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M etabolic ResistanceM echanisns n a Phoxim-resistant Strain
of Helicoverpa armigera

ZHENG Yangping"2, YANG Yi-hua, WU Yi-dong "
(1 Deparment of Entomology, College of Plant Protection & Key L aboratory of M onitoring and M anagement of
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2 Nanjing Institute of Envirormental Sciences, M inistry of Envirormental Protection, N anjing 210042, China)

Abstracts Phoxim resistance in a resistant Phoxim-R strain of Helicoverpa amigera w as introgressed
into a susceptible BK77 strain through repeated backcrossing and selection with phoxim. The
introgressed strain (BK77-R) and the BK77 strain were a pair of near-isogenic strains The BK77-R
strain not only developed 155-fold resistance to phoxim campared with the B K77, but it also obtained
high level cross resistance to deltam ethrin ( resistance factor, RF 248-fold) , middle level cross resistance
to methamy!| (RF 31-fold) and endosulfan (RF 11-fold), and low level cross resistance to profenofos
(RF 4-fold). S, S, S-tributylphosphorotrithioate (D EF, esterase inhibitor) had significant synergisn to
phoxim (synergisn ratio, SR 7-fold) , methamyl (SR 2-fold) and endosulfan (SR 1 9-fold). Piper-
onyl butoxide (PBO, oxidase inhibitor) had synergistic effect against deltamethrin (SR 21-fold),
methomyl (SR 2 2-fold) and phoxim (SR 1 7-fold). The oxidase and esterase activity of the BK77-R
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strain w as significantly higher than that of the susceptible B K77 strain, and the glutathione S-transferase
activity w as not significantly altered The results dem onstrated that esterase-m ediated m etabolism plays
an mportant role in phoxim resistance in the BK77-R strain, and enhanced detoxification mediated by
both esterases and oxidases is an mportant factor conferring broad cross-resistance to different classes
of insecticides

Key words Helicoverpa amigera, phoxim; metabolic resistance esterase mixed function oxidase

H elicoverpa amigera (H Ubner)

Bt ( Bt ) , ,
, Bt ,
’ 1
(1]
11
' 63 (BK77)
! (CIRAD) , 1977
, (DEF) , , ,
) Phoxim -R
12] ,
, Phoxim-R BK77
2 BK77 , Phoxim R 81
129 , e
226 253 12
, (phoxim) (80 5%,
: F1 ); (profenophos) (81%,
LD -P , ); ( deltam ethrin) (98%,
Phoxim -R Rotham sted Research ); (methamyl)
Tang (909, ); (‘endosulfan)
(95%, ); ( piperonyl
(M FO) S_’ (GST) butoxide, PBO) (92%, Koch+ ight
_ ); (S, S, S-tributylphosphorotrithi-
' oate, D EF) (98%, ChemService )
10 ,
(pNA) (
' . . ), 7- (ECOD) 7~
(Near isogenic resistant (M COD) (Signa ), Il (NAD PH)
strain) ’ (Roche ),d - o NA) (
) ), RR (
: ), 1- 2, 4- (CDNB), 1,2-  -4-
" (DCNB) ( Fluka ),
; (GSH) ( ) (EDTA),
(Repeated backcrossing) (Dithiothreitol, DTT),
[5 11]

(Phenylthiourea, PTU ), (P SF)



412 Vol 10
14
13 ’ [1]
Phoxim R BK77 15
, F1 1 2u g/ 3 (9 11 mg),
( >BK77 LD, O 35U g/ ) F, 5004 L / 0 02mol/L pH 7. 5
3 , , , 10 000 r/min 4
BK77 : 2000 L (
(BC,), 0 84 g/ : 10 mmol/L O - 1 mmol/L RR
BC, BK77 ),50ML 0 02mol/L pH 7. 5 ,
20U L )
(BC.). ’ 450 i 30
4 | BG BC.F, mo S '
20 27
12ug/ ( 70% RS , [13]
) BC,F ; 16
BC,F,, 2 4 /
Sk Har 6 2 (300 mg +50 mg)
95% RS ) BC,F, i BCyFs
BCsFs ' ; 0 1mol/L pH 7. 6 5
2 4y g/ BC,Fs , 3 1 2004 L
BK77R (1) BK77 BK77" g {moli pH 7.6 (1 mmoliL
R EDTA 1mmol/L DTT 1mmol/L PTU 1mmol/L
. _ MSF 20% ) , 12 000 r/min
Phoxim-R strain & x BK77 strain & : i
(RR/RS) (SS) 4 40 min, 20 min,
(M FO) S-
F AR (RS+SS) - Al 1.2 pg/ SkAbF
i Seffeﬁ);ﬁwith %%/oém at 1.2 pg/Larva (GST)
RS & XSS ¢
BC(RS+SS) B 0.8 ng/ 3k kb -
RS55) afg?oﬁwith%%l/oﬁrﬁtfo.s pg/Larva 1610 ( PNA ) 96
RS & XSS ¢ , 100 L 2 mmol p-
BCy(RS+SS) A BB 0.8 pg/sk AL BE NA (
Selection with phoxim at 0.8 pg/Larva !
| RS 3 XS5 9 0 1mol/L pH 7 8 ) 90uL
BCy(RS+SS)~FIEBLBE 0.8 pg/Sk AL B .
( J g sjﬁcmﬁ withuﬁgl{g;im at 0.8 pg/Larva , 30 5 min, opL
RS & XSS ¢
BC.(RS-SS)— R FER 0.8 pe/ S ALT 9 6 mmol/L NAD PH 405 Tim
Selection with p?loxim at 0.8 pg/Larva 25 s , 26
l RS XSS 20
BC,F, (RR+RS+SS) < FEBiBE 1.2 ng/kAbFE
Selection with phoxim at 1.2 pg/Larva 162 O- ( )
l RR(RS)*RR(RS)
BC.F~ ¥ 5% 2.4 pe/ L Ab 58 96 ' 8OHL
Selection with phoxim at 2.4 pg/Larva 0 5mmol/L (
BC.Fs & BC.F, 0 1mol/L pH 7 8 ) 50pL
, 30 5 min, 10 UL
BC.Fs+— M ¥ 5 2.4 pg/ kAL B
l Selection with phoxin at 2.4 pg/Larva 9 6 mmol/L NAD PH
@77-}1 strain(RR)J 380 m 460 m 30's
, 31
1 BK77R 30
Fig 1 Schematic program for selection of the 163 O- ( )
phoxim -resistant BK77-R strain of H. amigera 96 , 80 UL
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0 5mmol/L ( 22 BK77-R
0 1mol/L pH 7 8 ) 50ML
, 30 5 min, 10pL BK77 , BK77-R
9 6 mmol/L NAD PH
380 mqm 460 mTm , 30 s ,
, 31, ( 2
30 , ,
17 s- ,
171 CDNB 96 ,
90ML Q1mol/lL pH 7. 6 , RO DEF 4
100 L ( 10 ), 100ML ( ) BK77-R
1 2mmol/L CDNB 100ML 6 mmol/L ’ 2
GSH 340 nm , 10 s DEF
, 60 7 2 19
30 FBO
17 2 DCNB 96 , 21 22 17 '
35ML Q 1mol/L pH 7. 6 ,
15p L , 100 L 1 2 mmol/L DCNB : , M FO
100M L 6 mmol/L GSH 340 $qm
, 10 s , 60 ,
30 23 BK77-R  BK77
2
B K77 BK77-R
21 3 3
B K77 , M FO O- O-
Phoxim -R , , BK77R 6
, BK77 23 29 ;
1 BK77R 6 GST (L2
2 14 );BK77R 3
B K77 28
,BK77-R 155 ,
BK77R M FO
1 BK77-R

