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ABSTRACT

Moniliophthora perniciosa is the causative agent of witches’ broom, which affects
the Theobroma cacao, causing great losses in cocoa production. The integrated
management techniques available allow controlling the pest only partially. An
important strategy to contain the witches’ broom is to study the interactions of
the enzyme lanosterol 14a-demethylase (CYP51) of Moniliophthora with azole
compounds. These compounds block the synthesis of ergosterol and
consequently the fungal growth by the connection between the iron atom in the
cofactor of this enzyme and the nitrogen atom of the azole. However, there is no
study on the interaction of these compounds with the enzyme lanosterol 14a-
demethylase of this pathogen. In this work, a model of the enzyme lanosterol
1l4a-demethylase of M. perniciosa was created by comparative modeling
techniques. Then, the spatial arrangement of residues that comprise the catalytic
site of the enzyme was identified. The results obtained are in agreement with the
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crystallographic CYP51. The results show that the built model can be used for
molecular modeling and de novo design studies.

Keywords: Moniliophthora perniciosa, molecular modeling, azole compounds,
CYP51.

RESUMO

Moniliophthora perniciosa é o agente causador da vassoura de bruxa, que afeta o
Theobroma cacao, causando grandes perdas na produc¢ao de cacau. As técnicas
de gestdo integrada desenvolvidas permitem controlar a praga apenas
parcialmente. Uma estratégia importante para conter a vassoura de bruxa é
estudar as interagbes da enzima lanosterol 14a-demethylase (CYP51) de
Moniliophthora com compostos azdlicos. Estes compostos bloqueiam a sintese de
ergosterol e, consequentemente, o crescimento fungico pela ligagdo entre o
atomo de ferro do cofactor dessa enzima e o 4tomo de nitrogénio do grupo azol.
No entanto, ndo ha um estudo sistematico sobre a interagdao destes compostos
com a enzima lanosterol 14a-demetilase deste patdgeno. Neste trabalho, um
modelo da enzima lanosterol 14a-demetilase do M. perniciosa foi criado por
técnicas de modelagem comparativa. Em seguida, o arranjo espacial dos residuos
que formam o sitio catalitico da enzima foi identificado. Os resultados mostram
que o modelo construido pode ser empregado em estudos de ancoragem
molecular e de novo design.

Palavras-chave: Moniliophthora perniciosa, modelagem molecular, compostos
azodis, CYP51.
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INTRODUCTION

The basidiomycete Moniliophthora perniciosa (AIME; PHILLIPS-MORA,
2005) is a hemibiotrophic fungus that causes the witches’ broom disease,
which has become of the spreading phytopathological problem of the

producing regions of Theobroma cacao in the American continent
(THOMAZELLA et al., 2012; ZAPAROLI et al., 2009).
In Brazil, this pathogen was identified in 1989 in the south of Bahia State, a

region of cocoa intensive plantation, causing an impact on the local
economy. In consequence of the spread of witches’ broom, Brazil, which
ranked second in world exports, began importing the fruit. The reflection
on the local economy was immediate, because the eradication of producing
areas led to unemployment of many rural workers (THOMAZELLA et al.,
2012; ZAPAROLI et al., 2009).

According to previous work, several efforts have been performed for the

disease control. However, the forms of control so far have low efficiency
(THOMAZELLA et al., 2012; ZAPAROLI et al., 2009). Currently, several
efforts have been made in the elucidation of molecular targets (JUNIOR et
al., 2013; PINHEIRO et al., 2012; SANTOS et al., 2011; SENA et al., 2011).
An alternative to combating the witches’ broom is the use of inhibitors of

sterol biosynthesis (SBIs). The SBIs include structurally diverse chemical
compounds, including azole compounds, which target the lanosterol 14a-
demethylase (CYP51 of M. perniciosa), which catalyzes redox reactions,
acting in the biosynthesis of sterols. Overall, the CYP51 are formed by a-
helices and 8-sheets surrounding the heme (prosthetic group) of the
enzyme. The active site consists of a hydrophobic domain for substrate

binding, which is the prosthetic group with an iron atom bound to four
pyrrole rings (ALCAZAR-FUOLI et al., 2008).

COMPARATIVE MODELING STUDIES OF LANOSTEROL 14-A DEMETHYLASE OF MONILIOPHTHORA PERNICIOSA

The CPY51 found in fungi have been identified as integral membrane
proteins, which makes the biophysical characterization extremely complex.
The elucidation of the structure of CYP51 from Mycobacterium tuberculosis
(MT-CYP51) has facilitated the study of different fungi CPY51s (OUELLET et
al., 2010). In this context, the enzyme CPY51 M. perniciosa (MP-CPY51) has
not had their 3D structure elucidated yet. Our studies aimed to generate a

3D model by comparative modeling using structures of MT-CYP51. These
results will be used for docking studies between model and azole inhibitors,
showing the principal interactions involved between MP-CYP51 and azoles
(OUELLET et al., 2011). These studies can suggest a pharmacophoric model

to develop new active compounds more selective and effective against
witches’ broom.

The release of MP-CPY51, which has 555 amino acids, motivates us to build
a model (WOO et al., 2002). Next, BLASTp (ALTSCHUL et al., 1990) server
was used to identify sequences homologous to MP-CYP51. The alignment

of amino acid sequence of MP-CYP51 with its templates was performed
with the program CLUSTAL W (LARKIN et al., 2007).

