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 The Anopheles gambiae’s CYP6Z3 protein belongs to the Cytochrome P450 family and 

functions in oxidation-reduction processes, many studies including our previous work on 

elucidating insecticide resistance genes of the Anopheles also implicated her in pyrethroid 

insecticide resistance. Model prediction, functional analysis, and enrichment of the target 

gene with triplex binding sites may become a useful diagnostic biomarker for the disease 

subtype, but wrong classification of the model by various existing alignment algorithms is 

a daunting issue that complicates and misleads in decision making during pathway and 

functional analysis. The aim of this study is to predict five in-silico model of CYP6Z3 

Anopheles protein by homology modeling, evaluate and classify them to elucidate the 

performance of the sequence alignment algorithm deployed, then characterize the top 

model that is correctly classified. Template selection from three alignment algorithms with 

sequence of the target-protein, (Anopheles-CYP6Z3) obtained from UNIPROT served as 

input, Clustal omega and Clustalw2 algorithms was used to generate alignment files for 

homologous template search to the target-protein. Best template was sought, and the 3D 

model built in an-automated-mode. PROCHECK was used to evaluate the best-of-the-five-

obtained models. Estimating the quality of all models, the prime model emerged from 

ClustalW2 alignment algorithm, but was wrongly classified as a homo-tetramer-state. 

These provided a misleading-information which was revealed during model evaluation and 

interpretation, that resulted to an inappropriate pathway and functional-analysis, false 

positive model was then isolated, and the current best model emerged from clustalo 

alignment algorithm having 87.7% amino residues in the most favorable regions, 

0.7% in the disallowed regions at monomer oligo state. Functional analysis of the best 

Anopheles CYP6Z3 secondary structure showed characteristics that explain the different 

degrees of genetic regulation translating to resistance mechanism in the malaria vector. 
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1. Introduction  

The Anopheles gambiae CYP6Z3 protein is a member of 

Cytochrome P450 protein family functioning in oxidation-

reduction processes. It has the VECTORBASE Annotation ID 

AGAP008217, primary (citable) accession number Q86LT6 and 

entry name Q86LT6_ANOGA. It has a sequence length of 492AA 

and is located on Chromosome 3R: 6,971,669-6,973,290. It has a 

mass of 56,490(Da) [1], [2]. It has been implicated in pyrethroid 

resistance [3].  

The CYP6Z3 protein is expressed during the mosquito’s larval 

stages [4], this protein belongs to the Cytochrome P450 family and 

functions in oxidation-reduction processes. The P450 is a large 

family that plays critical role in xenobiotics detoxification or 

activation. Instances are insecticide detoxification in the West 

African Anopheles gambiae [5]. 

Over 30 species of Anopheles transmit malaria 

(http://www.cdc.gov/malaria/about/biology/mosquitoes/), hence 

identification of resistance mechanisms in other species is a focus 

of many researches.  Anopheles funestus is the next as a major 

malaria vector in Sub-Saharan Africa. When quantitative trait loci 

(QTL) are considered, several genes are strongly associated with 

pyrethroid resistance in A. funestus, this include our target protein 

CYP6Z3 [6]. In a recent study, genes transcripts from the four 

known detoxification genes family, (cytochrome P450s, 

glutathione transferases, carboxylesterases and UDP 

glucornyltransferases were reported to be generally enriched in the 

midgut and malpighian tubules of A. gambiae. Recently, 
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Cytochrome P450 proteins were reported to have developed 

different levels of resistance to multiple insecticides [7]. 
Specifically, the CYP6Z3 family was found to be highly enriched 

in the malpighian tubules consistently with its role in detoxification 

[8].  

The malpighian tubules therefore display roles similar to liver 

of vertebrates, kidney and their immune system.  Despite the wide 

distribution of detoxifying enzymes in insects, baseline 

mechanisms protecting vectors against insecticides is resident 

mainly in the excretory canal (system) of the insect's, which 

corresponds to less than 0.1% of its total mass [9]. 

