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Abstract: Chemical control is the main method to control mosquitoes that are the primary vectors of
human diseases. Previous resistance investigations showed that mosquitoes in China had become resistant
to organophosphates  organochlorines  carbamates and pyrethroids. There are two main resistance
mechanisms 1. e. the target resistance and the metabolism resistance that three detoxification enzyme
families are involved in. An insecticide-susceptible strain is indispensable for resistance monitoring and
studies of resistance mechanisms. In this study we established an insecticide-susceptible strain of Culex
pipiens quinquefasciatus from a field population by screening the isofemale lines without the G119S
mutation in the acetylcholinesterase and with the low activity of carboxylesterases P450 monooxygenases

and glutathione-S-ransferases. Compared to another susceptible strain S-ab the strain screened here
had 1.50ld higher carboxylesterase activity and equivalent P450 and glutathione-S—ransferase activities.
Insecticide bioassay showed that this strain had a less than 2-fold resistance to organophosphates and no
resistance to carbamates and pyrethroids compared to the SHab. Therefore this strain can be applied as an
insecticide-susceptible strain in resistance monitoring.

Key words: Culex pipiens quinquefasciatus; insecticide-susceptible strain; acetylcholinesterase;

carboxylesterase; P450 monooxygenase; glutathione-S-iransferase; insecticide resistance

. ( Strode et
N ( Buss and Callaghan 2004) al. 2008) . N
(20127X10004219)
1986 E-mail: yueqiujuan06@ 163. com;
1967 E-mail: yaoshumin299@ 163. com

Authors with equal contribution
Corresponding author E-mail: cuif@ ioz. ac. ¢n
Received: 20124142 ; Accepted: 2013-03-01



380

Acta Entomologica Sinica 56

. ( Strode et al. 2008)

o 20 50

( Cui et al. 2006b)

( 2007; Cui et al.
. P450
S- ( GST) o

Culex pipiens complex

and Callaghan 2004)
o B

2007) . P450

P450
o GST

( 2007) o
ace- ace2

ace- aced

2007)

( Buss

0.4%

o ace

G119S  F331W,
Anopheles  albimanus

Anopheles gambiae

G119S

( Weill et al.
F331W

2004; Ahoua Alou et al. 2010)
Culex tritaeniorhynchus

( 2007) -

S-ab

Culex pipiens quinquefasciatus

( Mouches et al. 1990; Kilian et al. 2008; Mosqueira

et al. 2010; Zhang et al. 2012) .

S-ab

1.1
1.1.1

. Sdab
al. 1966)

~ P450

SB1 ( Mouches et al.

Sdab

G119S
GST

SG

( Georghiou et
1987) . SA2

( Berticat et al. 2002) . LING( Weill et al. 2001)
WU( Cui et al. 2006a)

Ester™ Ester” Ester’”  Ester'
Bl A2-B2 A9-B9 AllBIll,.
26 £2°C
50% ~70% 161.:8D,
SG 1 3
; 30
-80C
1.1.2 ( DDVP) . N N
N o
(aNA) . B- ( BNA) B .
RR
(GSH) . 1- 2 4- ( CDNB) .
NADPH  Sigma (DTT) .
( PTU) o



1.2 G119S
ace-
G119S
(2011);
S-ab o
1.3
S- 0.2
mol /L, P450
0. 154 mg/mL DTT 0. 152 mg/mL PTU
0.373 mg/mL EDTA 0.1 mol/L (pH
7.8) o S-ab
3 10 500 pL
o 12 000 r/min 15 min
10 min
o Bradford ( Bradford
1976) .
1.4
1.3
(2011)
3 .
1.5 GST
10.35 mmol /L. GSH 200 mmol/L. CDNB
188:2 190 pL
10 pL
340 nm
5s 120 s
Excell0
( A/min) (A/min * mg) 1 mg
1 min
1.6 P450
90 wL 100
L 2 mmol /L + 10 wL 9.6 mmol/L
NADPH 27°C 405 nm
25 s
20 Excell0
( A/min) (A/
min * mg) 1 mg 1 min
o 3
1.7
Pasteur  ( 1988)
13.6% 10 W 4°C
5~6h aNA  B-NA(

381
2% ) 2 ml. 45 mL ¥
( KH,PO, 67 mmol/L. Na,HPO, 34 mmol/L)
7 min RR 80 mg
1.8
Raymond ~ Marquine( 1994) 99
mL 20 4 1 mL
5 3
24 h o
1.9
PROBIT( Ratsira et al. 1993)
LCs, N N 95%
Sab
- (SPSS 13.0) .
2
2.1
30
8
ace- G119S
8 o
2.2 + GST. P450
8
+ GST  P450
( 1):8
S-ab 3467 8
(P<0.05); GST S-
lab 4 6 8 S-ab
(P>0.05); P450
S-ab (P>0.05) .
4
S-ab 2.5
GST  P450 S-ab
2.3 4
4
( 1 19
Al11-B11
S-ab
21



