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Abstract

Sequence, physicochemical, and three-dimensional structure properties of putative polyphenol oxidase
proteins in olive (Olea europaea) using various bioinformatics tools were analyzed. The amino acid length
varied from 469 to 582 amino acids. The molecular weights of the proteins (ALG62778.1, AFS28698.1 and
AFS28697.1) were 65294.67 Da, 53324.79 Da and 53349.48 Da, and isoelectric points (pl) were 7.58, 7.24
and 6.86, respectively. Instability index values were 40.68, 37.52 and 36.89 while aliphatic index values were
72.08, 73.39 and 73.39 respectively. The GRAVY values were —0.540, —0.580 and —0.578, respectively. The
most abundant amino acid was Asp (8.5%) while the least abundant one was Cys (1.4%). The putative
phosphorylation sites of the polyphenol oxidase proteins were determined by NetPhos 2.0 and NetPhos 3.1.
Based on the phylogenetic analysis, the tree constructed using polyphenol oxidase proteins is composed of
two main clades. To predict the three dimensional (3D) structures of these proteins, Py MOL was used. The
results of the present study provide insight into fundamental characteristics of putative polyphenol oxidase
proteins in Olea europaea.

Introduction

Bioinformatic analysis might offer great help in designing better alternatives of enzymes in
silico (Sheth and Thaker 2014). Browning and spoiling may occur either as a result of mechanical
damage on fruits and vegetables during harvest or transport; or during various activities such as
chopping, crushing and patting applied for processing of a product. The reason of this change is
the activity of polyphenol oxidase (PPO) enzyme. Polyphenol oxidase belongs to the group of
oxidoreductases with 2 copper ions located in the active center (Yemenicioglu and Cemeroglu
1998, Tran et al. 2012, Demir 2013). These enzymes oxidize ortho-diphenols to ortho-diquinones
using molecular oxygen. Some polyphenol oxidases also convert monophenols to ortho-diphenols
(Constabel and Barbehenn 2008). Polyphenol oxidase is an important enzyme because it has a
positive impact on plant resistance against different biotic and abiotic stresses (Mahmood et al.
2015). This enzyme is localized in plants’ chloroplast thylakoids membranes. Polyphenol oxidase
is expressed more than required for the purpose of defense in case of an infection led by pathogen
bacteria. In addition, a similar defense activity can be observed during insect invasion. This
enzyme creates a defense system against insects. At the same time, it is asserted that polyphenol
oxidase is being connected with auron biosynthesis and phenylpropanoid. Furthermore,
polyphenol oxidase is reported to be functional in the Mehler reaction at chloroplast mesophiles
(Thipyapong et al. 2004). It is known that quinones, which emerge as a result of polyphenol
oxidase activity, form dark-colored water-insoluble polymers through a polymerization reaction.
Injured tissues filled with polymers set an obstacle against the dissemination of the infection
(Turan 2005).

Olea europaea (olive) is an important fruit tree in the world and it is one of the most
frequently used food source for its valuable oil, fruits, flowers, leaves and wood (Coskun and
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Parlak 2013). Olea europaea, with more than 2,600 cultivars, is one of the oldest plants cultivated
in the Mediterranean area where it is the most important oil-producing crop (Kaya 2015). Olive
oil, an important commaodity, was restricted to the Mediterranean basin in the past, but nowadays
it has become a widespread product in the world due to its economical importance as a food
source, fuel for lighting and also as an ointment (Sanchez and Spener 2002). The basis of
Mediterranean diet is olive oil. It has positive effects on human health through healthy nutrients
such as monounsaturated fatty acids, high oleates and significant linoleate contents, vitamins,
minerals, dietary fibers, carbohydrates and other minor components (Harwood and Yaqoob 2002,
Wahrburg et al. 2002). The aim of this study was to generate predicted 3D structures of putative
polyphenol oxidases by using comparative homology modeling. Also, primary and secondary
structure analyses were performed with various bioinformatics tools.

