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Abstract
Cytochrome P450s including CYP6M2 have been demonstrated to be involved in the metabolism of
insecticides, typically through up regulation in resistant individuals. The difference in gene expression levels
seen in insecticide resistant mosquitoes may result from sequence differences in the 5’ upstream region of
CYP6M2 including those in the promoter elements. Understanding the complex mechanisms regulating P450
expression, including that of CYP6M2 in insecticide resistant Anopheles gambiae remains a great challenge.
In this study, extensive bioinformatics resources were used to predict regulatory elements and cross-species
comparison in the cis-acting elements within CYP6M2 (896 bp) and CYP6G1 (896 bp) known to be up
regulated by the orthologs of Nuclear factor erythroid 2- related factor 2(Nrf2)/Kelch -like ECH-associated
protein 1(Keap 1) and Aryl hydrocarbon receptor (AhR)/ Aryl hydrocarbon nuclear translocator (ARNT) in
Drosophila melanogaster. Searches were also made for the cis- acting elements within a 879 bp region up
stream of CYP6M2 hypothesised to contain the promoter for this gene in both the Tiassalé multiple
insecticide-resistant and Kisumu susceptible strains of An. gambiae. Results revealed the presence of
Nrf2/Keap 1 and AhR/ARNT as putative transcription factor binding sites (TFBS) within the CYP6M2
promoters. Further, we identified the orthologs of those transcription factors which bind to these elements
(Cap ‘n’ collar isoform C (CnCC) / (Keap 1) & Spineless (ss)/ Tango in Drosophila melanogaster) as
AGAP010295/ AGAP000748 & AGAP005300/ AGAP003645 in Anopheles gambiae. These data suggest
the presence of putative AGAP010295/AGAP009748 and AGAP005300/ AGAP003645 binding sites in the
promoter of Anopheles gambiae CYP6M2, which may potentially be associated with the up regulation of
CYP6M2 involved in insecticide resistance. These if established have implications in the control of malaria.
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1. Introduction
Cytochrome P450 (CYPs) are known to play a central role in insecticide resistance, allowing
resistant insects to detoxify insecticides at a higher rate [1]. Among them, members of CYP6M2
gene have been repeatedly implicated in resistance to insecticides [2].The development of
insecticide resistance to all the commonly used insecticides in Anopheles gambiae necessitates
the evolvement of these novel strategies to combat malaria in Africa [3,4]. Often through
microarray analyses of resistant strains. Whilst specific genes such as CYP6M2 and CYP6P3 in
An. gambiae and CYP6P9 in Anopheles funestus are repeatedly identified as up regulated in
resistant strains and have been demonstrated to be capable of insecticide metabolism in vitro, the
specific sequence elements responsible for driving the up regulation and hence resistance remain
to be identified. Both cis- elements (on the same chromosome, typically immediately upstream of
the transcription start site) and trans- elements (distant from the gene – including on separate
chromosomes) may have evolved to increase gene expression. However, identifying these is a
challenging process necessitating both experimental and bioinformatics techniques. As available
sequence resources increase (e.g. the sequencing of 16 Anopheles genomes [5] and over 1000 An.
gambiae genomes [6] so bioinformatic methods will aid in understanding the complex
mechanisms underlying gene regulation and expression in insecticide resistance [7]. Here we use
the term promoter as the DNA sequences, usually between specific binding sites for proteins
involved in the initiation and regulation of gene transcription [8, 9].This transcription is controlled
primarily by transcription factors (TFs) which recognize and bind to specific short DNA sequence
motifs [10]. The most familiar of these motifs is the TATA box (found in 30-40% of core.
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same tools to determine the degree of conservation in both
promoter structures and perhaps function. In order to
successfully clone the 5’ upstream CYP6M2 gene, we cloned
into pJET1.2 cloning vector pJET-CYP6M2_Tiassalé (Tias)
(930 bp) and pJET-CYP6M2_Kisumu (Kis) (896 bp) [20].

