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Cross resistance of methamidophos resistant strain of brown planthopper and the

biochemical mechanism responsible
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Insects> Nanjing Agricultural University> Nanjing 210095, China’

Abstract: The R strain selected for methamidophos resistance displayed 43.74-fold resistance to methamidophos and also
had cross resistance to malathion» diazinon. isoprocarb. fenobucarb and ethofenprox. but no cross resistance to fenvaler-
ate and imidacloprid. To find out the biochemical mechanism of resistance to methamidophes and cross resistance to other
insecticides. we performed synergistic bivassay and hiochemical assay. In R strain, the synergistic bicassay showed that
TPP (iriphenyl phosphate) significantly synergized methamidophos (SR: 4.527 and moderately synergized malathion
(SR: 2.767, diazinon {SR: 2.07), fenchucarh (SR: 2.17) and isoprocarb (SR: 1.64). PBO (piperonyl butoxide)
partially synergized methamidophos (SR: 2.247, malathion (SR: 1.86) and ethofenprox (SR: 1.73). Biochemical as-
say showed that esterase activity in the R-strain was 7.93 times that in S-strains in which the changed activity for MFO
was 1.98 and for GST only 1.44. TPP could significantly inhibit esterase activity (PI: 69.04% ) in the R strain, with
MF(O s PI 29.30% by PBO. The results indicated that esterase played importtant role in the biochemical mechanism of
methamidophos resistance and> to a lesser extent> cross resistance to malathion, diazinon, fenobucarb and isoprocarb.
MFO might play some role in resistance to methamidophes and cross resistance to malathion and ethofenprox.
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2.1 MERBENERFARTORZERMYE

MFEIATLDEY, XTEEBER 43.74 5N
BWEAMRE (R N DR EsE. Wik, 5 HEL.
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Uik, HEPHACE; SEEEEAPLUERED T
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Table 1 Toxicity of some insecticides to 3 strains of N. lugens

Z) BERR
Insecticides (sl
i LDy (ppffemale) 0.005337 + 0. 000285
methamid ophos BB 4.1372
ML EH RR 1.00
TR LDg (pp/female) 0.010974 + 0.003115
malathion BB 3.2566
P EH RR 1.00
—EER Ll Cpeg/female) 0.005027 + 0. 000261
diazinon b 1B 4.1970
S RR 1.00
ST LDsy (pg/fernale ) 0.001976 + 0. 000082
isoprocarb 5B 3.9543
ML EH rR 1.00
T E LDsy (pg/fernale ) 0.002447 + 0.000102
fenobucarh 5 {E 2.9813
ML EH RR 1.00
AT LD (pg/female) 0.001006 + 0. 000038
ethafenprox 5 1E 4.7141
MRS RR 1.00
SRS LD (pg/female) 0.006012 + 0. 000235
fenvalerate BB 2.9461
S RR 1.00
0 ek LDy (pg/female) 0.000094 + 0. 000004
imidacloprid b {E 3.1602
S RR 1.00

ALY A & R R R AL
(P (RJ Resistance change
0.022457 + 0. 000974 0.233440 + 0.010038 39.53
3.4607 1.9953
4.21 43.74
0.120742 + 0.007613 0.234844 + 0.012518 10,40
2.7441 2.3981
11.00 21.40
0.061215 + 0.002043 0.099886 + 0.004670 7.69
3.5316 3.0458
12.18 19.87
0.012538 + 0.000760 0.026222 + 0.001051 7.62
3.1377 2.8512
6.98 14.60
0.018547 + 0.000864 0.045049 + 0.002017 10.83
2.8472 2.1755
7.58 18.41
0.004729 + 0. 000194 0.009487 + 0.000346 4.73
3.9457 3.1863
4.70 9.43
0.034509 + 0.001036 0.047675 + 0.001573 2.19
2.4558 2.2162
5.74 7.03
0.000324 + 0.000016 0.000393 + 0.000013 0.73
2.5847 2.3966
3.45 4.18

