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Abstract—the CYP12F4 protein is a member of the
Cytochrome P450 super-family of monooxygenanses, a
large and diverse group of enzymes that catalyzes the
oxidation of organic substances and metabolic reactions.
It is found in the female African mosquito Anopheles
gambiae (A. gambiae) that carries and transmits the most
deadly malaria parasite, Plasmodium falciparum (Pf).
Presently experimental structure is not available for this
protein; it has thus remained uncharacterized with
unknown function. This work employs in-silico methods
to predict the structure of this metabolic catalyzer and
further deduced a specific function for the same protein.
Using 6 template proteins, 29 residues were modeled with
homology. Several web servers were deployed to
predict a computational model for CYP12F4. GOPET web
tool was finally used to deduce the unique function of this
protein. The folds were identified and analyzed and the
protein was specifically found to be active in binding of
molecules with 86% confidence value with various
catalysis activities. 21 helices, 6 strands, 51 beta turn and 348
hydrogen bonds were elucidated and analyzed on the
structure. Several literatures have confirmed these
findings. CYP12F4 is a heme and iron ion binding
protein that carries heme and catalyses the incorporation of
one atom from molecular oxygen into a compound and
reduces the other atom of oxygen to water. A deep
understanding of these properties of heme and its binding
with respect to CYP12F4 protein is vital in malaria control.

Index Terms—protein structure prediction, homology,
protein structure, protein function, template, cytochrome P450

I. INTRODUCTION

Anopheles gambiae is the female mosquito of the
gambiae specie that carries human malaria parasite
P.falciparum. The following characteristics makes
Anopheles gambiae the primary vector of malaria, they
include: rapidly colonizing small  pools of rain
water, harbouring the parasite P falciparum in its
body under a wide range of environmental conditions,
its acute anthropophilic nature, feeding on humans and
resting indoors i.e about 95% indoor resting catch in
Kenya [9]. The parasite P.falciparum is transmitted to
humans through a bite from the vector 4. gambiae. This
mosquito is highly dominant in tropical African regions
due to the environmental conditions which favours its
reproduction and survival.

Malaria 1s the disease caused by the parasite
P.falciparum, carried by A. gambiae. According to
(W.H.O, 2014) there were 198 million malaria cases and
an estimated 584,000 malaria deaths, affecting mostly
children under the age of 10. Pregnant women are also at
risk of this disease when they are immune-suppressed
and this causes miscarriage, still birth and maternal death
in pregnant women. Most of the feeding by the mosquito
is done at night and dawn, when the host is at rest. Anti-
malaria strategies like insecticides have been in place for
years till date to control the transmission of this disease
but haven’t been efficient. The mosquito has built
resistance over time to these insecticides.

A.gambiae i1s made up of several proteins which
include cytochrome P450 sub-family of monoxygenases,
which are oxidoreductase enzymes that catalyze the
oxidation of organic substances and metabolic reactions
of endo and exogeneous compounds. Cytochrome P450s
are hemoproteins, they partake in the synthesis and
degradation of the mosquito’s hormones and
pheromones. 4. gambiae PA50 are microsomal enzymes,
thus require flavoprotein NADPH cytochrome P450
reductase as electron donor. 4. gambiae cytochrome
P450s have been implicated in insecticide resistance and
malaria infection [4].

The CYP12F4 belongs to a sub-family (F4) in the
large family of cytochrome P450s and is found in the
Anopheles gambiae mosquito. Presently experimental
structure for this protein has not been resolved, which
hence little knowledge about its function and activities in
A. gambiae 1s exists. According to [4], CYPI2F4 a
mitochondrial cytochrome P450 has been implicated in
response to malaria infection, but its function and
activities remain unclear. CYP12F4 is an enzyme and it
has been found in metabolizing deltamethrin which is
used in the production of insecticide-treated bednets and
also implicated in xenobiotic detoxification [2]. The
molecular function and biological process of a protein
can be derived from its structure. Protein structure
prediction deals with resolving the structure of the target
protein. The structure of a protein can be generated
experimentally (NMR, X-ray crystallography and Cryo-
Em) or computationally (ab initio, fold recognition and
homology  modeling). Computationally  predicted
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structures exits for the target protein CYP12F4, but of
low structural quality and functional relationship.

