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Inhibition of glutathione S-transferase activity by insecticides
and allelochemicals in Clostera anastomosis
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Abstract A biochemical investigation was made into the inhibition of glutathione S-transferase (GST) activity in Clostera
anastomosis (L.) by insecticides and allelochemicals. The results showed that different inhibitors have different effects on
the inhibition of GST activity. When the final concentration of insecticides and allelochemicals was 8. 34 x 10 ™" mol/L,
quercetin and tannic acid were the most potent inhibitors tested, with inhibition percentages of GSTs in C. anastomosis of
64.41% and 58.61% . Among the inhibitors tested, triazophos, chlorpyrifos, phoxim, hexaflumuron, fipronil and
pyridaben were inhibitory and omethoate, isocarbophos, profenofos, malathion, methomyl, bifenthrin, beta-cypermethrin,
fenpropathrin, lambda-cyhalothrin, imidacloprid and acetamiprid were moderately inhibitory. Other insecticides were less
inhibitory. Furthermore, quercetin, tannic acid and phoxim inhibited GST activity in vitro in a dose-dependent manner.
The I, values of these three inhibitors for GST activity in C. anastomosis larvae were 2. 19 x 10 " mol/L, 2.53 x 1077
mol/L and 0. 15 x 10 77 mol/L, respectively. The results indicate that quercetin and tannic acid have good potential to
control C. anastomosis.
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4y H )5 SFidk Clostera anastomosis (L. ) , J&@ i 3#
F AR, 206 T 4 00tk 35 e 20 T B ik
72 B [ A B4y A AR AL AR b BT ER VL A WL
g =i N N D TN NS N TN B
RN g8 S M DX 32 T A B AR T A B R
AR SIS i, 7 A 0 6B I, AN 2 AR
B AR Ak, iy H™ F S mi SE M R AE KR
BRI T (b fic 455, 2004) o 43 B H ik
SHE: ¥ ( glutathione S-ransferases fij #X GSTs;
EC2.5. 1. 18) J& f {6 3& it 84 25 B H ik (glutathione,
GSH) 5 % F o b 7 4k & W 8047 26 &% 0 A Jse B 1)
— K. GSTs REWS i 26 Hi Ak & W) 5% K PE 1T I, A
H 5 T HE A&k b (Listowsky et al. , 1988 ; Clark,
1989 ; Rushmore and Pickett, 1993) . 7F & HAI& KN,
GSTs N Z 5 7 Z B W o A= W st i) AR it
(Motoyama and Dauterman, 1980) , 12 & 5 7 £
AR (Yu, 1986) o X, GSTs 76 B Ht 11 i #
AV S i (o Dt K (A 21 = T N TSP S
73 JJ i GSTs [ AE 5T 5 A A 3 R WL AR GE - A
Be 3 JE P RAL G W) A7AE T VF 2 M) (0 4k A
R 2~ = e Wil & A AR — B S IR A )
B Tt R T ARAE TR AR N 2 ook
B I, AR SCHEST 7K 3 Rl R A Ik AR )
A1 Tl i Y% SOANS 23 J3 e 3 1 GSTs (1 40 41 £
A B AE WA (1) 23 7] R A 0 8 b A 40 I A2 400
JOOR % B RO A 22 S A BL R s (2) 3 RV A 10 )
JI I S GSTs [R 401 710 2 73 3 Jet 55 B F) v 2 428
P LI B MRS DA TT R BT I8 20 T S I T
T o 4R 5 4 S«
1 HB5F®
1.1 #ifRA

g3 F s AR A VL 5 R 5 BOEL Y S A (26
+1) CHEifL, L D =125 12, A0 BE 75% 1) 4% F
ENZECE
1.2 FRFRGR

1402, 4= fi§ 3 2% (CDNB) - 2K H1 I fifk /9t i
(PMSF) « %% 75 Bl 2 (DTT) « #57 iR f 2—1 = ¢
fid 4y Sigma 2y w] 7= it ; 38 JR B 4% ik 1 ik (GSH) 2
Urchem 23 w] 7 i s Wi B2 38 W B W5t A2 X AR D) 8w