¥ Note: TUMEAE{LTE B BT 720 @ R AT ME (5 30 5 1 % 89 A (8] @ JR BT ME (5 8 A Z21E Resistance change = RR of R swrain — RR of F strain. S

susceptible strain; F: field strain: R: resistant strain. The same for the following tables
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2.2 ERERER

MFE2FTLLEH, fERMET, TPp X EiEH:
HOE AR, BAthiER 4.5 1%, PRORA
—EREAER (2.24 f5), 1f DEM XA 53 FE
MAER (1.53 5): TPP M BArEnEE. T WEEE. fb

T RAEATRILH —2 M REE, Mty
AR 2,76+ 2.07. 2.17 F 1.64; PBO % & Hr B B
FIBAZGEE A A — S R RIE R, Bt 280
1.86 F11.73; DEM [ H 84, 3 2 el 257 JL 7
AR

F2 BB LT B HEA
Table 2 Synergistic effect of the synergist to some insecticides

257 Insecticides

+ TPP

+ PBO

+ DEM

B R LDsg 0.233440 £ 0.010038 0.051646 £ 0001753 0.104214 +0.003211 0.152575 + 0.003934
methamidophos bE 1.0053 1.6574 1.8152 1.0087
W SR 1.00 4.52 2.24 1.53
T LDy, 0099886 + 0004670 0.048254 + 0001560 0.082550 + 0.003613 0.079275 + 0.002481
diazinen b 1{E 3.0458 2.6146 2.8553 3.1271
W SR 1.00 2.07 1.21 1.26
O ik LD 0.234844 + 0012513 0.085088 + 0003508 0.126260 + 0.002935 0.189390 + 0.008511
malathion b 2.3981 1.9653 2.1376 2.2682
WL sk 1.00 2.76 1.86 1.24
RHE LDsg 0.026222 + 0001051 0.015989 + 0000443 0.019865 +0.000716 0.021852 + 0.000667
isoprocarb b{E 2.8512 2.4416 2.1972 2.5308
W SR 1.00 1.64 1.32 1.20
T B LD, 0.045049 £ 0002017 0.024701 + 0000942 0.031284 +0.001165 0.038503 + 0.000818
fenobucarb b4 2.1755 2.3416 1.9503 2.2600
W SR 1.00 2.17 1.44 1.17
k3 g 1Dy 0.009487 + 0000346 0.007529 + 0000117 0.005484 + 0.000093 0.008322 + 0.000080
ethofenprox b4 3.1863 2.7532 2.5617 2.8083
Wtk sp 1.00 1.26 1.73 1.14
nf ek LDsg 0.000393 + 0.000013 0.000354 + 0000016 0.000287 + 0.000009 0.000374 + 0.000021
imidacloprid B {E 2.3966 2.1374 2.5028 1.9765
W SR 1.00 1.11 1.37 1.05
2.3 HaHT

2.3.1 BEBAVEOWIE: MR 3 PICAEH, Wk
i I 5 AR N MEEAE S R 280 7.93 fi, TPP
X R EBRBEIRIEIL D 60.4%, WL s mETD
EEAAT 11.56%, F & EFE A& ZEH R
31.73%. ZHESEETES AN B BB DL &
M EHAAZ BT EIREZENER.
2.3.2 ZIEEMEEANE: T4 RAAFRL
FHMFOENFEEEER, JFAER SBET PBO

%f IR EALEE (DI R L B 29.30%, T S M &
Mr RAEBMEESBEE 4.70% 7 7.56%, i
A hee B AGBRE F G B 0 P P AR B — E BU1E
H.