1.1. Theoretical framework 

Homology modelling, also called comparative modelling is the 

central concept of relative and trans-mutative biology. It is the 

existence of morphological structures and features in various 

species or organisms linked by sharing common ancestor. 

Homology was invented in the nineteenth century and found to be 

phylogenetic in nature and well rooted in comparative practice even 

before the invention of evolution theory by Darwin [10]. It is 

believed that various developmental mechanisms are responsible 

for formation of homologous structure, however, varying specie 

may have anatomical structures with same or different characters, 

featuring similar shape, internal structure, and function, but may 

only be closely related species by taxonomic link in different 

mammals. The idea of homology originated with the recognition 

that the same structures exist in less closely related species 

(mammals and birds, or even mammals and fish) and that the 

sameness of morphological (body) units is independent of their 

function and form [10], [11]. Figure 1 depicts the flow diagram of 

the conceptual framework of this research. 

 

Figure 1: Conceptual framework of homology modelling [12] 

The theoretical model is a molecular model premised on the 

notion that if two proteins possess a high sequence similarity, they 

will most likely have highly similar three-dimensional structures. 

To select the best template, a search for homologous Protein that 

has experimental structure by empirical methods by X-ray 

crystallography, nuclear magnetic resonance (NMR), or cryo-

electron microscopy, existing on Protein Data Bank (PDB) [13].  

2. Experimental 

The method deployed was adopted from [14]. The FASTA 

format sequence of the target protein CYP6Z3 of the Anopheles 

was retrieved from UNIPROT database, (UniProt entry Q86LT6).  

2.1. Template Selection 

BLAST Program [15], blastp variant was used to the search for 

homologous sequences within Protein Data Bank (PDB) database 

[16]. The BLAST search returned many sequences that were 

homologous with the target sequence but only one was selected as 

the template. 

2.2. Selection Criteria 

Sequence identity of 30% or more was considered. Generally, 

the homologous sequences returned had low sequence identity 

between 19%-33%. E-value less than 0.001 and query cover above 

50% were also considered. Potential templates were filtered based 

on these criteria and the atomic resolution of their experimentally 

derived 3D structures as viewed from PDB. Structures that failed to 

meet one or more of these criteria were excluded and the protein 

with accession 1TQN_A was selected as the template, with query 

cover 96%, E-value 2e-68 and sequence identity 31%. It has a 

medium atomic resolution of 2.05Å and was determined by X-ray 

crystallography. The 1TQN_A protein is a crystal structure of the 

human microsomal P450 3a4. It has a sequence length of 486AA. 

It is also a Cytochrome P450 enzyme functioning in oxidation-

reduction processes. The sequence for the template was 

downloaded directly from the BLAST webpage in the fasta format.  

2.3. Sequence Alignment 

In [17], [18], the authors were used to perform sequence 

alignments for the target sequence and template sequence using the 

default settings. The resulting .clustalw2 and .clustalo files were 

downloaded to serve as an input files for the next step.  

2.4. Building the Model 

Swiss Model Server in [19], was deployed for building the 3D 

structure of the target protein. 

3. Results 

This study modelled five (3D) secondary structure of the 

Anopheles protein, CYP6Z3 by homology modeling, evaluated, 

classified, and compared their classified features to gauge how the 

sequence alignment algorithms rates the features of each of the 

model. The purpose of comparison was to reveal the best of the 

five models and elucidate possible errors in the features of their 

secondary structure, the evaluation result detected a wrong 

classification error in the supposed best structure, while other 

features are correctly classified. If the structure with error is the 

only one modelled and validated, performing further analysis such 

as functional characterization and pathway analysis based on the 

result built with error may result in misleading result hypothesis 

and fatal conclusion.  

Clustal omega and Clustalw2 algorithms was used to 

generate alignment files for homologous template search to the 
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target-protein. The final correctly classified result of the best 

CYP6Z3 Anopheles gambiae secondary structure was 

functionally analysed, the result revealed the different degrees of 

genetic regulation translating to resistance mechanism deployed 

to pyrethroid class of insecticide by the malaria vector, Anopheles.  

