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Abstract
Cyprinidae family includes a large number of fish species, where the most popular are zebrafish (Danio rerio),
grass carp (Ctenopharyngodon idella) and common carp (Cyprinus carpio). In this study, osteocalcin in
Cyprinus carpio was investigated, regarding physicochemical characteristics, structural properties using several
available bioinformatic tools. Sequences were retrieved from Genbank. Sequence alignment of the gene and
protein sequence were done with ClustalW. The 3D structure of protein was predicted by SWISS-Model softare
andwas checked by Z-Score using Qmean server, ERRAT, and Rampage Ramachandran plot analysis. The
information provided here is a theoretical overview that will help to get an idea about the predicted protein
structure.
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Introduction

The Cyprinidae is the second largest fish
family in the world and one of the most
widespread in freshwater. [1]. Cyprinidae family
includes a large number of fish species, where the
most popular are zebrafish (Danio rerio), grass
carp (Ctenopharyngodon idella) and common
carp (Cyprinus carpio).
In this study,
osteocalcin in Cyprinus carpio was investigated
by the use of bioinformatic tools. Osteocalcin
(bone Gla protein) is an extracellular matrix
protein synthesized by osteoblasts that is a
marker of bone. Nishimoto et al., 1995 [2] have
characterized osteocalcin from Cyprinus carpio
for aminoacid sequence and extent of secondary
structure. Carp osteocalcin is a polypeptide of 45
amino acids and an abundant component of carp
rib bone comprising over 35% of the total
extractable proteins [2]. Actually a large number
of computational tools are available from
different sources and help researchers to analyze
the properties of different proteins. The aim of
this study is to select homologous sequences
related to bone Gla protein [Cyprinus carpio

'color'] (AIT51847.1) and analyze the physicochemicals properties of selected proteins by in
silico methods.
Material and methods

The nucleotide and protein NCBI
databases were used to retrieve in FASTA format
the target nucleotide and protein sequences of
Cyprinus carpio. The Basic Local Alignment
Search Tool (BLAST), P-suite was used to find
the regions of similarity between sequences.
Multiple sequence alignment (MSA) is carried
out by Clustal Omega.
Primary sequence analysis

Pepstats
analysis
tool
(http://www.ebi.ac.uk/Tools/seqstats/emboss_pep
stats/), available at EMBl-EBI website is used to
calculate the statistics of protein properties.
ProtParam
[3]
online
tool
(http://web.expasy.org/protparam/) available at
ExPASy server compute physicochemical
properties like theoretical isoelectric point (pI),
molecular weight, total number of positive and
negative
residues,
extinction
coefficient,
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instability index, aliphatic index and grand
average hydropathy (GRAVY).

(http://www.sanger.ac.uk/software/pfam/search.ht
ml) was used for domain analysis.

Secondary sequence prediction

Tertiary structure prediction and model

In order to calculate the secondary
structural features Self Optimized Prediction
Model (SOPMA) online tool [4] was used. It
predict the quantitative values of alpha helix, beta
sheet and coils within the protein sequence.
PSIPRED (Protein Sequence Analysis
Workbench) (http://bioinf.cs.ucl.ac.uk/psipred/)
predict secondary structure from primary
sequence and a graphical representation of the
secondary structure is obtained. CYS_REC
(http://www.softberry.com/berry.phtml)
online
tool is used to identifies the position of cysteins,
total number of cysteins present and pattern, if
present, of pairs in the protein sequence.
Subcellular localization was predicted by
the use of
CELLO v.2.5 [5] 1.1 server
(http://www.cbs.dtu.dk). Motif Scan [6] server
(http://myhits.isb-sib.ch/cgibin/motif_scan) was
used to identify known motifs in the sequence.
Furthermore,
Pfam
server

evaluation template.

Computational prediction of three
dimensional (3D) structure of the protein was
performed
by
using
Swiss-Modeler
(http://swissmodel.expasy.org/)
program [7].
After modeling, the quality and validation of the
model was evaluated by several structure
assessment methods, containing Z-Score by using
QMEAN [8], Rampage Ramachandran plot
analysis (http://mordred.bioc.cam.ac.uk), and
ERRAT [9].
Result and discussions

The protein sequence (AIT51847.1) was
blasted and the list of five protein sequences with
significant alignment were retrieved and the
detailed information is given in table 1. Multiple
Sequence Alignment (MSA) of selected
sequences, that was performed by Clustal Omega
is given in figure 1, where the shaded regions
indicate similar residues.

Table 1: List of protein sequences selected according to species

Organisms
Cyprinus carpio 'color'
Carassius auratus
Carassius auratus

Accession ID
AIT51847.1
BAM62632.1
BAL45872.1

Gene Accession
KF876170.1
AB685220.1
AB606419.1

Danio rerio

NP_001077326.1 NM_001083857.3

Protein name
bone Gla protein
osteocalcin
bone
gammacarboxyglutamate protein
osteocalcin precursor

Figure 1: Multiple Sequence Alignment of selected protein sequences.

