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Abstract: The in silicoanalysis of homology modelling and 3D structure prediction of Cytochrome B (CYTB) protein in Carangoides
equula was carried out. Primary structure prediction / physicochemical characterization were performed by computing theoretical
isoelectric point, molecular weight, extinction coefficient, instability index, aliphatic index and grand average hydropathy. Performing
homology modelling, a high quality of protein 3D structure has been predicted for the amino acid sequence. Cytochrome B of
Carangoides equula was compared to the 1BE3 structure of Cytochrome BClfrom Bovine, where thestructure predicted through
SWISS-MODEL was visualized in RASMOL. Hence, the Tertiary structure was predicted using homology modelling by using template
to create a model from the target sequence. The model was validated using protein structure analysis tool, RAMPAGE. The assessment
of secondary structure modelled using SOPMA revealed greater percentage of residues as alpha helix and random coils against the beta
sheets. These structures will provide a good foundation for functional analysis of experimentally derived crystal structures.
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1. Introduction

The protein Cytochrome b is found in the mitochondria of
eukaryotic cells. It is a part of the electron transport chain
and where it functions to be the key subunit of cytochrome
bcl and b6f complexes. In the mitochondrion of eukaryotes
and in few prokaryotes, cytochrome b is a component
of respiratory chain complex III which is also known as the
bcl complex (ubiquinol-cytochrome c¢ reductase), plays a
key role in cellular respiration [1]. These complexes are
involved in electron transport, the propelling of protons to
generate a proton-motive force, where the proton gradient is
used for the ATP generation. The cytochrome b binds on-
covalently to two hemes, known as b562, the high potential
form and b566, the low potential form. Respiratory chain
complex is composed of three subunits: cyt b, cyt cl, with
one covalently bound heme ¢ and a potential Rieske iron-
sulphur protein comprising a single cluster [2]. Cytochrome
b, a mitochondrial protein is also used to
determine phylogenetic relationships between organisms,
due to the variance of its sequence.

Carangoides equula, also known as the Whitefin trevally is
a species of deep water offshore fish in the jack family
Carangidae. They inhabit the tropical to temperate waters of
the Indo-Pacific and central pacific. They grow up to 37 cm
in size. The body of the fish is thomboid and compressed
laterally. There are small cycloid scales present on the head
and the body. Lateral line consists of two parts: beginning
from postero-upper margin of operculum tothe vertical of the
15th ray of dorsal fin and further it is straight up to the tail.
Straight region of the lateral line consists of 31 scutes. Small
cycloid scales are present on the body, breast, and head.
Lengths of bases of second dorsal and anal fins are equal. It
has a large pectoral fin, which is falciform, and a little longer

than the head. Ventral fins are short. Depth of third spine of
dorsal fin is almost equal to the length of the largest ray of
dorsal fin. The caudal fin is forked, where its upper and
lower lobes are equal in length. There are two spines in the
beginning of the anal fin base, which is followed by a spine
and 24 rays [3].

Homology modelling is aimed to build 3D structure of a
protein using templates which structures of related family
members. When a target protein is given, the templates
structures are searched in the library and suitable templates
are identified. One of the most precise computational
methods to generate consistent structural models is
Homology modelling. This modelling is used to search the
conformation space by minimally disturbing those existing
experimentally solved structures. The technique of
Homology modelling eases the strong requirement of force
field and vast conformation searching, because it deals with
the calculating the force field and replaces it in a great part,
with the counting of sequence identities. The method
concludes based on the statement that structural
conformation of a protein is much more highly conserved
than its amino acid sequence, and that small changes
insequence normally result in minute variation in the 3D
structure [4].

2. Materials and Methods

2.1. Retrieval of Sequence

The sequence of protein Cytochrome B from Carangoides
equula was retrieved from the protein database UniProtKB
(http://www.uniprot.org/uniprot/AOAOU1XJR2) in  the
FASTA format, a format which represents the protein
sequence.
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2.2 Primary Structure Prediction: Physico-Chemical
Analysis

For physico-chemical characterization, molecular weight,
isoelectric point, total number of positively and negatively
charged residues, extinction coefficient(pl), half-life,
instability index(Il), aliphatic index(Al) and grand average
hydropathy (GRAVY) were computed using Expasy’s Prot
Paramserver (http.//us.expasy.org/tools/protparam.html).