The objective of this paper is to predict the 3D
structure of the target protein CYPI2F4 using
computational methods and show the structural
properties and features of this enzyme in confirmation to
its implicated activities, role, molecular function and
biological process in 4. gambiae.

II. RELATED WORK

Protein structure and function prediction is a very
crucial study in cell biology, proteomic and drug
therapeutics as well. Research has been carried out in
this field from literature and has produced good results.
A very recent work from [27] showed the use of
phylogeny (evolutionary relationship to analyze all
CYPs in Tribolium Castaneum with genes in other
insect species to deduce genetic evolution and function
of T. Castancum CYP gene family. The integrated use
of annotations, molecular modeling, docking,
phylogenetic analysis, gene expression revealed 143
CYPS in T. casteneum which may contribute to
insecticide resistance in beetle. Their work also provided
insights into the evolution of T. Castaneum CYP gene
superfamily and developed a valuable resource for
the functional genomics research necessary for
understanding the strategies employed by insects in
coping with their environment and to harness potential
insecticides targets for pest control. Homology modeling
was also used by [16] to model three CYPs (CYP6AAS3,
CYP6P7 and CYP6P8) implicated in insecticides.
Modeling of these structures showed  better
understanding about different substrate preferences
among the enzymes, variations among predicted
substrates channels and geometry of active site was
the reason behind their pyrethroids binding differences
(i.e. differences in their active sites structure may impact
substrate binding and selectivity). Their result showed that
the differences in metabolic activities in insect P450 can
attribute to structural differences responsible for
selectivity in their activities against insecticides. They
concluded by saying that the predicted models may be
used to explore target P450 inhibitors and in
the analysis of the binding and metabolism of
insecticide compounds that have potential for use in the
control of A. gambiae. Similar study [22] involved
the wuse of homology modeling (comparative
modeling) to infer the structure of a cytochrome
P450 enzyme (AnCYPOR) with rat as template
(CYPOR). Detailed analysis revealed major differences
in FMN-and FAD/ NAD(P) H binding domains that
might lead to (differences in enzymatic properties and
catalysis of mosquito CYPOR from mammalian CYPOR
(rat), also mutagenesis study showed that C427 supports
FAD binding in AnCYPOR and that NAD(P) H binding
and catalysis differs from mosquito and rat.
Computational approaches have proved to be faster, cost-
elfective and eflficient than experimental methods from
these related works.

Other approaches not peculiar to structure protein
structure prediction have been used for in-depth analysis
of the target cytochrome P450 protein at metabolic and

catalytic level. The combination of molecular modeling
and quantitative structure-activity relationship (QSAR)
study by [15] was used to understand the factors that
determine substrate selectivity and binding to the
human drug metabolizing P450s. Detailed review by [4]
expatiated on the general structure of P450
Cytochromes, role of Cytochrome P450s in A. gambiae
as detoxifying enzymes, highlighting the link between
A.gambiae P450 cytochrome and insecticide resistance,
response to malaria infection in P. berghi and P.
Jalciparum invasion [4]. Further details showed that
effect of chloroquine (in the abundance of transcripts
responsible for encoding proteins involved ina variety
of processes) including P450 cytochromes (CYPILI,
CYP304B1 and CYP305A1) expressed differently in a
blood meal containing P. berghi. In relation to
insecticides resistance Pyrethroid resistance has been
detected in the 4. gambiae [16] due to a combination of
target site  insensitivity and increased oxidative
metabolism, catalyzed by P450s cytochrome.

III. MATERIALS AND METHODS

The workflow for this paper is shown below in Fig. 1,
the protein sequence of the target was downloaded from
Uniprot web-server in FASTA format.
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Fig. 1. research workflow

A BLAST was done on NCBI web server with the
target protein against protein databank server to identify a
closely related i.e. homologous protein (template). The
template that was identified was a 3K9V (crystal structure
of rat mitochondrial P450 24A1 S57D in complex with
CHAPS). SWISS-MODEL web server was used with the
template to predict the structure on target-template mode
[18]. SWISS-MODEL uses homology modeling, thus
Phyre2 was glso used with the same identified template to
predict a snﬁcture, which uses ab initio technique [11]. I-
TASSER a hierarchical method that involves protein
threading was used to predict a structure also [17]. A
selected template from the BLAST was used to predict the
final model based on the accuracy and reliability of the
BLAST algorithms at NCBI. The target sequence was
aligned against the structure (secondary and tertiary) of
the template to produce a model. An automatically
selected template by these tools was also used to compare
the selected template (3k9v) as proof. Basically the tools
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used in predicting the structure of the target protein were
selected from the top 5 ranked web servers on Critical
Assessment of Techniques for protein Structure Prediction
(CASP 10) website for high performance, these includes
Phyre2, I-TASSER and SWISS-MODEL.