AR5 BT AT 2% SO s 2 1 R e 3L R
/U3 T £ L7 v 1| B A S B /A i I 7. | B

A

1.3 BEgimH &

B 6 Sk H B Sk 5 W 4 HUBCEE TR 1K) 35 55
SIFAETL AN 1 mmol /L £ i )Y 418 —4h 8
(EDTA) {7 3 mL 0.1 mol/L ¥ B % 2% b v (pH
6.5) (£ v FH Wi in PMSF I DTT % £k BE hy 1
mmol /L) 53 ,4°C, 10 000 g & .0 20 min, I i% ¥k
FH I8 2Rl W i v 7L e FH T
1.4 GSTsEMNE

%M Habig % (1976) Jy 3. ¥ 30 mmol/L
CDNB 40 wL,20 mmol /L GSH 60 wL, il 100 wL,
pH 25 6.5 [ 0. 1 mol /L ) flf % 28 v i A 2 ¥ 3% 1
mL, A AR, AT . 25°C &4 1, T 340 nm
P Ab, M 5E 2 min 1) OD fEAZ AL, 3K B WY 3d
J& (OD,,, /min) »

GSTs 3% Jj ¥4 (nmol/min) = (AOD,,, * v) /
(g L)

A AOD,,, o B 53 Bl AR A AE v 0 T
R N AAFL (3 mL) » e k7= 4 (1) 3 5% & % (0. 0096
L/pmol * em) , L 4 LA AF 1 EFE (1 em) o A 3
W
1.5 H0%IF 34 B B A GSTs J& 14 /Y #]

K A3 2 S AR RUAE 4 Ok A o T T T e ik
BESY 1 x 1077 mol/L )£} i

3 FP R TR A RN 19 B 4% RIS 4 B S
ik GSTs [ 410 A FH 1) 75925 - A6 )R VAR & b m N 24
W10 WL, XF fEHT 10 L o4 i AC R 25 9 # pH 8
6.5 1 0. 1 mol/L [ M& 2% vl ¥ 990 wL,30 mmol/
L CDNB 40 pL,20 mmol/L GSH 60 pL, fif§ # 100
wLo N B (868, VR A o 6 B e N 38 B A 0. 15
0D340 /min 7247, R H € 4F 43 5606 BE v 5 GSTs
(3 12k

BT 4 F RS S GSTs (1 4 451 751 5 250 1)
FFE A IR 5 x 1077.2.5 x10 2.1 x 10 2.5 x
10 712 x 10 ™ mol /L 557 243, 78 % B 44 & o
N3 L, X A 3w P A 2459 4 pH
6.5 [ 0. 1 mol /L ¥ 8% M2 2% it ¥ 997 wL,30 mmol/
L CDNB 40 pL,20 mmol/L GSH 60 pL, fif§ # 100
wLs BN EE A RR i, TR AT o R TR A0 40 o6 6 JE 1
%€ GSTs [ 7%

Wit Bz 26 0 s S ik GSTs 30 5l 771 &2 2
(7 BB 1 x 1072.2 x 10 .4 x 10 .
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Table 1 Content and manufacturers of technical grade insecticides
gl o K
Insecticide Content(% ) Manufacturer
WL Organophosphate
= 4% Triazophos 92.0 TLPEYLFEfk T4 PR A ) Jiangxi Kaifeng Chemical Co. , Ltd.
47 B W Malathion 95.0 bt 40 4 2545 B A 5] Hebei Shiji Pesticide Co. , Ltd.
FEFEW Chlorpyrifos 97.0 ¥ [ P BC 25 4k 24 5 Dow AgroSciences LLC
VI Phoxim 99.0 KR 24 B 475 A B 23 7] Tianjin Pesticide Co. , Ltd.
AL S - Omethoate 92.0 AL B MK F R A H R 4 A Hangshou Qingfeng
Agrochemicals Co. , Ltd.
TR Profenofos 90.0 T A 25 [ 4y 47 B A 7] Tianjin Pesticide Co. , Lid.
. WL Al B AL LB 5 5 R 4 ® Hubei Xianlong Chemcial
7K B 1% B Tsocarbophos 95.0
Industry Co. , Ltd.
I RG24 Carbamate
K % &% Methomyl 98.0 1 Jb Vb B A AR 244k 47 B A 7 Hubei Sanongda Co. , Ltd.
PLBR A G2 Pyrethriod
%l Fenpropathrin 92.0 4R KRR A% 245 JB 43 47 B 2% W) Shandong Dacheng Pesticide
Co. , Ltd.
i 35U 4 16 Beta—cypermethrin 97.0 125 K F A% 24 18 4 47 BR 2 7] Shandong Dacheng Pesticide
Co. , Ltd.
T % 34 5 Bifenthrin 97.0 LI &AL T B~ 5] Jiangsu Yangnong Chemical
Group Co. , Ltd.
w1 3 R R % i Lambda-cyhalothrin 95.0 TLO% &2 k2546 T4 B 4 @ Jiangsu Huangma Pesticide
(Chemical Co. , Lid.
HoAth % d1 771 Other insecticides
2 K Hexaflumuron 95.0 77 W 1 4k (1l &) 47 B A 7] East Romble Agrochem