Transcription factor binding leads to the activation or repression
of transcription in response to changes in the environment, as
well as during development [7]. Each gene contains a set of
unique combination of TFBSs in the promoter that determines
its temporal and spatial expression [12, 13].The TFBS only carry
the potential to bind to the gene promoter. However, the TFBS
binding can occur everywhere within the genome and are
therefore not restricted to regulatory regions [14] .The control of
gene transcription initiation is a significant mechanism for the
determination of gene expression and how much mRNA and
consequently protein is being produced [14]. Therefore, one
major task of understanding transcriptional regulation networks
is to identify all TFBSs bound by all TFs encoded in a genome,
which eventually will provide the information necessary to
construct models for describing transcriptional regulatory
networks [15,16,8]. Although recent studies in mosquitoes revealed
that, the vast majority of described promoters are from
Anopheles and Aedes species [17]. No study appears to have been
made in understanding the complex mechanisms regulating
CYP6M2 gene expression in insecticide resistance in Anopheles
gambiae. In this paper therefore, as a prerequisite for
understanding the molecular mechanism involved in the
regulation of CYP6M2, characterization of its promoter
sequence and searches for potential regulatory elements were
made. Similar searches for the regulatory elements of 5’
upstream region of CYP6G1, a single P450 allele responsible
for insecticide resistance in Anopheles gambiae. This CYP6G1
gene is also known to be up regulated by the orthologs of
Nuclear factor erythroid 2- related factor 2(Nrf2)/Kelch -like
ECH-associated protein 1(Keap 1) and Aryl hydrocarbon
receptor (AhR)/ Aryl hydrocarbon nuclear translocator (ARNT)
[18,19]
.The recognition of these transcription factor binding sites
(TFBSs) has the potential to improve knowledge on how wild
populations of Anopheles gambiae become resistant to
insecticide and are activated by different endogenous and
exogenous challenges. This promoter analysis only infers the
binding potential and not the functionality of a site. The
functionality can only be proven through wet- laboratory
experiments with predetermined parameters, particularly since a
potential binding site in a promoter can be functional in certain
cells and non- functional under different conditions [14].

2.3 Analysis of CYP6M2 gene sequence and CYP6M2 gene
promoter
In order to understand the regulatory mechanism of the
CYP6M2 gene promoter, the presence and location of
transcription factor binding sites in the 5’ regulatory regions of
the retrieved gene sequence and promoter sequence analysis
was done using several Bioinformatics tools. These sequenced
constructs were further analysed for the presence of putative
GATA transcription factors binding factors considered as
positive cis-acting regulatory elements sequences [21, 27].
2.3.1 Recognition of promoter/ Enhancer elements within
the cloned and sequenced CYP6M2 gene promoters
In order to identify putative regulatory motifs within the cloned
and sequenced CYP6M2_ (Kis) and CYP6M2_ (Tias) gene
promoter sequences, several online tools were used. CPGFinder
tool was used to predict the existence of cPG dinucleotides
within the gene promoter sequence (cPGisland islands.
USC.edu). Clusters of cPGs/GC rich regions called cPG islands,
(regions containing >200 cPG sequences) are often found close
to genes, with cPG sequences appearing in the promoters and
first exons but also in downstream regions. These so-called cPG
islands (cPG dinucleotides in invertebrates), first defined by
Bird in 1986, are on average 400–500 bp of length, have a C+G
content of 0.5 or higher and an observed to expected cPG ratio
of 0.6 or higher within a range of 200 bp or greater [22]. Analysis
of the sequenced CYP6M2_Kis -1 & CYP6M2_Kis-2 and
CYP6M2_Tias-1 and CYP6M2_Tias-2 promoter using cPG
island searcher (http://cPGislands.usc.edu/ ) [23].The TSSW
(Recognition of human PolII promoter region and start of
transcription) tool predicts the existence of Enhancer and
general transcription factor binding sites (e.g. TATA Box).
Further analysis using McPromoter defined as a probabilistic
promoter prediction system that identifies likely TSSs in large
genomic sequences tool [11]. (McPromoter MM: II http://genes.
mit.edu/ McPromoter.html).

