been reared in laboratory for 6-7 generations without exposure to
insecticides. Deltamethrin Genl and Gen2 means the first and the second generations selected respectively from the sus-
ceptible population with 0.1 ug of deltamethrin. ‘Parathion Genl and Gen2 means the first and the second generations
selected respectively from the susceptible population with 1 ug of parathion. Field 1994 Sep’ means the field population
captured from the hot pepper farm in Andong in September 1994.

"RR’ respresents a relative ratio of LD50 value of a population to that of the unselected population.
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A o 2 whex|AlekEkd Hiwmsle] £ o) parathion,
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o 73 A2EE BAFrh(Table 1). 7} <kallof] Awkd
F 2 parathion 24l & A 9)8}3. Mlh7} Qe tol] w}
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bifenthrinol] th3t oA Z4 = A RolAHL) of A
TollA okAl 7+ AdlEEE B deltamethrin, bi-
fenthrin, parathion®] $©.2 #gir}. Wb parathionol] tf
3 e Jee 444 A9 ¥ m@ W parathione]
el oFA| A A3HE Holu deltamethrin®} bi-
fenthrinol} th3ld M= 2ChA] 2 o2kA| P2 v|R|A] &
i 23y AL AiMdier Aol 4z bi-
fenthrin®} deltamethrinol] thal) ZrAl =719 A8kS B
Act. ok nFF A A& gyh s v sl 8
o AW T AMSEE @FsH gA Aol Ay
@A g Aoiet ol okAlel oiE] Mgl %3] of
57 v =7 oA APeE S AH S B

TEH S48 BO|
AChE®] &3 2 7ZFAF S(unselected )ol] H]3) <

Table 2. Acetylcholinesterase (AChE) and esterase
(EST) activities among different populations of the
fifth instar larvae of S. exigua

AChE activities EST activities
populations'’ N (nmol - min” - pg” (nmol - min” - fig”

protein) protein)

Unselected 20 0.645+0.251 45.65+16.37
Deltamethrin

Genl 30 0.623+0.261 63.041+22.04

Gen2 30 0.307+0.193 148.82+123.42
Parathion

Genl 30 0.2831+0.206 146.49+50.76

Gen2 30 0.3394+0.240 93.02+38.78
Field

1994 Sep 58 0.312+0.215 54.69+22.22

"Unselected means a susceptible population which have
been reared in laboratory for 6-7 generations without ex-
posure to insecticides. ‘Deltamethrin Genl and Gen2'
means the first and the second generations selected
respectively from the susceptible population with 0.1 pg
of deltamethrin. Parathion Genl and Gen2 means the
first and the second generations selected respectively
from the susceptible population with 1 pg of parathion.
‘Field 1994 Sep’ means the field population captured
from the hot pepper farm in Andong in September 1994.
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Fig. 1. Michaelis-Menten constants (Km) of acetylcho-
linesterase among different larval instars of S. exigua.

AQALHSGET o FollA] Wokort ESTY ¥y e
Eold th(Table 2). Deltamethrin A The Aoy
7} 2183 5tol] ulel AChES] &8 dH3] 74g wa
ESTe| €& & W] FolHt}. ¥HH Parathion 423w
& A M & 24Tl Hl8) AChES] g3e
wz] 248k ESTe] 3%k we] o ou #j24
HellXe 238l A 1Mol H]s] AChES] #3e &
7¥eli ESTe] €32 wolirh. ofej%e] AChES}
ESTE & 7} oA 2 Tejd A1 T 24 g
£ A4897 FARHE Bo gl

AChES] WH3lol| el &4 2pde] FANEE 37
3}7] Y&l Michaelis-Menten’}<2] Kmztkg 7t Ztho]
A ZaAch ARGl 39 97182 Kmgk
o] ek ®IgE & & Uth(Fig. 1). 583 2583

500

Michaelis-Menten constant (uM)

unselected Del 1 Del 2 Par t Par 2

Populations

Fig. 2. Michaelis-Menten constants (Km) of acetylcho-
linesterase among different populations of the fifth instar
larval S. exigua, where ‘Del 1', ‘Del 2', ‘Par 1, and ‘Par
2 represent deltamethrin or parathion-selected gen-
erations 1 and 2.
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&

ol A7) Kmgkel atehe Belvh. g2 53 oA
oAl Aol e it Hine oA Ay F=st
ool met Kmite] 37188 BAch(Fig. 2).