KL 4 % T R AR (MR W “F4E 90,0

5”) Emamectin benzoate

B 4 1% % Abamectin 95.3
S5 U Fipronil 90.0
It bk Imidacloprid 95.0
nE dUk Acetamiprid 96.0
Wk R Pyridaben 95.0

(Shandong) Co., Ltd.

Wi VL B TE AR W b 2% Ik i 7 BR & W) Zhejiang  Qianjiang
Biochemical Co. , Ltd.

1 25 5 A 1k 45 B 24 ®] Shandong Jingbo Agrochemicals Co. ,
Lid.

v R AL TR A B A W Anhui Huaxing Chemical
Industry Co. , Ltd.

WAL Vb B A A 2540 T B 2\ ] Hubei Sanongda Co. , Ltd.
WA 5 3 R 2R 250k 47 B A 7] Qingdao Haili” er Medicine
Co., Ltd.

IR B A &R 25 Tk 4 R A & Shandong Sino-Agri United
Biotechnology Co. , Ltd.

8 x10 "1 1.6 x 10 ~° mol /L #if fz 2% 25 Wi, 76 ] NV
PR PN LGS WL, X 1S L YR ACH: 24
WK pH 24 6.5 (15 0. 1 mol /L ¥ 1 IR 2% b ¥ 985
wL,;30 mmol/L CDNB 40 pL,20 mmol/L GSH 60

wL, B 100 WL, A B (B 48 o, YR AT . A 5 4h
I3 6O EE VI GE GSTs WG %

Rt 8 0F 23 H e S g GSTs 1) 410 1) 1) 2 R4 S
(773 4 BT S x 10 7201 x 10 2.2 x 10 7* .4 x
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1071 8 x 10 ™ mol /L 2B fik 24 9, 76 ] W A4 & v
TINS5 wh, 5RO S w79 A 259 K pH
6.5 [ 0.1 mol/L f¥y # B 2% vh ¥ 995 pL, 30
mmol /L. CDNB 40 wL,20 mmol/L GSH 60 L, f§ ¥
100 L, N LG AR, R 50« R 2R A0 0 66 B
T E GSTs R 14

4 2 ) o B A R

PHIE (%) = (G} GSTs 3 #E — A% dL 5
5 GSTs 35 7) /% Ht GSTs 3% 1 x 1006

1.6 MEIPREMITE

LA JEE 1R 4708 20 A A AR A 4100 71 3R 4 O AR AR
PEB, SR (a5 B o SR 0 50% 1)
24 70 JEE IV Ay 24 750 B 410 1) v 9

L7 #IFIFHIEREZ D0

F| H GraphPad InStat version 3. 00 #& {3k 47 %
I TR T R R PS8 e |
M LSD #t47 %2 H LB .

2 HFRE55H

2.1 FHFMEMREMRN S BB GSTs
& T B 40 1 4E A

B 25 3 (38 2) T LU s Bl e 9 4%
FURRL 4 VR A= Jo (e 77 FY e 5 R0 ] 24 B 3) % 4
JI 1 F 8k GSTs 5 PEARAT — 5 A 48 T (5 AN
[ 60 55 71 76y 400 o 4 ) A AE B 2% %2 7 (P <0.05) o
A R 24 By 8. 34 x 10 7 mol /L I, Hit B 3%

F2 FHEFFMEYMREVRN S BB GST E A HH 1ER

Table 2 Inhibition of GSTs by insecticides and allelochemicals in Clostera anastomosis larvae

#1417 Inhibitor (8.34 x 10 ~° mol/L)

J I Z Percentage of inhibition (% )