3.1. Using .clustlaw Alignment File 

 The “Alignment Mode” was used where the target-template 

alignment from Clustalw2 was submitted to the server. The server 

generated a model built with template 1tqn.2.A (Table 1).  

Table 1: Features of model from template 1TQN.2.A with Clustal W2 alignment file 

Templat

e 
Seq ID Oligo-

state 
Metho

d 
Seq 

similarit

y 

Coverag

e 

1tqn.2.A 30.30

% 
Homo-

tetrame

r 

X-ray, 

2.05Å 
0.36 0.96 

3.2. Using .clustalo Alignment File 

First, the “Alignment Mode” was used where the target-

template alignment from Clustal Omega was submitted to the 

server (TABLE 2). Next, the “Automated Mode” was used where 

another entry was submitted into the server with only the target 

protein as input data, allowing Swiss Model Server to search 

through databases for its template(s) of choice (TABLE 3). 

3.3. Alignment mode 

Table 2: Features of model from template 1TQN.1.A with Clustalo alignment file 

Template Seq ID Oligo-

state 

Method Seq 

similarity 

Coverage 

1tqn.1.A 30.85% Monomer X-ray, 

2.05Å 

0.36 0.96 

3.4. Automated mode 

The server found 50 templates and built 3 models 

Table 3: Features of the three models from automated mode 

Built Templat

e 

Seq 

ID 

Oligo-

state 

Metho

d 

Seq 

similari

ty 

Covera

ge 

Mod

el 1 

1tqn.1.

A 

30.85

% 

Monom

er 

X-ray, 

2.05Å 

0.36 0.96 

Mod

el 2 

4k9w.4.

A 

30.19

% 

Monom

er 

X-ray, 

2.4Å 

0.36 0.95 

Mod

el 3 

3ua1.1.

A 

30.19

% 

Monom

er 

X-ray, 

2.15Å 

0.36 0.95 

From the models generated, it was observed that using 

Clustalw2 for sequence alignment, the model was predicted to be a 

homo-tetramer while for Clustal Omega, all models were predicted 

to be monomers. Also, both alignment modes (i.e from .clustalw 

and .clustalo files) generated structures for 1TQN_A proteins 

(1tqn.2.A and 1tqn.1.A respectively). It was hypothesized that these 

two proteins were more closely related based on their coverage of 

0.96 although they differed in sequence identity compared with a 

similarly named model (1tqn.1.A) built via automated mode which 

had a coverage of 0.95.   

3.5. Model evaluation 

PROCHECK [20], [21] generated the Ramachandran plot, this 

plot was used to validate the built models (Figures 2, 3, 4, 5, 6). 

Table 4: Ramachandran plot interpretation for the modelled structures (result 

validity table) 

Source Alignment 

mode 

PDB 

SUM 

Most 

favoured 

regions 

Disallowed 

regions 

Cluster 

W2 

Alignment 

1tqn.2.A d839 

(Figure 2) 

87.9% 1.2% 

Cluster O 

Alignment 

1tqn.1.A d860 

(Figure 3) 

87.7% 0.7% 
 

Automated 

mode 

1tqn.1.A d861 

(Figure 4) 

80.9% 1.4% 

Automated 

mode 

4k9w.4.A d862 

(Figure 5) 

83.2% 1.7% 

4. Discussion 

From the above tables, as hypothesized, the structures derived 

from Clustalw2 and Clustal Omega sequence alignments were 

similar, having the highest percentage of residues in the most 

favored regions than every other model generated via the automated 

mode (TABLE 4). All the structures built represented the same 

protein, but clustalw2 ‘misinterpreted’ it to be a homo-tetramer 

protein. Clustalw2 model would have been the best with 87.9% 

amino acid residue highly deposited in the most acceptable region 

and 1.2% deposit in the disallowed region, but since it could not 

classify the protein appropriately into a monomer oligo state, where 

the protein family belongs, the result was disregarded and could not 

be considered for further functional analysis and quality scrutiny.  