Table 1 Resistance to phoxim in the selection period
of the phoxim-resistant BK77-R strain of H. amigera

/ LD« (95%CL)
Strain/Population /Mgl ) Slope RE”
BK77 0 04 (0. 03 0 05) 2 47 10
Phoxim-R 322 (263 392 2 32 81
Fi 105 (081 136) 176 26
BC4F, 133(111 167) 171 33
BC4F, 161 (133 195 2 55 40
BK77-R 6. 18 (4 87 7 93) 2 04 155

RF ( resistance factor) =LDgg /LD 5y (BK77)
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Table 2 Cross-resistance spectrun and synergisn by synergists
in the phoxim -resistant B K77-R strain of H. amigera
B K77 /Strain BK77-R /Strain . e
Insecticide//Synergist LD (95%CL) LDso (95%CL) RE’ SR™"
/(U g/L arva) Slope /{ g/L arva) Slope
phoxim 0. 04(0. 03 0 05) 2 47 6 18(4 87 7. 93) 2 04 155
phoxim +D EF 0 88(0.68 1 32) 2 50 22 7
phoxim + FBO 3 63(2 38 5 22) 1 38 91 17
deltamethrin Q. 005(0. 004 Q. 008) 170 1 24(0 82 2 50) 123 248
deltam ethrin +D EF 0.81(0 53 1 43) 114 162 15
deltam ethrin + FBO 0.06(0. 04 0 09) 1 96 12 21
methomy | 0. 04(0. 03 0. 06) 179 1 25(0. 89 2 08) 157 31
methamy| +D EF 0.62(0 37 1 04) 1 86 16 2
methomy| + FBO 0.56(0. 38 0 81) 1 46 14 22
endosulfan 0. 11(0. 08 0 13) 2 67 120(0 94 1 53) 2 36 11
endosulfan +D EF 0. 63(0. 50 0. 80) 2 97 6 19
endosulfan + FBO 113(0. 74 1 71) 2 39 10 1
profenofos 0 13(0 11 0 17) 275 0.47(0. 33 0. 79) 1 48 4

*

synergism) /LDy, of BK77-R (w ith synergist).

3

BK77

RF ( resistance factor) =LDgy (BK77-R) /LDy, (BK77).

BK77-R

%

SR (synergisn ratio) =LDg, of BK77-R (without

*

Table 3 D etoxification enzyme activity in the BK77 and BK77-R strains of H. am igera*

Enzyme activity

Substrate Strain M FO GST Esterase Ratio

/pmol- min~t- (mgpro) "t /rmol- min~t. (mgpro) "t /rmol- min~t- (mgpro) "t
pNA BK77 548 +136 10
BK77-R 1244 +320 23
- BK77 2 29+0 61 10
7-ethoxycoumarin BK77R 6.55+1 97 29
7- BK77 2 18 +0 65 10
7-methoxycoumarin  BK77-R 505+1 61 23
DCNB BK77 29.9+6. 5 10
BK77R 3609 1 12
CDNB BK77 1179 £137 10
BK77-R 1661 +126 14
a NA BK77 88 2+10 4 10
BK77R 248 £24 2 28

: (M FO) s- (GST) 6 , 3

"M idgut of sixth-instar larvae was used for oxidase and GST assays and w hole body of third-instar larvae w as used for esterase assay.

(BK77
155

BK77R),
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