2. Materials and Methods
2.1 Phylogenetic Tree of the Anopheles gambiae CYP6M2
gene sequence
In order to analyse the evolutionary similarities, differences and
relationships between various insect species and Anopheles
gambiae, phylogenetic analysis was carried out comparative
phylogenetic and bioinformatics enable sequence homology
within several species to be identified. A phylogenetic analysis
of CYP6M2 orthologs in Anopheles gambiae was carried out
using Ensembl Metazoa Genome Browser (http://metazoa
ensembl.org/ Anopheles gambiae/Info/Index).

2.3.2 Prediction of putative regulatory elements within the
cloned and sequenced CYP6M2 gene promoters
In order to predict the putative transcription factor binding sites
(TFBS) within the cloned and sequenced CYP6M2_Kis and
CYP6M2_Tias gene promoters, an online analysis using
ConSite (http://asp.ii.Uib. no :8090/cgi-bin/CONSITE/consite/)
was performed. The putative transcription binding sites for
AhR/ARNT and Nrf2/ ARE were searched using Consite web site
(http://consite.genereg.net/cgi-bin/consite?rm=t_input) [24, 3].
ConSite is a user friendly web-based interface that is used
conventionally to identify cis-regulatory elements within
genomic sequences.

2.2 Genomic DNA and mRNA sequence retrieval
We used the VectorBase database to retrieve sequences from the
Anopheles gambiae genome (http://www.vectorbase.org). The
National Centre for Biotechnology information (http:// www.
ncbi. nlm. nih.gov/) and the Ensembl Metazoa Genome Browser

2.3.3 Prediction of conserved Anopheles gambiae (CYP6M2)
and Drosophila melanogaster (CYP6G1) putative TFs in the
promoter region (Consite)
In order to predict the conservation between the regulatory
regions of CYP6M2 gene (896 bp) and CYP6G1 gene (896 bp)
putative TFs in the promoter regions, the Consite tool was used
(http:// consite. genereg.net/cgi-bin/consite?rm=tinput) [24, 5].

(http://www.ensembl.org/ index.html) (Ensemble Metazoa
Genome Browser; National Centre for Biotechnology
Information). Furthermore, 5’ upstream region of (CYP6G1
(896 bp) in Drosophila melanogaster was also retrieved and
analysed along with the CYP6M2 promoter sequences using the
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base (http://flybase.org/reports/ FBgn0003513.html) for
Drosophila melanogaster (Dm) and VectorBase (https://
www.vectorbase. org/ Anopheles gambiae/Gene) for Anopheles
gambiae (Ag) data bases were used to search for AhR
orthologs.

2.3.4 Multiple CYP6M2 gene promoter peptide sequence
alignments
Multiple sequence alignments demonstrate conserved amino
acid sequences. The online gene sequence alignment tool
Vector base (http://www.vectorbase.org) was used to align
previously isolated Drosophila melanogaster, Aedes aegypti
and Culex quinquefasciatus 5’ upstream CYP6M2 sequence to
the reference Anopheles gambiae CYP6M2 sequence. DNA
sequence homology was further examined in terms of
percentage, using the ClustalW2 online tool from EMBL-EBI
(http:// www.ebi.ac.uk/) (EMBL-EBI). This programme aligned
the CYP6M2 promoter sequences earlier retrieved to produce an
alignment profile and a summary table displaying sequence
homology within all the selected species (EMBL-EBI).

2.3.5.2 Identification of Nrf2/ARE orthologs
In order to search for the orthologs of Nrf2/ARE in Anopheles
gambiae, we used the ensembl genome browser (http:// www.
ensembl. org/ Human/ Search/ Results?q=%20 Nrf2;%20y=%
203;site=ensemblall x=3;;page=1;facet_species=Human) was
used to search for the Nrf2 gene in Human.While Fly base
(http://flybase.org/reports/FBgn0262975.html) for Drosophila
melanogaster and (https://www.Vectorbase.org/Anopheles
gambiae/ Gene) for Anopheles gambiae data bases were used
to search for the Nrf2 orthologs.

