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Abstract  [Objectives]  Cytochrome P450 monooxygenase (P450) and glutathione S-transferase (GST) are important
enzymes for the degradation of exogenous toxins in eukaryotes and play key roles in insecticide resistance in insects. In a
previous study we found that the transcriptional levels of the Epsilon GST (GS7el) and P450 CYP9 (CYP9J40) genes were
up-regulated in a parathion-resistant strain of Culex pipiens quinquefasciatus. We here explore the temporal and spatial
expression patterns of these two genes in order to further elaborate their biological functions. [Methods] Real-time PCR and
in situ hybridization were used to explore the temporal and spatial expression patterns of the two genes. [Results] Real-time
PCR showed that the transcription levels of GSTel and CYP9J40 in the parathion-resistant strain of C. p. quinquefasciatus
were 4.2 and 1.9-fold higher, respectively, than those of a susceptible strain. These two genes had similar expression patterns
over the mosquito life cycle; expression was low in larvae, increased in pupae, and peaked in female adults, whereas

expression in male adults was the same as that in larvae. In situ hybridization demonstrated that both genes were expressed in
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muscle, the digestive tract, and ovary. CYP9J40 was, however, expressed in a greater range of tissues, including the brain and
thoracic ganglion, than GSTel. [Conclusion] The observed changes in expression levels during development and the
expression of these genes in a wide range of tissues imply that, in addition to insecticide resistance, GSTel and CYP9J40 play
arole in other metabolic processes, such as female development.
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Fig.1 Gene and protein primary structures of GSTel and CYP9J40 in Culex pipiens quinquefasciatus

A: Gene structure, Black triangles indicate gene transcription direction;

B: Protein domains.
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Fig.3 Expression patterns of GS7el and CYP9J40 in different developmental stages of Culex pipiens quinquefasciatus

+ SE P<0.05

Data are meant SE; histograms with different letters indicate significant difference (P<0.05).
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Fig. 4 In situ hybridization of GSTel and CYP9J40 in the female adults of Culex pipiens quinquefasciatus

A: GSTel GSTel gene; B: CYP9J40 CYP9J40 gene; 1: Brain; 2: Thorax ganglion; 3:
Muscle; 4: Digestive gut; 5: Ovary.

CYP6B CYP6D

CYpr4 GST
Nikou et al. 2003  Daborn 2002 GST
DDT CYP6gl
DDT Anopheles subpictus GSTs
CYP9J40 P450s Hemingway et al.
1 Liu 2011 1991 35 GST
CYP9J40 Delta  Epsilon Yan et al. 2012
CYP9J40
Ranson et al. 2002 GST
Liu 2011 CYP9J40 GSTe2 GSTe4
GSTe$ GSTel
CYP9J40 Anopheles gambiae Aedes
aegypti Yan et al. 2012

GSTel



1544- Chinese Journal of Applied Entomology 51

GSTel  CYP9J40

SZ#k (References)

Cheikh RB, Berticat C, Berthomieu A, Pasteur N, Cheikh HB, Weill
M, 2008. Characterization of a novel high-activity esterase in
Tunisian populations of the mosquito Culex pipiens. J. Econ.
Entomol., 101 (2): 484—491.

Coon MJ, 2005. Cytochrome P450: Nature's most versatile
biological catalyst. Annu. Rev. Pharmacol. Toxicol., 45: 1-25.
Cui F, Tan Y, Qiao CL, 2007. Filariasis vector in China: insecticide
resistance and population structure of mosquito Culex pipiens

complex. Pest Manag. Sci., 63(5): 453—458.

Daborn PJ, Yen JL, Bogwitz MR, Le Goff G, Feil E, Jeffers S, Tijet
N, Perry T, Heckel D, Batterham P, Feyereisen R, Wilson TG,
Rffrench-Constant RH, 2002. A single P450 allele associated
with insecticide resistance in Drosophila. Science, 297(5590):
2253-2255.