Material and Methods

The protein sequences of putative polyphenol oxidase (PPO) (Accession no: ALG62778.1,
AFS28698.1 and AFS28697.1) for Olea europaea were retrieved from NCBI (https://www.ncbi.
nlm.nih.gov/protein). The physicochemical analysis to determine its isoelectric point (pl),
molecular weight (Mw), instability index (1), aliphatic index (Al), and GRAVY values of the
proteins were done using ExXPASY’s ProtParam (http://web.expasy.org/protparam/) (Gasteiger et
al. 2005). The average amino acid rates were determined by MEGA 6.0 (Tamura et al. 2013). The
putative phosphorylation sites of the putative polyphenol oxidase proteins were detected by
NetPhos 2.0 (http://www.cbs.dtu.dk/services/NetPhos/) (Blom et al. 1999). Amino acid sequences
of putative polyphenol oxidase proteins from 11 plant species were aligned using MEGA 6.0
software and a phylogenetic tree was successfully constructed by neighbor-Joining (NJ) method
while reliability of each node was determined by bootstrap calculation (1000 replicates) using
MEGA 6.0 (Saitou and Nei 1987, Tamura et al. 2013). Secondary structure predictions were
performed by using SOPMA server (http://npsa-pbil.ibcp.fr/). Subcellular localizations were
predicted using CELLO v.2.5, a multi-class SVM (support vector machine) classification system
(http://cello.life.nctu.edu.tw/) (Yu et al. 2006). To predict the 3D structure of the putative
polyphenol oxidases, homology models were used following PSIPRED v.3.3 method options
(http://bioinf.cs.ucl.ac.uk/psipred/) (Buchan et al. 2013). The results were checked and verified by
a Ramachandran plot analysis in RAMPAGE (http://mordred.bioc.cam.ac.uk/~rapper/rampage.
php) (Lovell et al. 2003), which determined the best predicted models. Finally, 3D comparative
analyzes were performed using PyMOL (https://www.pymol.org/).

Results and Discussion

The physicochemical analysis of the putative polyphenol oxidase proteins was performed
using ExPASy-ProtParam and results are shown in Table 1. The amino acid length varied from
469 to 582 amino acids. The molecular weights of the proteins (ALG62778.1, AFS28698.1 and
AFS28697.1) were 65294.67 Da, 53324.79 Da and 53349.48 Da, and isoelectric points (pl) were
7.58, 7.24 and 6.86, respectively. Instability index values were 40.68, 37.52 and 36.89 while
aliphatic index values were 72.08, 73.39 and 73.39. The GRAVY values were —0.540, —0.580 and
—0.578, respectively (Table 1). The prediction of protein subcellular localization (PSL) focuses on
determining localization sites of unknown proteins in a cell (Su et al. 2007). It was determined
(using CELLO v. 2.5) that polyphenol oxidase localizes in chloroplast. The average amino acid
rates were determined by MEGA 6.0. Average amino acid composition of putative polyphenol
oxidases revealed the highest ratio (8.5%) for Asp, and the lowest (1.4%) for Cys (Fig. 1). The
putative phosphorylation sites were determined using the NetPhos 2.0 and NetPhos 3.1 server
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based on a score above 0.8. As a result, it was determined that the putative polyphenol oxidase
proteins are the serine residue of the most frequent phosphorylation site. The highest serine
residue was identified as Olea europaea ALG62778.1 (Fig. 2). For phylogenetic analysis, MEGA

Table 1. The physiochemical properties of the putative polyphenol oxidase proteins
from Olea europaea ssp.