2.3.5 Identification of Aryl hydrocarbon receptor (AhR) and
Nuclear
factor-erythroid
2-related
factor-2
(Nrf2)
orthologous and their receptors

3. Results
3.1 Phylogenetic tree of CYP6M2 gene sequence
To determine how conserved the Anopheles gambiae CYP6M2
gene sequence is between different species of insects, a
phylogenetic tree of the Anopheles gambiae CYP6M2 gene
sequence was obtained from Ensembl (Ensembl Genome
Browser).

2.3.5.1 Identification of AhR/ARNT orthologs
In order to search for the orthologs of AhR/ARNT in Anopheles
gambiae, we used the Ensembl genome browser
(http://www.ensembl.org/Multi/Search/Results?q=AhR;y=3;site
= ensembl all;x=3) to search for AhR gene in Human. While Fly

Fig 3.1: Phylogenetic tree of CYP6M2 gene sequence (Ensembl Genome Browser). The following tree was generated by Ensembl and takes gene
orthologs and paralologs into account. The phylogenic tree highlights “CYP6M2, Anopheles gambiae” in red font. Paralogues have been shown in blue.

Figure 3.1 shows the inferred evolutionary relationship between
various species based on CYP6M2 gene sequence similarities.
The Anopheles gambiae CYP6M2 gene sequence is the
reference sequence in this regard. This result indicates that the
Anopheles gambiae CYP6M2 gene sequence shares particular
homology with members of the Diptera order.

3.2 CYP6M2 promoter genomic sequence retrieval
An 896 bp sequence upstream of the CYP6M2 TSS was
retrieved from VectorBase. Upstream of this region is a large
transposable element (TE) upstream of CYP6M2 and we
hypothesise that promoter elements must be between this TE
and the TSS.

Fig 3.2: Shows image of the retrieved CYP6M2 promoter gene image indicating the CYP6M2 protein coding (Red boxes) entire forward and reverse
strands of 896 bp (Black arrows).

gambiae, Aedes aegypti, Drosophila melanogaster,
Culex quinquefasciatus and Homo sapiens showed similarity
using percent identity matrix (Table 3.1).

3.3 Promoter searching and analysis of Anopheles gambiae,
Aedes
aegypti,
Drosophila
melanogaster,
Culex
quinquefasciatus and Homo sapiens Cytochrome P450s: The
sequences comparison of 896 bp promoter region of Anopheles
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Table 3.1: Percent Identity Matrix - created by Clustal2.1
Gene ID
AAEL009496
AGAP008212
Fbgn0000473

AAEL009496
100.00
44.99
37.26

AGAP008212
44.99
100.00
36.18

Fbgn0000473
37.26
36.18
100.00

CPIJ016809
35.27
37.77
42.40

ENSG00000059377
35.18
36.79
40.75

Nucleotide homologies between CYP6M2 896 bp Anopheles gambiae (AGAP08212), Aedes (AAE009496), Culex (CPI016809) Drosophila (FBgn0000473) and Homo
sapiens (CYP5A1) species 896 bp promoters. Matrix indicates the percentage identities of aligned nucleotide identities between the Anopheles, Aedes, Culex, Drosophila
and Homo sapiens promoters.

Table 3.2: Shows the prediction of TSSs with upstream region in the cloned CYP6M2_Kis and CYP6M2_Tias
Promoter

Length
(bp)

TATA Box
position

(TSS)

(cPG count)

Ratio of
O/E

(%GC)

CYP6M2_Kis-1
CYP6M2_Kis-2
CYP6M2_Tias-1
CYP6M2_Tias-2

915
896
929
929

824
818
838
838

-97
-108
-50
-50

42
31
56
56

0.75
0.99
0.78
0.78

50.50 - 53.00
50.50 - 52.50
50.50 - 53.00
50.50 – 53.00

Key : Length in base pairs (bp), TATA Box position , Transcription start site (TSS)-position relative to the first coding base in the sequence, cPG count- Total cPG count
within the sequence, Ratio of observed over expected cPG dinucleotide and % G+C(GC content)=50.50- 53.00)

