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Development of Acaricidal Resistance and Esterase Isozyme of Tetranychus urticae
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These studies were conducted to examine the mechanism of acaricidal resistance in the
twospotted spider mite( Tetranychus urticae Koch). The resistant strains were obtained by suc-
cessive selection of five acaricides including carbophenothion and ethion of organophosphorus
compound, dicofol of organochlorine compound, cyhexatin of organotin compound and bi-
phenthrin of synthetic pyrethroid. Esterase isozymes were separated by polyacrlyamide gel
electrophoresis. The different esterase isozymes were detected between the resistant and the
susceptible strains. The differences of the esterase isozymes of the resistant strains were Est.
1, Est. 3 in the carbophenothion-selected strain, Est. 3 in the ethion-and the cyhexatin-selected
strains, Est. 1, Est. 3, Est. 7 in the dicofol-selected strain, Est. 3, Est. 7 in the biphenthrin-
selected strain as compared to the susceptible strain. With the difference of electrophoretic
bands and their activities, esterases were related to the resistant mechanism of tested ac-
aricides.

KEY WORDS Twospotted spider mite, acaricidal resistance, electrophoresis, esterase
isozyme
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pyrethroid# biphenthrin®. 2 Tl =efdt 2t AYAHAEH ZAFAAEE T84, esterase
isozyme2] &l =z}o] A (polyacrylamide gel electrophoresis) & ®li 3t Z i, carbopheno-
thion A YA Z & FadATAA vdetbA] @& Est. 1, Est. 30] A £ 5313, ethion?} cy-
hexatin A A A Eol A= z+7Z} Est. 30], dicofol A FAA EAA= Est. 1, Est. 3, Est. 79],
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DDT-aseSo] e Ho=z ¢ 4 ch(Brown
1960, Smith 1962, Oppenoorth 1965, 1985,
Plapp 1976). <2 a3 SAAYAY AT
A71d 5ol Bel HAEHEHGGIIE 1968, &
A 1981), &% & E3] isozyme? @0 HE
ot B Ii1(Wagner & Selander 1974)% H}
Aok, A 2 AEATE ditErtdA g
of AEFHAY A AEESD AE o7 A
A FAEHIE & 471A 3EE A FoA
HEHA JAES A3 FHEZHE HA
st AL /LA F, HAI|ETHEE 9
&3l ol EHAZHAZTH FFAHAEY
esterase isozymesE ZHE3I FuAAHEFA S
ool T ELAH WAA Sy HgF
V2R E B8&I2 FYst

e Uy

2 Al AHgE Huto[ gl A =&
€ 101 e e AFosE 1986@6 FF
Al BAE MAAS ALY T4 HASA
o, FHEAFZ}(85 X 85 cm) W] 4~57F 9] potol
A& HEE ALE3td Al 74dF(Phase
olus vulgaris) ol Al AL&3tHA Alge] Hagh
SHE SR,
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ol A3 AUl Role water barrier®
AR ete] Folo g ElAEY Y& Tt
oh, 249 AIS2EE 25+3CE FAAL
o, BREEGS JEE ol &3ty 16:8A%e
2 2HE3 Y.

FTA4E A f7]elA Q] carbophenothion}
ethion, #7194 A <]l dicofol, F71F4 A<l cy-
hexatin =222 ¥4 pyrethroiddl ¢l  bi-
phenthring- 5% |t} o|& Au|A < 33z
A%, d¥tg, 38y, REHE 2 A4EH
Table 10 EAIE uie} Zow, ARAES
2 ARt Ul EE e 9% AGHAE
2L FAE 5F AvAE vhAhuict 4
29 W7l 7 & u LC75~85ME H$ 9
ZYdo R AeAdAEA Mesdm, A4
of Fd g e F=E 9 71EAM =HE
AA ek A7 Bl 23 esterase iso-
zymes?] R ZHAIPAFTES T4
& FTA8tH Davis(1964)2] W& &%
polyacrylamide gel electrophoresis methodel] <]
sf 3 stgE . 0.1M Tris-HCl buffer(pH 7.5)
0.5 méoll Zduto]gof 10 mge Bl W 273}
4] glass homogenizer2 $83 ulgAzl %
microcentrifugeE o[ -&3t 4°ColA] 12,000 rpm
o2 1085 dAdEesty o HFdE &

oX mlo N o &

Table 1. Acaricides used in successive selection on susceptible strain of T. urticae

Chemical group Common name

Chemical name % a.i.