The structures generated from these different tools
were compared with PDBSUM a webserver at EBI
website. PDBSUM counts the amount of alpha helices,
beta sheets, turns; motifs present in the secondary
structure of model and it gives a summary of the key
information of macromolecular structures. [14]. JMOL is
a protein structure visualization software; it was used to
visualize the generated structures. The structures were
accessed using PROCHECK a tool under PDBSUM,
which checks the stereochemical quality of the structures
by generating a ramachandran plot of the torsion phi and
psi angles of the amino acid residues in the structure [18].
Ramachandran plot is a way of visualizing the backbone
structure of polypeptides, using datapoints in a graph as
shown in figure 2c. Ramachandran plot calculates the
percentage of amino acid residues in the favoured and
allowed region which is at the top right and disallowed
region where outliers are located, which is bottom right.
Residues that are functionally relevant to the structure
must lie in the allowed regions. Ramachandran plot was
used as criteria for evaluating the generated structures and
the structure with the highest percentage of amino acids
concentration at the allowed region was selected as the
best model [9].

Protein function was predicted with GOPET, it
provides biological process and molecular functional
annotation based on Gene Ontology, performs homology
searches on GO-mapped protein databases and predictions
with confidence values through SVM [21]. The predicted
functions were checked on QuickGO at EBI for
correctness. [-TASSER was used along with GOPET to
predict functions for the target protein. I-TASSER
predicts functions by threading 3D models through
BioLiP database and other state of the art algorithms [17].
From the various predicted functions, the unique
molecular function of CYP12F4 was selected and it was
heme binding at 86% confidence level on GOPET. The
features and characteristics of CYP12F4 which is
substrate binding site, cytochrome reductase/cyp b5
binding site, heme binding site and NADPH-binding site
were identified in the predicted structure. Structural
alignment was carried out on the predicted model; 3D-
BLAST [20] at BioXGEM was used to search for related
structures and the molecular function of the most related
structure was compared with that of the CYPI2F4
(predicted function). This was used as a validation that the
predicted function of CYP12F4 was correct, the related
structure was the crystal structure of rat mitochondrial
P450 24A1 S57D i complex with CYMAL-5. The
structural alignment of the target protein model and that of
the crystal structure of rat mitochondrial P450 24A1 S57D
chain B was at 0.64A RMSD, 7.9 Z-score, aligned length
was 422 and sequence identity was 33.2%. The related
structure and the target protein model were later aligned
together for more structural analysis with Dalilite at EBI
web server.

IV. RESULTS

The final selected model is shown in figure 2a below
gotten from SWISS-MODEL. It shows 2 sheets, 2 beta
hairpins, 1 psi loop, 1 beta bulge, 6 strands, 21 helices, 32
helix-helix interacs, 51 beta turns, 2 gamma turns.

Jmol

Fig. 2. final model

Alpha helices are in pink colour, sheets are in yellow.
The ligand binding site was predicted with 3D-ligand
binding site, it shows the. The ramachandran plot by
PROCHECK is shown in figure 2c¢ below. 88.2% of the
343 amino acids residues in the final model lie in the most
favoured regions of the plot, labeled A,B,L at positions 90
to 180, 0 to -90 and 0 to 90 (psi degree) and -45 to -180, -
45 to -180 and 90 to 45(Phi degree) respectively. 9.8% of
38 amino acids residues lie in the additional allowed
regions, labeled a, b, 1 and p. 1.3% of 5 amino acid
residues lie in the generously allowed regions and 0.8% of
3 amino acid residues lie in the disallowed regions labeled
XX. 33 Glycine residues, 29 Proline residues and 389
non-glycine and non-proline residues making a total of
453 residues in the final structure.

The ligand binding site of the final model is shown in
grey colour in Fig. 3. below.