The cPG count is the number of CG dinucleotides. The
Percentage cPG is the ratio of cPG nucleotide bases (twice the
cPG count) to the length. The ratio of observed to expected cPG
is calculated according to the formula cited in [25].
Tables 3.3 and 3.4 show the prediction of putative CpG
dinucleotides was performed using the CpG finder at the
European Bioinformatics Institute (EMBL, http: //www.ebi.ac.
uk/) and the following parameters: CpG length >200 bp, G+C
>50% and a “CpG value” of at least 0.75. Further analysis of
promoter region and start prediction using McPromoter
invertebrate analysis tool) predicted the existence of a promoter
at position 360 and a TATA box at positions 824 bp, 818 bp,
838 bp and 838 bp for CYP6M2_Kis-1, CYP6M2_Kis-2,
CYP6M2_Tias-1 and CYP6M2_Tias-2 respectively.

cPG dinucleotide analysis by carrying out the cPG
dinucleotide search, we generated data on the cPG dinucleotide
content in the Tiassalé resistant and Kisumu susceptible strains
of Anopheles gambiae (Table 3.3). The region of cPG
dinucleotide content is more or less similar with each other,
although the length of the cPG is different from each other. The
GC contents of these strains range from 50.50- 53.00 %. The
transcription start sequence (TSS) of the susceptible and
resistant strains is different from each other with
CYP6M2_Tias-1 and CYP6M2_Tias-2 (871 bp) longer than
CYP6M2_Kis-1 (854 bp) and CYP6M2_Tias-2 (788 bp)
respective.

Table 3.3: Shows McPromoter invertebrate analysis of the CYP6M2 cloned sequences
Promoter
CYP6M2_Kis-1
CYP6M2_Kis-2
CYP6M2_Tias-1
CYP6M2_Tias-2

Length (bp)
915
896
929
929

TSS Positions
-861 -862
-821 - 822
-871 - 872
-871 - 872

Threshold
+0.06703
0.04599
+0.05115
+0.05115

by the highest threshold Figure 3.4) was identified as the most
likely location of a promoter element. The threshold used as a
promoter element was identified in all the four clones of
CYP6M2, predicted to lie within the CpG Island with a TSS at
nucleotides (861-862 bp), (-821-82 bp), (-871-871 bp) and
(-871-872bp)
for
CYP6M2_Kis-1,
CYP6M2_Kis-2,
CYP6M2_Tias-1 and CYP6M2_Tias-2 clones respectively
(Table 3. 3). The TSS has a predictive score of 0.00999, on a
range of -0.5 to 1 in which higher values indicate a greater
likelihood of promoter activity.

3.4 Prediction of putative promoter elements
McPromoter was used to search for promoter elements within
the Kisumu and Tiassalé clones. McPromoter is a probabilistic
promoter prediction system that identifies likely location of
eukaryotic RNA polymerase II transcription start sites (TSSs) in
large genomic sequences [11]. The McPromoter analysis
incorporates data on DNA structure and binding site
information thereby generating a graph that displays the
likelihood of a promoter occurring at each position. In each of
the cloned promoter regions within the CpG island (enclosed
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CYP6M2_Kis-1

CYP6M2_Kis‐1

CYP6M2_Tias‐2
CYP6M2_Tias‐1
Figure 3.4: McPromoter analysis of the 896 bp region upstream CYP6M2_Kis-1 promoter. Grey lines indicate the boundaries of CpG dinucleotides identified using the
UCSC browser (http://tools.genome.duke.edu/generegulation/McPromoter/). The height of the graph at any point indicates the likelihood of a promoter occurring at that
site, on a scale of -0.5 to 1 with 1 being optimal. The threshold used is for an intermediate sensitivity of 50%, for which the threshold range for all the clones is between
+0.04599 to +0.06703. However, the CpG dinucleotide content is identified as the most likely to contain a promoter element. Lowering the threshold will increase the
sensitivity and the number of promoters predicted, but will also increase the chance of false-positives.

between species can be used to predict functional TFBS.
Pairwise alignment and subsequent analysis have shown the
following transcription factor binding sites as being conserved
between the two species.