Trade name

S-4-chlorophenylthiomethyl O, O-

Organophosphate  Carbophenothion 25 Trithion
diethylphosphorodithiocate
0, 0, O] O%<tetraethyl-S, SZme-
Ethion 25
thylene bis(phosphoro dithicate)
Organochlorine Dicofol 2, 2, 2-trichloro-1, 1-bis(4-chloro-
35 Kelthane
phenyl)ethanol
Organotin Cyhexatin Tricyclohexylhydroxystannane 25 Plictran
2-methylbiphenyl-3-yl-methyl(Z)
Synthetic -(1RS, 3RS)-3-(2-chloro-3, 3, 3-
Biphenthrin 2 Talster
pyrethroid trifluoroprop-1-enyl)-2, 2-di-

methylcyclopropanecarboxylate
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Table 2. Development of resistance in T. urticae under successive selection of several acaricides

No. of gener-

Equation for

Acaricide Population ations selected E;c;tzl{( ;egres. LC50 in % a\.\ l. Resistant ratio
Selected 22 3.94 + 2.05X 3.28961 156.0
Carbophenothion
Susceptible - 6.71 + 1.02X 0.02109 1
Selected 24 5.86 + 1.75X 0.32419 64.1
Ethion R
Susceptible - 7.62 + 1.14X 0.00506 1
Selected 28 8.08 + 3.42X 0.12501 39.7
Dicofol
Susceptible — 10.43 + 2.17X 0.00315 1
Selected 24 7.53 + 1.72X 0.03407 25.2
Biphenthrin
Susceptible - 10.24 + 1.83X 0.00135 1
Selected 20 9.00 + 2.02X 0.01057 13.0
Cyhexatin
Susceptible - 20.44 + 5.00X 0.00082 1
51 o7)o] 20% sucroseE HUEo Ag=E o EEAEL 77 156w 641919 A FA4

AMS-3E STt

7% polyacrylamide gel2 3M Tris-HCl
buffer (pH 8.9)2 XA 3le] 125 x 140 X 1.5
m2] vertical slabZv]o] gel& FAAIRT. A
g9 o2 100 ufE FHon, electrode
buffers= 0.05 M Tris®t 0.4 M Glycine buffer
(pH8.3)E vlgo] o8 1:92 FH el 34
8teo] Ab&3tgth. 20 mAo A 1A, 40 mAd]
A 3A7 G HVGTFel BYE F
acetone 1 mfoll ¢l ag-naphthyl acetat 30 mg3}
fast blue RR sait 50 mg& /3 0.1 M Tris-
HCl buffer(pH 7.2) 100 mfo] gel& ¥ 37C
oA 208F¢ Fudtd =HAFAAFTEY
AFH 1 BA4E FFAAEH v HES
At

a8 % 0

SFUEHO] o8 HEd UE

5% AuiAE 4A7N FHEHGA MY
AL 35S Z2AIY A (Table 2), &8|A
9 g3 AFH FFo wz Aole AN
U Aoz & £59 AFAgdel FEHRU

th. Carbophenothion} ethion?] 224 th 9} 244

o] S2slgledl, carbophenothion® ethion &
QAR TE 347 HYSAE AT
AN 5o FE0E foE, A2 FAAT
kA M= oFFof ute} A LD wWFo A
o7} AL& & F AU Dicofold} biphe-
ntbrin® 284 th ¢} 244t Zejol A Zz 39.7
ujel  25.2wje]  A&ggol KLHO car
bophenothiono| W} ethion®] X 3AdeE FFo
vt Ags wA fTEA ®2F cy-
hexating 204t Zejo]a 13uje] A Ao
fFEEdEed, ol FAE 5% A¥AF AF
ge #Eo2 AYYel F7t8 Aolth

Esterase isozymes®} &2

A71d 5L A2 43 e HIPHATES
B2 #5448 vastd FREA 2o A
o] Yeltor APy AFTAE 7z
EAo #FFHA

Carbophenothion® ethion ] &34 A F el
Ae 2z 6709 5709 JBUs AEIAUE
d, ZFAAZAME 4719 FF5d7 &EAH
i th(Fig. 1).

aE57+9 o] o ZA carbophenothion A
g4 ASe 25 4AFAAM EHolA 42 Est
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—Origin
Est. —1
Est. -2

Est. ~-3

Est. —4
Est. -5

Est. -6

Est. =7

suscep- carboph- ethion

tible enothion
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dicotot

cyhexa-
tin

Fig. 1. Patterns of esterase isozymes of several acaricides-selected and susceptible populations of 1. urticae

separated by polyacrylamide gel electrophoresis method.