2.3 Homology modelling: Generation of 3-D Structure
through using Swiss-model

The retrieved/targetFASTA sequence was pasted in the
webpage of Swiss-model (https://swissmodel.expasy.org/).
Templates sequences for the target sequencewere searched.
Using the searched template sequence, a new model was
built.The 3-D crystal structure of Cytochrome BClprotein
was available at3.00Aresolution (PDB:1BE3)and it was used
as a template structure to generate the 3-D model of CYTB.
The crystal 3-D structure of template was automatically
searched from protein data bank (http://www. rcsb.org/pdb/).
Homology modelling was used to generate the 3-D structure
of CYTB with the help of Swiss Model and visualization of
3-D structure in RASMOL.

2.4 Evaluation and Validation of the 3D Structure

Theminimum dope score and model score of the model and
the template were used for the evaluation of the 3- D model
and structure were validated with RAMPAGE. The program
generates Ramachandran plot where amino acid residues in
the allowed region and overall G- factor were considered.

2.5 Secondary Structure Prediction

The alpha helices and the beta sheets of the 3D structure of
CYTBwas predicted using a secondary structure prediction
method called SOPMA  (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html).

3. Results and Discussion

Cytochrome B receptor from Carangoides equula was
AOAQUIXJR2 and the length of amino acids was 380,
having size42.4 kDa and 7.80pl value. The 3-D structural
homology ofCytochrome B resembled with the crystal
structure of Cytochrome BC1 receptor available at 3.00A
(PDB:1BE3).

The structural homology of CYTB amino acids was75.99%
identical with template 3-D structure,and the alignment of
CYTB receptor with the template 1BE3were shown (Fig. 2).
The 3-D structure of CYTBreceptor was shown in Fig. (3).
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Figure 2: The model result showing the Model-Template
alignment

Figure 3: The three dimensional structure of Cytochrome B
from Carangoides equula, viewed under RASMOL.

The homology modelling was carried out and the result
model was viewed using RASMOL,a tool for
visualization of biological macromolecule structures.

The validation of the structure was done on the basis of
spatial arrangement amino acid residues in the most
favoured region of Ramachandran plot. The torsion angles of
95.0% amino acid residues were found in the most favoured
region, 4.8% amino acids were found in the allowed region
and merely 0.3% amino acid residues were present in the
outlier region. From the validation it can be inferred that the
stability of the protein is high. The favoured Ramachandran
plot for the CYTB receptor obtained by RAMPAGE was
shown in Fig. (4).
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1. Cysresidue was very low in concentration. This indicates
: that these proteins cannot be analyzed using UV spectral
methods. From value of the instability index which is
computed to be 31.61, the protein can be classified as

7777777777 stable.The aliphatic index of the protein shows a high value
which infers that the protein may be stable for a broadrange
3 of temperature. The GRAVY index showing a low value
\ indicated that the protein could result in a better interaction
with water.
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Figure 5: (a) The general favoured and allowed region.
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Figure 5: (b) Evaluation of the residues

The parameters, molecular weight, isoelectric point, total

number of positively and negatively charged residues,

extinction coefficient, half-life, instability index, aliphatic

index and grand average hydropathy were computed using

the Expasy’sProtParam tool. The isoelectric point value for Figure 6: The SOPMA result showing secondary structure
CYTB revealed its basic behavior. Extinction coefficient of the protein CYTB
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In the secondary structure prediction, alpha helices, beta
sheets, turns and coils of the predicted structure were found.
In this study, it is revealed that evolution is the major factor
playing a role in this organism. The phenotype of an
individual’s organism results from its genotype and the
environmental influence.Therefore we may predict that the
CYTB in C.equula had the fine number residues.

4. Conclusion

In this study Cytochrome B protein of Carangoides equula
(Whitefin  trevally)was selected. Primary structure
prediction/physicochemical characterization were performed
by computing molecular weight, isoelectric point, total
number of positively and negatively charged residues,
extinction coefficient, half-life, instability index, aliphatic
index and grand average hydropathy. Structural analysis was
performed and figures representations were generated with
RASMOL. The modelling of the three dimensional structure
of the CYTB protein was performed by SWISS-MODEL
homology modelling program. The models were validated
using protein structure checking tools RAMPAGE. These
structures will provide a good basis for functional analysis of
experimentally derived structures.
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