382 Acta Entomologica Sinica 56

1 8 + GST. P450

Table 1 The activities of carboxylesterases GSTs and P450s in eight isofemale lines of Culex pipiens quinquefasciatus

Carboxylesterases GST P450
Strains Specific activity * P Specific activity * P Specific activity * P
(U/mg) Ratio” P value ( A/min * mg) Ratio” P value ( A/min + mg) Ratio” P value
1# 0.375 +0.082 2.47 0.06 0.063 £0.026 2.42 0.29 0.015 +0. 006 1.95 0.37
2# 0.395 +0.166 2.60 0.22 0.052 £0.019 2.02 0.35 0.006 £0.003 0.83 0.81
3# 0.307 £0.041 2.02 0.03 0.066 +0.032 2.53 0.33 0.003 +0. 000 0.39 0.28
Lsofernale 4# 0.381 +0.037 2.51 0.01 0.020 +0.007 0.77 0.75 0.002 +0.000 0.28 0.22
line S# 0.451 £0.250 2.96 0.30 0.035 £0.012 1.34 0.68 0.005 +£0.001 0.61 0.49
6# 0.850 +0. 147 5.59 0.01 0.007 +0.000 0.26 0.30 0.004 £0.001 0.48 0.38
T# 0.466 +0.030 3.07 0.00 0.024 +£0.014 0.92 0.92 0.005 +0.002 0.68 0.60
8# 0.435 +£0.019 2.86 0.00 0.012 £0.001 0.45 0.43 0.013 £0.004 1.80 0.36
Sdab 0.152 £0.028 1.00 0.026 £0.016 1.00 0.007 £0.004 1.00
+ ;2 . Data in the table are mean + SE. The same for Table 2. * SHab The ratio of the
specific activity of an isofemale line to that of the Sdab.
1 4
Fig.1 High-activity esterases in single adult mosquitoes from the 4# isofemale line of Culex pipiens quinquefasciatus
analyzed in starch gel electrophoresis
1-4 6-8 10-12 14-16 18 -21 23 -24: 4 ( The 4# isofemale line) ; 5: SHab ( Standard sample SHab) ; 9: Bl
( Standard sample B1) ; 13: A2-B2 ( Standard sample A2-B2) ; 17: A9-B9 ( Standard sample A9-B9) ; 22: A11-B11 ( Standard sample
Al11-B11).
2.4 4 G119S . P450  GST
4 4 o
( 2):  Sdab 4
DDVP 1.5 1.6 (P<
0.05) ICy Sdab : .
LCy, SHab o 4 N N
( 2007)
3

L1014S  L1014F ( Chen et al. 2010;
ace- Ndiath et al. 2012) .
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Table 2 The insecticide resistance levels in the 4 instar larvae of the 44# isofemale line of Culex pipiens quinquefasciatus

(mg/L) *
. . LCso . N Resistance ratio”
Insecticides Strains Slope X
(95% CI) (95% CI)
DDVP S-ab 0.133 (0.105-0.183) 3.04 £0.82 4.76 1.00
4
0.206 (0.152 -0.257) 2.85+0.59 0.85 1.56 (1.02 -2.38)
44 isofemale line
Malathion Sab 0.027 (0.025 -0.029) 9.40 +2.08 5.27 1.00
4
0.045 (0.035 -0.057) 3.26+£0.75 0.91 1.69 (1.13 -2.52)
4# isofemale line
Phoxim Sab 0.005 (0.005 -0.005) 12.95 +2.98 0.39 1.00
4
0.005 (0.004 -0.006) 3.36 £0.76 0.33 0.91 (0.59 -1.40)
4# isofemale line
Propoxur Sab 0.082 (0.053 -0.121) 1.69 +0.34 2.67 1.00
4
0.093 (0.066 —0.118) 2.88 +£0.70 4.85 1.13 (0.75-1.73)
44 isofemale line
Permethrin S-ab 0.033 (0.029 -0.038) 5.48+1.17 1.57 1.00
4
0.037 (0.031 —0.044) 4.19 +0.81 0.60 1.15(0.73 -1.81)
44# isofemale line
: Sdab LG, Resistance ratio is the ratio of the LCsjof the isofemale line to that of the SHab.
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