MATERIAL AND METHODS

The model MP-CPY51 was built using program SWISS-MODEL, following
a previously established protocol (BORDOLI et al., 2009; LEMUCHI et al.,
2013). The residues composing the active site were identified within a

radius of 4.5 A determined by the selection of inhibitor present in the
template obtained in the previous step. After generating the model, the
atomic coordinates of the heme was transferred from the template to the
model. The model was optimized in the AMBER 9.0 program (PEARLMAN et
al., 1995). The model was prepared by LEaP, and refined by SANDER using
the FFO3 force field (DUAN et al., 2003). In addition, heme parameters were
prepared using the semi-empirical method PM6 (FREITAS et al., 2012;

BBR - BIOCHEMISTRY AND BIOTECHNOLOGY REPORTS 9
Jul./Dez., v.2, n.4, p. 8-14, 2013

PAPER / ARTIGO




COMPARATIVE MODELING STUDIES OF LANOSTEROL 14-A DEMETHYLASE OF MONILIOPHTHORA PERNI
PACHECO ET AL '

PAPER / ARTIGO

STEWART, 2007). A full optimization was carried out by steepest descent

and conjugate gradient algorithms in Generalized Born implicit solvent Figure 1 Multiple alignment performed by Clustal W on amino acid sequence of the

(STILL et al, 1990). Finally, the model was evaluated by PROCHECK, 140DM of the M. perniciosa and amln? aud‘seo!uencef corresponding Fo structures W.Ith
PDB codes 2WO0B, and 2VKU 1E9X. Regions highlighted in green, red region and the active

ANOLEA and VERIFY 3D software (EISENBERG; LUTHY; BOWIE, 1997, site cysteine that binds to the heme group, respectively.

LASKOWSKI et al., 1993; MELO; FEYTMANS, 1998).

CLUSTARL alinhamento maltiplo entre segui&ncias
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The resulting model had 22 a-helices, 16 8-sheets, 16 loops and similar
structural characteristics with other CYP51s (Figure 2a). Additionally, the
heme is complexed with the ilcarbamate inhibitor within the enzyme,
confirming the hydrophobic character of parts of the active site of the
enzyme, which were located within 4.5 A from inhibitor. The active site was
identified as His76, Leu77, Met96, GIn98, Lys99, Lys100, Phel01, Ala 261,
265 Ala Met264, His268, Thr269, lle334, Cys407, and Tyr447. The overlap of
the CYP51 model MP-1E9X, and 2VKU 2WO0B using the Ca as reference
(Figure 2) shows the root-mean-square deviation (RMSD) of 2.22 A and
2.38 A and 2.47 A, respectively. This high value of RMSD is due to low
similarity between sequences and very flexible regions.

Figure 2 a) 3D MP-CYP51 structure built by comparative modeling. Highlighted in pink
and blue are the heme group and inhibitor 3-{(4-methylphenyl) sulfonyl amino-4-
propylpyridine ilcarbamate, respectively}, b) structural alignment with Cas between MP-
CYP51 (red), 1E9X (blue), 2VKU (yellow) and 2WO0B (green).

s N-terminal

The constructed model was refined with implicit solvent model using
AMBER9 software, and evaluated by three different methodologies
(ANOLEA, PROCHECK, and VERIFY 3D). The ANOLEA program calculates the
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sum of interaction of atoms within a radius of 7 A for each amino acid
resulting in the potential energy profile of the structure of a protein, which
demonstrates how the chemical environment around the atom contributes
to its stability. Figure 3 shows the graph of potential energy for each amino
acid obtained by ANOLEA. The potential energy is -1.641/kT, where 14%
amino acid residues have positive values after the optimization of energy.
However, these residues were not observed in the active site residues. The
PROCHECK program evaluates the accuracy of the overall structure and
stereochemistry of each residue individually. Figure 4 shows the validation
obtained by PROCHECK. As can be seen, 98.1% of the amino acids are in
energetically favorable regions (favorable and allowed regions), and the
region acceptable is found 1.4% of amino acids found in acceptable region
and only 0.5% are in the unfavorable region and correspond to residues
GIn136, Pro348, Pro349, Ala403. These resides are not present in the active
site model and are located in the loops that are flexible regions in the
protein. Finally, the VERIFY 3D program measures the compatibility
between the sequence of amino acid of the protein and the model of its 3D
structure The graphics of VERIFY (Figure 5) shows regions that are below 0,
indicating incompatibility problems between sequence and structure.
However, after identifying the residues lying in that region (Val87, Tyr88,
Asn92, Val94, Phe95, Met96, GIn295, Val296, Lys297, His298, Pro349,
Ala353, Glu356), it was observed that it is not constitute the active site of
model as well. The validations have demonstrated that the model MP-
CYP51 has low potential energy, excellent stereochemistry quality with high
compatibility with the targets structure.
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Figure 3 Graphic of ANOLEA (potential energy of each atom in the protein chain). After

optimization of the model with the total energy (641/kT).
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In this work, the three dimensional structure of the CPY51 of M.
perniciosa (MP-CPY51), previously unknown, was built by comparative
modeling techniques based on crystal structures 1E9X, 2VKU and 2WO0B,
and refined by molecular mechanics. The MP-CPY51 structure was
validated by ANOLEA, PROCHECK and VERIFY 3D. Following comparative
modeling studies, azole inhibitors such as difenoconazole, miconazole,
prothioconazol, sulconazol will be docked against this model in order to
study the intermolecular interaction. These data can permit to build a
pharmacophore model for identification of a minimum structural
requirement for activity. Thus, this study provided an initial step for
construction and identification of new inhibitors against MP-CPY51.
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