4 ML Organophosphate
= Mg Triazophos
H pr i % Malathion
3 €1 Chlorpyrifos
LR Phoxim
A SR R Omethoate
A ¥R W Profenofos
JK W& i 8§ Isocarbophos
AL PR RS Carbamate
K % g Methomyl
FLBR HU %5 15 2% Pyrethriod
i & %4 Ik Fenpropathrin
171 R0 SR % T Beta—cypermethrin
5 K44 1§ Bifenthrin
= A& U %G 8 Lambda—cyhalothrin
HoAb 7% 5] Other insecticides
AL K Hexaflumuron
F 4 £f Emamectin benzoate
[ 4f 1 % Abamectin
S L Fipronil
ikt fL ik Imidacloprid
BE K Acetamiprid
Ik i R Pyridaben
FEL M IR HE W 5 Allelochemical
Ht 2 2 Quercetin
HU R Tannic acid
2+t = %E M 24ridecanone

23.08 +1.59 bede
10.40 +0. 85 fg
20.77 £2.40 bedef
27.10 0. 08 be
14.39 +2. 87 defg
10. 68 +2. 14 fg
13.05 £3. 63 defg

11.67 +0.32 efg

11.40 £1.74 efg
15.93 £0. 67 cdefg
18. 80 +3. 35 cdef
10.30 £3.30 fg

24.55 +9.71 bed
-6.57+5.58 h
-6.55+2.03 h
22.14 +2.49 bedef
17.01 £2.72 cdefg
14.77 £ 1. 84 defg
32.61 £1.49 b

64.41 +8.49 a
58.61+7.23 a
6.50 £1.80 g

T HE R EARDNES PR R EZREF (P<0.05), P&,
Data followed by different small letters indicate significantly different (P<0.05). The same below.
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FURL T {50 73 ) B 9 GSTs v 1 40 a4 Jst ok »
R i 50% , 4> B Ky 64.41% F1 58.61% . — M
i~ 75 SRR < S B SR DR < e L R ik R A A
SER () A FH S ) GSTs i 4 4100 il 288 1k 20% ; 44
PR R 7K Tt 8 TR VU T R K 2 S TR
E NN R N RN R
Bt < Wbt EEORBR R B K X 23 ) B ik GSTs A7 v 45 41l
AR At 2% ORI 4 A B ik GSTs A5 48 59
(B &) 0 HIE .

2.2 HEYREWRMR BT XS B BEAE GSTs
HO ) B89 7 2 U K &R

ME 1 WL LEH, 55 x10°~1.25 x107*
mol /L ¥ B2 Y5 [l 9 o IR A 23 H s F i GSTs
b N R e o R A = o § VAP S S AR
1077 ~1.25 x 10 ™" mol /L {13k 3 35 Bl v » # iz 25 0
73 7B £k GSTs 3 1 1) 410 11 2 A7 A5 W] e 1) 77 -
RN K FR G AE 3.36 x 1077 ~2.1 x 10 ™ mol/L {13k
YGRS S B B 40 ) A I GSTs i 14 14 410 o
A AFTE B S 1R 7 B 8N O R

2.3 HEHYREVRFFREFIN S A BEAH GSTs
D) B9 HP ) R E

AL S 06 2 P 43 s (36 3), AT LAk S il
A ¢ AW RN R HOFRDRE 43 ) R % ik GSTs 1) il
Il o B o 3% 3 A, B R AN 90 A APk
JEh 2,62 x 1077 mol /L, Hit Bz 3 1 410 ] v 34k J3
2.19 x 10 > mol /L, £ B ¥ 10 11l vh W 55 2 1. 49 x
10 * mol/L.

RI HEYREYRMEAFNS
A B 1% GSTs By dh ik &
Table 3 I, value of plant allelochemicals and

insecticides on GST activity in Clostera anastomosis larvae

IR L, (x 107 mol /L)

046 7 Inhibitor

L7 8 Tannic acid 2.62 +£0.07b
1l 2 % Quercetin 2.19 £0. 35b
27 Phoxim 14.90 £ 1. 30a

3 g

GSTs &YW i — 38 T A AC WS G, BEEAH
HI SR TS P9 YR 138 AR Bt K (reduced
glutathione, GSH) &5 &, fff 2 & 5 T H th 1k 4F

90
80F
70
60+
S50+
40+
30F
20F
10F
0 . L : —
35 4.0 45 5.0 5.5
#FE Concentration (-log mol/L)

=R Inhibition rate (%)

80
70+
60+ B
50F
40+
30t
20
10}

35 4.0 4.5 5.0 5.5 6.0 6.5 7.0
& BE Concentration (-log mol/L.)