David JP, Strode C, Vontas J, Nikou D, Vaughan A, Pignatelli PM,
Louis C, Hemingway J, Ranson H, 2005. The Anopheles
gambiae detoxification chip: a highly specific microarray to
study metabolicbased insecticide resistance in malaria vectors.
Proc. Natl. Acad. Sci. U.S.A. , 102 (11): 4080-4084.

Enayati AA, Ranson H, Hemingway J, 2005. Insect glutathione
transferases and insecticide resistance. Insect Mol. Biol., 14 (1):
3-8.

Feyereisen R, 1999. Insect P450 enzymes. Annu. Rev. Entomol. , 44
(1): 507-533.

Hayes JD, Flanagan JU, Jowsey IR, 2005. Glutathione transferases.
Annu. Rev. Pharmacol. Toxicol. , 45: 51-88.

Hemingway J, Hawkes NJ, McCarroll L, Ranson H, 2004. The
molecular basis of insecticide resistance in mosquitoes. Insect
Biochem. Mol. Biol., 34(7): 653—665.

Hemingway J, Miyamoto J, Herath PRJ, 1991. A possible novel link
between organophosphorus and DDT insecticide resistance genes
in Anopheles: Supporting evidence from fenitrothion metabolism

studies. Pestic Biochem Physiol, 39(1): 49-56.

Hemingway J, Ranson H, 2000. Insecticide resistance in insect
vectors of human disease. Annu. Rev. Entomol., 45 (1): 371-391.

Huang HS, Hu NT, Yao YE, Wu CY, Chiang SW, Sun CN, 1998.
Molecular cloning and heterologous expression of a
glutathiones-S-transferase involved in insecticide resistance from
the diamondback moth, Pulutella xylostella. Insect Biochem. Mol.
Biol., 28(9): 651-658.

Li X, Schuler MA, Berenbaum MR, 2007. Molecular mechanisms of
metabolic resistance to synthetic and natural xenobiotics. Annu.
Rev. Entomol., 52: 231-253.

Liu N, Li T, Reid WR, Yang T, Zhang L, 2011. Multiple cytochrome
P450 genes: their constitutive overexpression and permethrin
induction in insecticide resistant mosquitoes, Culex
quinquefasciatus. PLoS ONE, 6 (8) : €23403.

Nikou D, Ranson H, Hemingway J, 2003. An adult-specific CYP6
P450 gene is over expressed in a pyrethroid-resistant strain of the
malaria vector, Anopheles gambiae. Gene, 318: 91-102.

Ranson H, Claudianos C, Ortelli F, Abgrall C, Hemingway J,
Sharakhova MV, Unger MF, Collins FH, Feyereisen R, 2002.
Evolution of supergene families associated with insecticide
resistance. Science, 298 (5591) : 179-181.

Raymond M, Berticat C, Weill M, Pasteur N, Chevillon C, 2001.
Insecticide resistance in the mosquito Culex pipiens: what have
we learned about adaptation? Genetica, 112/113: 287-296.

Syvanen M, Zhou Z, Wharton J, Goldsbury C, Clark A, 1996.
Heterogeneity of the glutathione transferase genes encoding
enzymes responsible for insecticide degradation in the housefly.
J. Mol. Evol. , 43 (3): 236-240.

Vontas JG, Small GJ, Nikou DC, Ranson H, Hemingway J, 2002.
Purifieation molecular cloning and heterologous expression of a
glutathione-S-transferase involved in insecticide resistance from
the rice brown planthopper, Nilaparvata lugens. Biochem. J., 362:
329-337.

Werck-Reichhart D, Feyereisen R, 2000. Cytochromes P450: a
success story. Genome Biol. , 1 (6): 3003.1-3003.9.

Yan L, Yang P, Jiang F, Cui N, Ma E, Qiao C, Cui F, 2012.
Transcriptomic and phylogenetic analysis of Culex pipiens
quinquefasciatus for three detoxification gene families. BMC
Genomics, 13 (1): 609.

, 1990.
, 1 (1): 41 —44. [Liu WD, 1990. The evolution of
insecticides resistance of mosquitos in China. Chinese Journal of

Vector Biology and Control, 1 (1): 41-44]