Jmol

Fig. 3. Ligand binding site
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Fig. 4. final model ramachandran plot

GOPET predicted heme binding 86% confidence
level, catalytic activity 83% confidence level (molecular
function) and QuickGO revealed biochemical process of
oxidation-reduction, molecular function of
monooxygenase activity, iron ion binding, oxidoreductase
activity acting on pair donor, with incorporation of
reduction of molecular oxygen and electron carrier
activity.

The heme binding site of the final structure showing
the iron ion was predicted by 3DLigandSite, it shows the
iron ion binding site in Fig. 5. below and the iron in
orange colour.

Jmol

1g. 5. heme bindmg site of fimal model

The structural alignment of molA of final model and
molB of related structure as displayed by Dalilite is shown
below in figure 2 (e) with Z-score of 51.6, 422 number of
equivalent residues and 0.7 RMSD.

Fig. 6. structural alignment

The pink colour represents the final model and the
yellow colour represents the related structure (rat
mitochondrial P450 24A1 S57D in complex with
CYMAL-5). The heme binding site is visible in Fig. 6.
above gotten from 3D-BLAST at BioXGEM.

V. DISCUSSION

The structural alignment between the final model and
the related structure confirms that the chain A of the
predicted structure of the target protein is related to the
experimental chain B structure of rat mitochondrial P450
24A1 S57D in complex with CYMAL-5 structurally and
functionally. Both structures (chain A and B) have the
same molecular function which is monooxygenase
activity, iron ion binding, heme binding, oxidoreductase
activity to name the top 4. The heme binding function
relates to the heme binding site of CYP12F4 predicted
structure in Fig. 5. and the heme binding characteristics of
cytochrome P450s. From literature unique features of the
CYPI12F4 protein which includes its substrate binding
sites (at the F, R, V, I, 400 position), cytochrome
reductase/cyp b5 binding site, heme binding site (Ligand
Heme name: HEME B, PROTOPORPHYRIN IX
CONTAINING FE  with  chemical  formular
C34H32FeN404) and NADPH-binding site which is the
source of electron transfer [8]. These are peculiarities to
the family of cytochrome P450s. CYPs have shown
resistance to organic compounds like insecticides and sub-
family members of CYP12F4 have been implicated in this
[4]. The most highly conserved regions among P450s lie
between the I and L helices, and are involved in heme
binding. The heme of P450s is covalently bound to an
invariant cysteine, which is enveloped by a B-bulge
region called Cys-pocket (located at position 457 to 470)
and meander loop located from position 428 to 436 from
Phyre2 analysis. Three residues besides the cysteine are
very strictly conserved, two Glycine (is in a position that
allows the formation of the f-hairpin turn, it serves two
roles: allowing for a sharp turn from the Cys-pocket into
the L helix and for proximity to the heme) and one
Phenylalanine (close to the sulfur-iron bond which is
based from Human CYPI1Al cholesterol side-chain
cleavage enzyme, mitochondrial). Multiple sequence
alignment between CYP12F4 and sub-family members
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revealed the following conserved regions 466(P) PRO
87%, 455 (P) PRO 62%, 437 ( R) ARG 87%, 436 (E)
GLU 62%, 470 (G) GLY 87%, 327 (T) THR 75%,
438(W) TRP 62%, 435 (P) PRO 75%, 433(F) PHE 84%,
430 (P) PRO 72%, 427(F) PHE 62%. The substrates
(insecticides) bind to the substrate binding site of the P450
enzyme due to their high affinity [4].

VI. CONCLUSION

From literature sub-family members of CYP12F4 have
been highly expressed in A. gambiae (1) to insecticides
resistance by detoxifying the organic compounds (2) 1
day after blood meal containing P.Berghi up-regulated in
fat body(3) in A. gambiae midgut due to malaria infection
from P. Berghi and P. falciparum. The sub-family of
cytochrome P450 (CYP12) have shown response to
malaria infection by hemocytes [4]. This means that
CYP12F4 seems to be expressed in response to insecticide
resistance in A. gambiae. From this study, the predicted
structure is hypothesized to be a possible structure for
CYPI12F4, but future work seeks experimental
confirmation for the predicted structure of the CYP12F4
protein and its function as well. If these findings are true
then strategies should be developed to suppress the
express of these detoxifying proteins in order to control
malaria from A. gambiae.
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