FHI# Inhibition rate (%)

70 -
60
50+
40+
30+
20+
10 +
0 - L L L L . )

35 4.0 4.5 5.0 5.5 6.0 6.5 7.0

¥ Concentration (-log mol/L)

FEI# Inhibition rate (%)

1 FEFMEMIEYR S A
B FH i GSTs D) B 77 8 S X &

Fig.1 Inhibition of GSTs activity by different

insecticides and plant allelochemicals of different
concentrations in Clostera anastomosis larvae
A HU R tannic acid; B:#ffl 2 3 quercetin;
C: Wi phoxim.

(Rushmore and Pickett, 1993) . GSTs 4 /&3 2 AL
TR SR N, E A A HUBE SRR
HUAG TR A DDT 45 1 fitk, B R R gtk K r S
GSTs i ¥k 7K P AH 56 (Yu, 1986) o GSTs 44 &b 41 il
SE IR0 T WA AR R AR AL A A O SR R A B
MR A R0 R 1 B2 N S i A (2 R (2 = 1/ e S
X B H GSTs A& Ab 30 i WF 98 % 2> o Chen 5
(2007) HF 5T WY W 5 A7 LB 20k HY IR 18R 001
AT A BURIR BE A 5 x 10 7 mol /L R X A 4%
Helicoverpa armigera (Hiibner) GSTs #i#& # 4l /E
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i3 9 77 %% (2007) WFFC R W, MW FEE R 2 x 1077
mol /LI, B W 5E 1 A% B e RO b
Odontotermes formosanus ( Shiraki) FI 22 i § 4
Reticulitermes chinensis (Snyder) GSTs J& E#H — &
FEEE A0 46 B - % 77 46 (2009) H 21 Fh 4 dui)
FI3 Bk 0 U A BRI 24 9 1 x 107" mol /L
W, 4 K 2 B R W B S i Clostera
anachoreta (Fabricius) GSTs J5% I # A — & 1 47 561
EM o AWFFEPT 153 45 2R 55 LAl N B Bk 53 2 — 2K
¥, & SR W AE BT A 3% JR) N ) T A=
MAWSEN 8.34 x 1077 mol /L I, K £ % & Hu5
X553 F B S5 g GSTs 1935 11 #B A — & F2 B 1 410 1
YERT o AHANTE] B dt GSTs [ T g 5% 1 20 1 A7 15 1R
KR 22 535 AN [R] B O [R] — Fofr ofk He 551 £ A W 7
ANTA] S 0f % B P AN 5] o BTG AT 5T % b B
UK GSTs 11 57, B A % Al o3k He 750 5 3 00 o1 45 1
X T 4k B0 BT Rk B B dR A Y S AR AT Y
1o

Mk Bz = A0 T A IR A T s TR
B3 o AT GT 4SS SRR WM B 3 A0 B0 X 2 B St
R GST 133050 1 FF S 00602 40 34 0 64 41%
F158.61% . iX 5 Chen %5 (2007) [¥]#F 5% 45 B
H. Chen %5 (2007) B 57 ¢ B B 35 A0 B0 7 R X
R4t GSTs A4 Ah 4 i) £ ] A 5 ik, ) b i GSTs
AN 2 HBAE 95% LA b % g Wi 45 GSTs A% 414l
11 £ 85% LL_E i 75 4% (2007) 8F 50 K DL
TR 2 Al I GSTs AR Ah il 2 73 53 O 82. 19% F
57.80% ; %7 %% (2009) BFF 58 K I #L7* R %d T 4 1
PGSk~ o o AT I A4 3 A 412360 GSTs #4718 9t
(IR AR F o B b s 3X S8 A 5T 3 W) B 7 R R 3=
P By 36 B HR HUF) Bl R ER A R G 280 B A AR
(1) I8 T V8 717> R T 3 L6 48 49 2 A2 4 Js ok 97 v 4
J3 B R gl B A Sy S R 8 ARk i P
A SEEG K E SE T
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