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the CYP4 family in insects. A BLASTx search of Genbank us-
ing the C. tentans cytochrome P450 nucleotide sequence iden-
tified five insect cytochrome P450 genes that shared optimal 
translated protein homology: Helicoverpa armigera (Lepi-
doptera: Noctuidae) CYP4G8 with 74% of identity, Diabrot-
ica virgifera virgifera (Coleoptera: Chrysomelidae) CYP4G18 
with 77% of identity, and Drosophila melanogaster (Diptera: 
Drosophilidae) CYP-4G1 with 81% of identity (Genbank). 
Alignments of the inferred amino acid sequences (excluding 
primer regions) of the three CYP4 gene fragments including 
the CYP450 for C. tentans indicate the presence high degree 
of similarity among the sequences (Figure 2).

3.3. Determination of cytochrome P450 family 4 expression

Northern blotting experiments employed a probe derived 
from the cytochrome P450 fragment previously identified. 
Two different bands of 1.6 and 1.9 kb RNA hybridized with the 
probe in both exposed and unexposed samples from third in-
star Chironomus tentans larvae (Figure 3). Constitutive signals 

were more intense for atrazine exposed relative to unexposed 
midges suggesting that cytochrome P450 family 4 gene ex-
pression was induced by atrazine. The presence of two dis-
tinct bands suggests the presence of multiple genes and indi­
cates that at least two subfamilies of cytochrome P450 family 
4 genes may be induced by atrazine.

4. Discussion

Results from this study suggest that a cytochrome P450 
family 4 gene is induced by atrazine in third instar Chirono-
mus tentans larvae. Exposure of midge larvae to 1.0 and 10 
mg/l atrazine resulted in significantly increased cytochrome 
P450 activity relative to unexposed midges. Concentrations 
below 1.0 mg/l did not cause significant induction, and at-
razine concentrations that caused induction are greater than 
those commonly reported in contaminated surface water. 
Given that cytochrome P450 plays a significant role in reg-
ulating growth and developmental hormones in both verte-
brates and invertebrates, and due to its primary function in 
xenobiotic metabolism, environmental contaminants that 
influence its activity could result in important ecological 
effects.

Family 4 P450 genes have been identified in numerous in-
sect species, including Anopheles albimanus (Rodrigues and 
Prough, 1991), Manduca sexta (Snyder et al., 1995), Dro-
sophila melanogaster (Danielson et al., 1998), Diabrotica vir-
gifera virgifera (Scharf et al., 2001) and Musca domestica 
(Rodrigues and Prough, 1991). Family 4 P450 genes are in-
creasingly being identified as important in conferring resis-
tance to insecticides and other environmental chemicals, and 
have also been implicated in toxin metabolism (Rodrigues 
and Prough, 1991). Although amplification with primers de-
signed from family 4 P450 genes resulted in a single product, 

Figure 1. Effect of atrazine on NADPH-dependent cytochrome P450 O-de-
methylation in the 10,000g supernatant of gut homogenates from C. tentans 
late instar larvae. Bars indicate means ± SD of 3 replicate experiments with 
3 measurements for each experiment; * indicates significant differences (P < 
0.05) from control or unexposed midges.

Figure 2. Alignment of deduced amino acids for C. tentans CYP4 gene fragment (AY155456) with three homologous CYP4 fragments from Drosophila mela-
nogaster (U34328), H. armigera (U86002) and D. virgifera virgifera (AF243506). Consensus sequence is provided at bottom (blackened residues are identical 
to consensus; periods = consensus). Hyphens indicate gaps inserted by GCG-pileup program for alignment purposes. The conserved motifs ETLR and PTKF are 
underlined.
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northern analysis indicates that there may be at least two dis-
tinct family 4 Cytochrome P450 genes that are induced in C. 
tentans.

Although atrazine concentrations that caused significant 
induction of P450 activity in C. tentans were generally higher 
than what is considered to be environmentally relevant, the 
identification of specific P450 genes responsive to atrazine 
could provide the basis for developing more sensitive and 
specific molecular biomarkers that can be used in evaluation 
and protection of water quality. Additionally, because this en-
zyme system plays a critical role in numerous physiological 
processes, its induction measured at a molecular scale pro-
vides necessary genetic information to assess potential conse­
quences of exposure in aquatic organisms.
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