Index O. europaea O. europaea O. europaea
(ALG62778.1) (AFS28698.1) (AFS28697.1)
Amino acids 582 469 469
Molecular weight 65294.67 53324.79 53349.48
Theoretical pl 7.58 7.24 6.86
Instability index 40.68 37.52 36.89
Aliphatic index 72.08 73.39 73.39
GRAVY -0.540 -0.580 -0.578
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Fig. 2. Putative phosphorylation sites in Olea europaea ALG62778.1 predicted by NetPhos 3.1 Server.
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6.0 program was used. Together with Olea europaea polyphenol oxidase protein sequences, those
of Prunus mexicana, Prunus dulcis, Pyrus communis subsp. caucasica, Vauquelinia californica,
Sorbus californica, Fallugia paradoxa, Spiraea densiflora and Spiraea cantoniensis were also
retrieved from NCBI and used to construct a phylogenetic tree. The phylogenetic tree based on
Neighbor-Joining method displays two large clades. Olea europaea species are placed in one clade
while the other species are in the second one (Fig. 3). Additionally, pairwise distances analysis
involving PPO sequences of Olea europaea and other species was performed using MEGA 6.0.
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Fig. 3. Molecular phylogram analysis of putative polyphenol oxidase protein sequences from other plants. Phylogenetic
trees were constructed by Neighbor-Joining (NJ) as well as the bootstrap values were showed on branch using
MEGA 6.0 software. The GenBank accession numbers of the protein sequences used for the phylogenic analysis;
Prunus mexicana (ABI196945.1), Prunus dulcis (AB196944.1), Pyrus communis subsp. caucasica (ABI96946.1),
Vauquelinia californica (AB196951.1), Sorbus californica (AB196948.1), Fallugia paradoxa (AB196932.1), Spiraea
densiflora (AB196950.1) and Spiraea cantoniensis (AB196949.1).
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Fig. 5. Conserved Gly residues of Olea europaea ssp. polyphenol oxidases depicted on three dimensional
models.

The lowest pairwise distance was 0.000 while the highest pairwise distance was determined as
0.737 (Table 2). The secondary structures of the proteins were predicted using SOPMA server
(Geourjon and Deléage 1995). It was observed that the alpha helix rates of the proteins
(ALG62778.1, AFS28698.1 and AFS28697.1) were 20.79, 24.31 and 24.73%, extended strand
rates were 18.04, 20.68 and 19.62%, beta turns were 2.92, 3.84 and 4.05%, and the predominant
random coils were 58.25, 51.17 and 51.60% (Table 3). Random coils have important functions in
proteins for flexibility and conformational changes such as enzymatic turnover (Filiz and Kog
2014). In the model validation, the Ramachandran plot analysis using the RAMPAGE server
showed that 95.0, 95.2, and 95.5% were in the favoured region; 3.2, 4.1, and 3.2% in the allowed
region; and 1.8, 0.6 and 1.3 % were in the outlier region in Olea europaea ssp. (Fig. 4). The three-
dimensional structures of the putative polyphenol oxidases were constructed using the PyMOL
program, and the alpha helix and beta sheet structures were demonstrated. Gly residue is unique
among amino acids since all side chains of it are hydrogen atoms. Its conformation has more
freedom, so it can provide flexibility for adjacent residues. Therefore, it is not surprising that Gly
plays a special role in the structure and function of the enzyme (Yan and Sun 1997). In this study,
Gly residues are presented in Fig. 5. In addition, the three-dimensional structures of the proteins
contribute to the understanding of protein function and active regions thereby facilitating drug
design (Filiz and Kog¢ 2014). Bioinformatics is a field based on mathematics and computer science
to understand biology. In the post genome era, research on protein structures and functions is the
focus of molecular biology. Today, a number of computing software and online servers are rapidly
being developed for the identification and characterization of proteins and coding nucleotide
sequences. Physiochemical properties and biological functions of proteins can be studied better by
bioinformatics methods (Li et al. 2017). As a results of this study, in silico analysis was carried
out using bioinformatics tools such as ExPASy’s ProtParam, NetPhos 2.0, NetPhos 3.1 MEGA
6.0, CELLO v.2.5., PSIPRED v3.3, RAMPAGE and PyMOL for the putative polyphenol oxidases
in Olea europaea. The results of this study has the potential to pave the way for further research
on the putative polyphenol oxidases in different plant species, and to shed light on future in silico
studies on this enzyme
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