3.5 Prediction of conserved Anopheles gambiae (CYP6M2)
and
Drosophila
melanogaster
(CYP6G1)
putative
transcriptional binding sites (TBS) in the promoter regions
(Consite)
Previous studies have shown that sequence conservation

Figure 3.5: Sequence alignment and TFBS analysis of Anopheles gambiae (CYP6M2) and Drosophila melanogaster (CYP6G1) gene promoter using conservation
cut off Score of 30% and TF score threshold of 80% (Phylofoot.org). The Anopheles gambiae (CYP6M2 896 bp) and (CYP6G1 896 bp) promoter sequences were
reverse complimented (The Sequence Manipulation Suite). The “Analyze orthologous pairs of genomic sequences” tool (http://asp.ii.uib.no:8090/cgi-bin/
CONSITE/consite?rm=t_input) from ConSite was used to visualise TFBS conservation (Phylofoot.org). The sequences were transcribed into the ConSite tool and the
AhR/ARNT and Nrf2/ARE were selected to produce the above grap.
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A

B
Fig 3.6: A - Amino acid alignment of FBgn0262975 (CnCC) sequences Drosophila melanogaster (Dm), with AGAP005300 Anopheles gambiae (Ag) and
ENSG00000116044.11 (Nrf2) Homo sapiens (Hs) species. Where * indicate identical residues; conserved substitutions; Semi-conserved substitutions. The alignment was
performed using ClustalX (http://www.ebi. ac.uk/). Dashes are used to denote gaps introduced for a maximum alignment. B - Amino acid alignment of FBgn003513 (ss)
sequences Drosophila melanogaster (Dm), with AGAP010259 Anopheles gambiae (Ag) and ENST000242057 (AhR) in Homo sapiens (Hs) species. Where * indicate
identical residues; conserved substitutions; Semi-conserved substitutions. The alignment was performed using ClustalX (http://www.ebi.ac.uk/). Dashes are used to denote
gaps introduced for a maximum alignment.

3.7 Putative transcription binding sites found along
Anopheles gambiae at 70% cut off score

‐885‐890 bp

‐349‐359 bp

‐33‐42 bp

‐6‐11 bp

Fig 3.7: TFBS analysis on 897 bp CYP6M2 promoter. Reverse compliment (http://www.Bioinformatics.org /sms/ index.html) was performed on the sequenced
CYP6M2.The reverse compliment sequence was analysed using the “analyze single sequence” tool available from ConSite (Phylofoot.org,). Sequence analysis at 70% cut
off score or stringency revealed 49 AhR/ARNT and Nrf2/ARE specifically selected TFBS at specified positions. A total of 49 AhR/ARNT and 10 Nrf2/ARE putative
transcription binding sites were found within the 896 bp CYP6M2 gene.
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Table 3.4: Shows the results of the orthologous for AhR/ARNT and Nrf2/ARE of Homo sapiens in Drosophila melanogaster and
Anopheles gambiae.
Mammalian
AhR
ARNT
Nrf2
Keap 1

Drosophila melanogaster
ss
Tgo
Cncc
Keap 1

Anopheles gambiae
AGAP010259
AGAP009748
Nf2e1
AGAP003645

Key: AhR (Aryl hydrocarbon receptor), ARNT (Aryl hydrocarbon nuclear translocator), Ss (Spineless), Tgo (Tango), Nrf2
(Nuclear factor erythroid 2 –related factor 2), CnCC (Cap ‘n’ collar isoform C), Nf2e1 (Nuclear factor erythroid 2 invertebrate)
Table 2.4 Shows the orthologs to AhR in higher mammalian as
spineless (ss) and AGAP010259 in Drosophila melanogaster
and Anopheles gambiae respectively. Whilst Tango and
AGAP009748 are the orthologs to ARNT in higher mammalian.
Similarly, orthologs to Nrf2 in higher mammalian are CnCC and
Nf2e1 in Drosophila melanogaster and Anopheles gambiae
respectively. Whilst Keap 1and AGAP003645 are orthologs to
Keap 1 in higher mammalian.