2.3.3 HUHI S HBE (csTe) EMHEMNZ: M
F#5%E, 1630 & PRIEERS DK DEM F190
FEMET RENER, K ST T/ AN E
FEwe Pl B T  EERER.
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Table 3 Esterase activities in 3 strains and inhibition by TPP
BR ER TrP MIBEESIE T A {8 Trp BIEEESIE 71 fisE (%)
Strains Esterase activity without TPP The change of activity Esterase activity with TPP Pl
BERRS 1.228+0.27 a 1.00 1.086+0.44 a 11.56
HE&RF 2.332+0.41 b 1.90 1.592+0.52 ab 31.73
LM E R 0.734 £1.06 ¢ 7.93 3.014 +0.86 b 69.04

B i AL Unit: pmol o-NA hydrolyzed/min/mg protein (pmel/min/mg); RPHEENFRFAEZEREELRSF, FRFEER0.05KF LFEE
5 The different letters in the above and following tables indicate significant differences at the 0.05 level

®4 SUIRESLE (MFO) &R PBO BADHEIER

Table 4 MFO activities in 3 strains and inhibition by PBO

E FAEA prO WIESE R AL 1 A ppo 19B5EH MEE (%)
Strains Activity without PBO The change of activity Activity with TPP Pl
BERRS 1.88+0.37 a 1.00 1.79+£0.55 a 4.79
HERRF 2.25+0.54 ab 1.20 2.08+0.74 a 7.56
FLRERER 3.7220.85 b 1.98 2.63+1.02a 29.30
H5 ¥ 1B Unit: pmel methosyresorufin O-deethylased /min/mg protein (pmel/min/mg)
F5 BRER-S-HEN (GSTs) FEMHE DEM HHDHIIER
Table 5 GSTs activities in 3 strains and inhibition by DEM
BER AEA DEM FIBSFE WAL 1 A DEM RIBS S 75 WEE (%)
Strains Agctivity without PBO The change of activity Agctivity with TPP Pl
HERRRS 109.35£2.04 a 1.00 106.32+3.06 a 2.77
HERRT 121.73+£7.28 b 1.11 114.24 £ 9.44 b 6.15
FLRERER 157.44 +10.57 ¢ 1.44 139,77+ 14.32 ¢ 11.22

S ¥ 1 ELAE Unit: ol CDNB conjugated/min/mg protein Cgamol/min/mg)
3 Wig

xR 43,74 AR A0 LA AR, R
EESAARIY —ERNAEE, BES AR
BE. TEERE. REEL. (0T EILL R R NEE. BTR
TEZTE A AN, 2o TARHBEMAN R
S AR EL RN, RAZBURR A 2R R A B
PEA BEAER . #FX B A [RI AR A R 2R A
R RN B B A R AU R, e
ZRIRRE M SR AF ARG RE . FUL5 5 R
PR, SWEBZ BRA 2R, Fh
AHUBE AR B A — IR B A A7 — 2
B5: B, RradEgst, sUMETREIRR
A, RAHRAERO R AER ZARE S CE. R BE
B FI S A B AT R A AZ I, T B EIR &
R B AR, 0 ERATE RE RIS
B, AR BN 5 H A VLB AR R RS

BFTRAEE A EERM. AR, Zernhiamnkg
FRGETENS FH, EE RS, s
W L C R B F H i I R E ESE,
19990, AZZTE CEBE TS EFAHRY T
MEEIE R,

TPP £ R & 2 5% F R il A0 1 S 80k 4.52
&5, BEESTE R S ETDHIE AR s BEREK 7.93 15,
TPP % R M BN EREE IR E R E ST s &AM
Fih%, WHEEESE R W EETMNEERE. 5
b, MFOEIWERNE R M s RATHRAHE ER,
PRO X HHZ B A — 2 B SUE T, 18 MFO 1R
15 T B R P A m KU R R R A4 AT
F#W, DEMTER BT BARE, HH CSTs
%of B L A E A A .

MAEEALE 255 S Rl . —WERE. R AR
TEMESER RS, EAHREAEANE
TPP, ViBA R R RBIEEGRRTE 7 B A A i LA 2
FABREMEERRE. 2R, PBO WAL HH
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