13} Est. 30] Yelw=d, 5 AFd9A TEFE
Est. 2, Est. 42} Est. 5, Est. 65 = #4445 E
t} & 712285 S Bt EthionAE A F

o] 7 9%= carbophenothionX &4 A T4 1}
Elt Est. 10] #A &5 gol TYAT HHA
o 2|3 T ElA Zo|HE esterore isozymes?
FAE A FUoy FEHAZTAM RBo|R
%2 Est. 30] Ao, 1299 dFdHel
ME Ao zole YA ZHA FAA A
o] ZstA JeEbstth. Maruyama F(1984)2
malathionx 84 %.7)(Culex pipiens) A E & 7t
A ZE dl&] Est. -R.7 Est. -R; F70¢9 9
Eg7 7Z+s g4& 2<¢ v, temephosH &
QA EAAE Est. -Ry7t Z3 84& Jehi

Est. -R3¢} Est. -R| & 8|13 22 48 HY
ool Baste) SUAT FA et AFAA
FAME 2 FEIH2 2 €22 € F A
ok, 2 fK7IAA A A g %°H$r
o] HyPgALHE e ACKE7ZF FH 9oz B
T (Smissaert 1964, Zahavi & Tahori 1970,
Kuwahara 1982) % ®} Sle=ul B Alge AR
2 ulfo] Hol Hulo]golo] {7|UA 4ulA
AP A L@ ol AChES esterase7} EF 3o

2 Zests ez AgzEl. Dicofol A4
AZoHe BESF 7THe d5urt &Qlse] o
g ZHiAF4AZT Bzt Y we 9
G5zt HEEAe, °lF Est. 72 o AT
o] EHoldrt. olgt 2L HeYAHE He
HAET viws] 28 Est. 1, BEst. 39} Est. 7&
EHAZAPATAMT Jetgton, Est. 4%
Est. 504 &= ZAHAASED 4 AA A&
HojA, of kAol HYPAUA esterase’} FH
Aste AoE A4AH.

Kono %(1981)3 Cranhami} Helle(1985)=
dicofol A4 FHAFTLE o] FAE FEHE
A B2 M33E breakdown enzymed] &A4lo] 7
FAAT RS Fattn Rug v e, &
Al Ao FHERle] B ol g<Qle] dicofol
AR W FoYRle HeERAe AR
A @d® 4 gloh

e | F 9 kAo e HFyALE-E T

a4 slE a8z ZFEFY 244 E 8 F
?l o27R] 8<le] EFHo R Lo
5 ZHolgl:E B (Lee 1967, Cranham &
Helle 1985)7F Qlo] ojeid A& Tosle %
T AUS APATI o] FAH HEF o} &
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Zolth. Cyhexatin SEHAFAAEANAME B
57191 dEdi7zt ¥EHUL, 1F Est. 3&
BAYGAATAMT FAHAoH, 199
FUE TFgASAA Aol ol 1 2ojH
£ e X

ol # 3t 43+ Carbonaro %(1986) 2] cyhexa-
tinAgAA &R g AAF U= ATPase9
e o7t YAk E Biude Agrt e
ot Aed vlel 2ol AF FAAFA
Fols 7R ol4te]l acle] #ALE A
AZE W, Fog Bt A Yge R
Alg A7t 8%t Biphenthrin Sef A &
AAZANME HBFEAAZENA RHo|x gL
Est. 37 Est. 7¢] H&5% 3, Est. 28 H|£3
298] AFHAMNE EHALGAAAZTAAN B4
o] ol o] Ao MA@ esterase?}
Hojste o2 AYZE e, Eldefrawi(1985)
= W Apyrethroidad] 4L &)= esterase
7b ¥ 8oz A{Httn B v Qo
3k Scott 5(1983) % 3 Al A]2-ofl (Amblyseius
fallasis)2) permethrinA &4 Leteo] T A
I B Isg o

ojAel AHE FE £ W, FAIE 5F 4
vl Al g dupo]Zefo] AFAH L=
BHAZHA T e 2 XY Hole Aoy
esterase?} & - 7+ HFH o7 #AAJNTT BA|T,
FAJNoEZANY FEAREE £ AFEY AR
Al @AY e, ¥oE 71EY Ay A
iAo} et BaE AP E 7122 )
of Bt dhztEeln A AlgATIt A&
FEojof & Zolth

w3k AU HEHo 93l esterase isozymes?)
é%% So2 AHYAHAT AEL EE o}
7b AEek e HE"E £ US AHolH, of

=
=
=
%
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ﬂzzgow kol gohel HAYH H5cIvE
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