EST2] Wistol] el A2 ApAlo] HAWSE Yot
7] 938 719 E5S 53 ESTS| banding patterns-& 1]
watglv}. spghpe A 21789 EST WHESt 6.5%
gelol A E2|5 o) tH(Table 3). TAIF AN ZFE A
& FEADN LA S HYAZAR o] EST ==
M2 Al fAleht EST# 1-5% YT 2 B¥ 3}
= esterase©| 3 EST# 7-10, 12-13, 20-21 -& Z A o)
F2 TH3E oz SA =AM AR 223 optel W
ol& Hof o}

Al #rd F=rt o 67he] kel EST W=
Fd= vlwsidlnh E17€ Al9jstan 2 & Hee I
e FAASUAl ZAolE dERlE W0l EAUn

= & 3 x Vol. 36, No. 2

g

(Table 3). bA S oMt Yo e WEE El62
Ei170]05 2 €9l E2, E7, E8, E11.& Z44 T
A BT obA A Fdeld B Be REg Hole
W =o]glct.

LI

ron 1986, Brewer & Trumble 1989, Brewer et al. 1990,
Van Laecke & Degheele 1991). 1994d <HgA] 43H
nEelA 4 st o of)F o 2 RE] A
AA 6~THth et Foi ARSE AU parathion,
deltamethrin, bifenthring= 0 2 k4] ZF=AA 7} =9
THTable 1). & {71UA TR Sgx2o| =

Table 3. Esterase (EST) banding frequencies of different populations of the fifth instar larvae of S. exigua which
showed different tolerance to insecticides. ESTs of a whole body extract were separated on 6.5% nondenaturing

PAGE
EST! Ro? Populations® S P
S1 (n=43) S2 (n=15) D1 (n=28) D2 (n=15) P1 (n=14) P2 (n=10)

El 0.01 0.512 0.867 0.607 0.000 0.000 0.300 38.73 <0.001
E2 0.03 0.256 0.000 0.214 0.083 0.600 0.256 19.38 0.002
E3 0.05 0.279 0.133 0.500 0.267 0.000 0.100 15.80 0.007
E4 0.08 0.814 0.733 1.000 0.600 0.500 0.500 20.59 0.001
E5 0.09 0.140 0.000 0.286 0.083 0.000 0.000 12.63 0.027
E6 0.13 1.000 0.867 1.000 1.000 0.857 0.900 11.78 0.038
E7 0.15 0.163 0.000 0.214 0.133 0.500 0.000 16.00 0.007
E8 0.17 0.395 0.133 0.536 0.267 0.714 0.900 21.53 0.001
E9 0.18 0.861 1.000 0.929 0.533 0.643 0.235 54.89 <0.001
E10 0.19 1.000 1.000 1.000 1.000 0.857 1.000 16.12 <0.001
Ell 0.20 0.372 0.133 0.893 0.200 0.786 0.700 39.69 <0.001
E12 0.23 0.698 0.933 0.900 1.000 0.786 1.000 13.49 0.019
E13 0.25 0.116 1.000 0.286 0.933 0.643 0.600 57.76 <0.001
El4 0.27 0.000 0.800 1.000 0.800 0.000 0.000 105.24 <0.001
E15 031 0.000 0.467 0.321 0.000 0.214 0.700 38.21 <0.001
El6 0.33 0.000 0.000 0.000 0.000 0.500 0.000 58.79 <0.001
E17 0.35 0.000 0.000 0.000 0.067 0.000 0.000 7.39 0.193
E18 0.38 0.000 0.333 0.000 0.083 0.000 0.100 26.78 <0.001
E19 0.41 0.000 1.000 0.000 1.000 0.000 0.900 120.81 <0.001
E20 0.51 - - - - - - - -

E21 0.63 - - - - - - - -

'Each EST was numbered from cathod to anode. Frequencies of E20 and E21 were not recorded.

“Rm’ represents relative mobility of a band to the total migrating distance of tracking dye.

*S1 and S2' represent the first and the second generations of the susceptible population which have been reared in la-
boratory for 6-7 generations without exposure to insecticides. ‘D1 and D2 represent the first and the second generations
selected respectively from the susceptible population with 0.1 pg of deltamethrin. 'P1 and P2’ represent the first and the
second generations selected respectively from the susceptible population with 1 pg of parathion.
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A FhE 22 gy 220 =A1EQ] bifenthrin
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oA APeH S Ho] AEEHe] 4B AHE Vg
Wt o] 53] M 24l o)A AFAALYFo] ol o]
AN el F vize] 7t AE ] ALE
71tk A

25A) 24713 B o frIAlFt 5
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2 # tH(Georghiou & Saito 1983; Roush & Tabashnik,
1990). ol <A A A3t FAdolA RE& AChEE
2 (Table 2)7 %2 Kmk(Fig. DollM {71914l w2k
AgA 7139 shuel o] 283 ¥ g(Roush & Ta-
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ette AL 9uig). dutdoez ghure oy
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o BaEAoHEH: 1987). Brewer et al.(1990)2
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2L FY ARl EAE Hrie methomyld} 22 Ffut
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