Aminoacid composition for each of four
selected proteins computed by PEPSTATS is

given in table 2. The results show that the most
abundant aminoacid is Ala. The least common
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aminoacid are His, Asn, Gln. The cysteine
residues take part in disulphide bonds formation,
that play an important role in folding and stability
of a protein [10]. The results of table show a low
level of cysteine residues, therefore the stability
of the protein is not dedicated to the formation of
disulphide bonds. The physical and chemical
parameters of selected proteins are computed by
ProtParam and are shown in table 3. The
isoelectric point (pI) varies from 4.16 to 5.56,

indicating that proteins are considered as acidic.
The Instability index (Ii) is lower than 40, except
of Cyprinus carpio, therefore these proteins are
considered as stable. If the instability index is
higher than 40 the protein may be unstable [11].
The GRAVY scores are positive, indicating that
all proteins are hydrophobic. Aliphatic Index
have very high values in all proteins, indicating
that proteins are thermostabile [12].

Table 2: Aminoacid composition obtained by PEPSTATS analysis tools

Organisms

Cyprinus
carpio 'color'
Carassius
auratus
Carassius
auratus
Danio rerio

Most
abundant
aminoacid
Ala

Mole (%)

Mole (%)

Mole (%) of
Cys residues

14,851

Least
common
amino acid
His

0.990

4.950

Ala

15.842

Asn

0.990

4.950

Ala

14,851

Asn

0.990

4.950

Ala

8.654

His, Asn, Gln

1,923

4.808

Table 3: Physical and chemical parameters of selected proteins computed by ProtParam
Accession

Sequence

Number

length

M. W.

pI

-R

+R

EC (Cys

EC (Cys

residues

residues

non

reduced)

II

AI

Gravy

reduced)
Cyprinus

101

10745.48

4.90

11

8

6210

5960

45.24

91.88

0.286

5.16

11

8

6210

5960

36.26

91.88

0.312

5.16

11

8

6210

5960

35.42

90.89

0.287

5.56

11

8

4720

4470

37.24

84.42

0.128

carpio
'color'
Carassius

101

10666.36

auratus
Carassius

101

10696.39

auratus
Danio

101

11288.12

rerio
M. W. : molecular weight; -R negatively charged residues; +R positively charged residues; EC. extinction coefficients; II
Instability Index; AI Aliphatic Index; GRAVY: Grand average of hydropathicity
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cysteine residues. The results given in figure
show that alpha helix dominated followed by
random coil, extended strand and beta turn for all
four sequences. Alpha helices and beta sheets are
secondary structure elements. Hydrogen bonding
is a well known feature of alpha helix, that play
role in folding and stabilization [10]. Beta sheets
play role in biological activities of proteins [10].
Also, the beta turns play an important role in
protein stability. [10]. Random coils have
important functions like for flexibility and
conformational changes of proteins [13]. As it is
shown in the figure 3, the confidence of
prediction observed throughout the predicted
secondary structure was quite high.

The analysis of disulphide bonds/bridges
showed the absence of disulphide bonds between

Figure 3: Graphical representation of the predicted secondary structures present within the target protein
osteocalcin (AIT51847.1)
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Subcellular localization prediction was
performed by the use of CELLO v 2.5 and
osteocalcin was localized in the extracellular
matrix. According to Nishimoto et al., 2003, [2]
Osteocalcin (bone Gla protein) is an extracellular
matrix protein synthesized by osteoblasts,
There were determined three types of
motifs, by Motif scan tools (Table 4). The highest

number of motifs was N-myristoylation site, with
four times. Protein N-myristoylation is a
cotranslational lipidic modification of many
eukaryotic proteins consisting on the attachment
of myristic acid to the N-terminus that is
catalyzed by the ubiquitous eukaryotic enzyme,
N-myristoyltransferase (NMT) [14].

Table 4 : The motifs of osteocalcin in C. carpio by motif Scan

Motif information
Casein Kinase II pohosphorylation site
N-myristoylation site
Protein kinase C phosphorylation site

Figure

4.

The

predicted

No of sites
3
4
2

three-

dimensional structure of osteocalcin

Aminoacid residues
28 - 31; 32 - 35; 8 - 71
20 - 25; 37 - 42; 55 - 60; 87 - 92;
32 - 34; 68 - 70

Figure 5:Z-score of query protein using QMEAN
server

by modelled SWISSMODEL

The three dimensional structure of
osteocalcin was predicted by SWISS MODEL
homology modeling program. The results are
shown in figure. PDB 1vzm.1.A was selected as
template with 61.36% sequence identity to query
sequence (AIT51847.1).
The structure was validated validated
through energy minimization with Z-Score by the
use of Qmean server, ERRAT, and Rampage

Ramachandran plot analysis. The Z-score was
found as 0.41 (Figure 5). The overall quality
factor evaluated by ERRAT was found as 97.143
which is very good quality (Figure 6)
Ramachandran plot analysis (Figure 7) showed
97.3% residues in most favored region, 2.7%
residues in additonal allowed region. More than
90% of residues reside in the favored region,
which imply a good quality model [15].
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Figure 6: Overall quality factor evaluated
by ERRAT

Figure 7: Graphical representation of
Ramachandran Plot by ProCheck

Conclusions
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