This shows that the quality of the choice of template sequence 

used as input data into any modelling server, Swiss model in this 

case, is very important. For the automated mode, the 3ua1.1.A 

model was the best with the highest percentage of residues in the 

most favored/ acceptable regions. Comparing this with those 

obtained via alignment mode, the model 1tqn.1.A generated from 

.clustalo (Figure 8) alignment file with Ramachandran plot (Figure 

3) respectively was the overall best structure having 87.7% amino 

residues in the most favorable regions and 0.7% residue deposits in 

the disallowed regions. All model proteins derived from both 

alignment and automated modes are in Figures (7, 8, 9, 10, 11). 

 
Figure 2: Ramachandran plot of Figure 7 
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Figure 3: Ramachandran plot of Figure 8 

 

Figure 4: Ramachandran plot of Figure 9 

 

Figure 5: Ramachandran plot of Figure 10 

 

Figure 6: Ramachandran plot of Figure 11 

4.1. Alignment mode 

In [22], the author used to summarize the statistical details of 

the prime model (1tqn.1.A from alignment mode), while  SaliLab 

Model Evaluation Server (ModEval) was also used to  estimate the 

quality of the best model. The model from ClustalW2 alignment 

algorithm came up as the best model, but the alignment algorithm 

wrongly classified the model to be at homo-tetramer-state. These 

provided a misleading information which sufficed during result 

interpretation and model evaluation, these resulted to inappropriate 

pathway and functional characterization, until model with false 

positive classification was isolated and the real true positive model 

emerged the best model and was characterized. 

 

Figure 7: 1tqn.2. A 

 

Figure 8: 1tqn.1. A (Best of all Models) 
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Figure 9: 1tqn.2. A 

 

Figure 10: 4k9w.4. A 

 

Figure 11: 3ua1.1.A 

5. Conclusion 

In this work, the best model was obtained by comparing the 

modeled structures produced by clustalo and .clustalw alignment 

files, meaning that the 3D-models produced by the two alignment-

modes were very-similar, having a high-amino-residue-percentage 

deposited most favored-regions on the Ramachandran-plot than the 

model by the SWISS-automated-mode. Meticulosity and 

carefulness in the selection of procedure for analysis and choice of 

criteria for template protein selection from the avalanche of 

selectable criteria is an explorable virtue that can be deployed to 

avoid performing further analysis on true negative errors and 

interpreting false positive results. Our result showed that the quality 

of structure predicted by in-silico modeling cannot be over 

emphasized. Results showed that the 3D-model generated from 

template-protein-(1tqn.2.A), by Clustalw2-alignment and 3D-

model generated from template-protein (1tqn.1.A ) by Clustal 

Omega alignment were similar, having a high amino residue 

percentage deposited at regions that are most favored on the 

Ramachandran plot than the rest of the models generated via the 

automated mode. MolProbity for statistical analytics-summary and 

SaliLab-Model-Evaluator (ModEval) estimated the quality of the 

prime/leading model and evaluated the model from ClustalW2 as 

the best model, but wrongly classified the protein into a homo-

tetramer state. These provided a misleading information which 

suffice during results interpretation, hypothesis generation and may 

result to inappropriate pathway and functional analysis. This matter 

in decision making during interpretation of result. it goes a longer 

way to determine not just the quality of the outputted target or 

modelled structure, but also considered aptly in taking decision to 

elicit the quality of the predicted functions of the target proteins, 

even in taking hypothesis while interpreting the output model as 

result, researcher may be misguided if an appropriate criterion was 

not considered during template selection on BLAST search. The 

role of CYP6Z3 in physiological processes including hormone and 

pheromone metabolism as well as insecticide detoxification, 

especially of pyrethroid, in Anopheles gambiae was also deduced. 
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