of Homo sapiens AhR/Nrf2 and their orthologs in Drosophila
melanogaster and An. gambiae show significant degree of
conservation in a number of regions (Figures 3.5 A and B).
According to the Bioinformatics analysis of An. gambiae
Cytochrome P450 related genes including CYP6M2, significant
progress in understanding the complex process of regulation of
this gene by AhR (AGAP010295) and Nrf2 (AGAP005300)
have been achieved. It appears that this work only focuses on
CYP6M2, but the significance of the work is far more important
than the CYP6M2 itself. The approach in this work can be
carried out with other Cytochrome P450 genes to gather more
information on the pathways involved in the regulation of genes
involved in the metabolism of insecticides. This research
therefore is a fundamental work in the fields of the bio
informational analysis, and also put forward a new way for the
bioinformatics analysis of other detoxification genes.

4. Discussion
The focus of this study was to understand the molecular
mechanism involved in the regulation of CYP6M2,
characterization of its promoter sequence and searches for
potential regulatory elements were made. The recognition of
these transcription factor binding sites (TFBSs) has the potential
to improve knowledge on how wild populations of Anopheles
gambiae become resistant to insecticide and are activated by
different endogenous and exogenous challenges. Anopheles
gambiae genomic resources were used to assess the 5’ upstream
region hypothesised to contain the promoter region of CYP6M2,
a gene associated with the detoxification of insecticides
including permethrin [26, 2]. Bioinformatic analysis of the
CYP6M2 represents the characterization of this gene that
performs important functions in the metabolism of insecticides
resistance. Conserved putative TFBS within the cloned and
sequenced Anopheles gambiae promoter were identified.
Transcription factors in their active form have the ability to bind
to the putative TFBS. To establish the differences between the
pJET-CYP6M2_Tias and pJET-CYP6M2_Kis promoters, two
separate analysis were carried out to firstly predict the position
of the promoter, TATA Box and Enhancer sequences, and
secondly to predict the position of CpG dinucleotides in the
cloned and sequenced DNA. Consistent with the previous
reports, several putative GATA binding sites, recognized as a
positive regulatory element in several invertebrate genes were
observed in all the promoter regions of the four constructs
[27,19]
.The CYP6M2 sequence contains a number of CpG
dinucleotide , TATA BOX and a promoter sequence. cPG
dinucleotides could stimulate gene expression under gene
expression in several ways due to their binding affinity to
powerful transcription factors such as Sp1 [21]. Organisms such
as the invertebrates Drosophila melanogaster and
Caenorhabditis elegans and the fungus Saccharomyces
cereviceae have little or no DNA methylation and, as a result,
CpG dinucleotides occur at the expected frequency throughout
the genome [28]. DNA methylation in invertebrates is associated
with transcription level, alternative splicing, and genome
evolution [29]. Our findings are in accord with the conclusions
that ‘The promoters of vertebrate and invertebrate organisms
differ in that invertebrate genomes do not contain cPG islands, a
feature for more than half of vertebrate genes’ [25]. Comparison

5. Conclusions
The present findings established insilico presence of putative
AhR/ARNT (AGAP010295/AGAP009748) and/or Nrf2/Keap 1
(AGAP005300/ AGAP003645) binding sites in Anopheles
gambiae .This potentially suggests that CYP6M2 is under the
control of Nrf2 through ARE and or AhR through Dioxin
response element (DRE) in the 5’ –flanking region. Thus we
propose that AhR/ARNT/ or Nrf2/Keap 1 pathways are involved
in the cellular network that maintains redox homeostasis in
order to protect cells from oxidative stress induced by their
respective ligands. Verification could be made by subsequent
wet lab experiments such as Dual luciferase assay and/ or
Quantitative polymerase chain reaction (qPCR).
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