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Abstract: Ocimum basilicum is commonly known as sweet basil and belongs to the
Lamiaceae Family. Ocimum basilicum has great therapeutic benefits and can be used for
lowering blood pressure, as an antispasmodic as well as cleansing the blood. In the present
study, subcellular localization prediction suggested that it is a cytoplasmic protein.
We predicted the 3D structure of protein using homology modeling as 3D structure
prediction approach. 3D structure of the protein was determined using Protein Structure
Prediction Server (PS)* selecting MODELLER as 3D structure prediction method.
Quality analysis of the model indicated that it is a reliable model. Furthermore, it was
discovered that Ocimum basilicum hypothetical protein GICT28_OCIBA is involved in two
biological processes, oxidation reduction and metabolic process and the biochemical
function of the protein is acting on the aldehyde or oxo group of donors, NAD or NADP as
acceptor, catalytic activity and oxidoreductase .
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Introduction

The Lamiaceae family, which includes basil, sage, and thyme, has long been recognized as a
rich source of diverse and unique anthocyanins. The development of intensely purple
pigmented basil in the ornamental and herb trade prompted the examination of eight
commercial varieties of purple basils (Ocimum basilicum L.) as a potential new source of
anthocyanins [1]. The genus Ocimum (Lamiaceae) has a long history of use as culinary and
medicinal herbs. Many species are used for their antioxidant and neuroprotective activity in
various parts of the world. Ocimum basilicum Linn. has been used traditionally for the
treatment of anxiety, diabetes, cardiovascular diseases, headaches, nerve pain, as
anticonvulsant and anti-inflammatory, and used in a variety of neurodegenerative
disorders [2]. Chemical composition, antioxidant and antimicrobial activities of the essential
oils from aerial parts of basil (Ocimum basilicum L.) are affected by four seasons, namely
summer, autumn, winter and spring [3]. Computational analysis of biological sequences has
become an extremely rich field of modern science and a highly interdisciplinary area, where
statistical and algorithmic methods play a key role [4].

In present study the objectives were set to:
e Perform sequence analysis on Ocimum basilicum hypothetical protein
G1CT28 OCIBA.
e Perform the primary and secondary structure analysis.
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e Perform homology modeling to find the 3D structure of the hypothetical protein.
e Ensure the quality of the predicted model.

Methodology

Protein retrieval and sequence analysis:

The protein sequence of G1CT28 OCIBA protein was retrieved from Uniprot
Knowledgebase database using accession No. G1CT28. Physiochemical properties of the
protein were computed by ProtParam tool (http://web.expasy.org/protparam/). The parameters
computed by ProtParam included the molecular weight, theoretical pl, amino acid
composition, atomic composition, extinction coefficient, estimated half-life, instability index,
aliphatic index, and grand average of hydropathicity (GRAVY). Subcellular localization of
any protein is important understanding protein function. Prediction of subcellular localization
of protein was carried out by CELLO v.2.5 [5, 6].

Secondary structure prediction
PredictProtein [7] was employed for computing and analyzing the secondary structural
features of O. basilicum protein sequence.

3D structure prediction using homology approach

3D structure of protein was determined by homology modeling. BLASTP search with default
parameters against the Protein data bank (PDB) was used to find the best suitable templates
for homology modeling. Based on maximum identity and lowest e-value, best suitable
template with PDB ID 1J0X_O having 74% identity was selected. This template was used as
a reference to determine the 3D structure of G1CT28 OCIBA protein. Comparative amino
acid composition of the query and template protein was determined using CLC protein
workbench. Protein Structure Prediction Server (PS) [8] predicted the homology model based
on package MODELLER.

Quality and reliability assessments

Once the 3D model was generated, energy minimization was performed by GROMOS96
force field in a Swiss-PdbViewer. Structural evaluation and stereochemical analyses were
performed using ProSA-web [9, 10] Z-scores and Procheck Ramachandran plot. Furthermore,
superimposition of query and template structure, and visualization of generated models was
performed using UCSF Chimera 1.5.3.

Function annotations of the protein

To functionally annotate the O. basilicum hypothetical protein G1CT28_ OCIBA, Profunc was
used and to find the conserved domains in protein to identify its family, it was searched
against close orthologous family members. NCBI Conserved Domain Database (NCBI CDD)
[11] was used to find the conserved domains or ancient domains in the protein sequence.

Submission of the model in protein model database (PMDB)

The models generated for O. basilicum hypothetical protein G1CT28 OCIBA was
successfully submitted in Protein model database (PMDB) [12] having PMID PM0077760.
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Results and discussions

The present study was to perform sequence and structure analysis of O. basilicum
hypothetical protein G1CT28 OCIBA.The protein sequence was retrieved using accession
No. G1CT28 from uniprot database.

Protein sequence analysis

ProtParam was used to find out the physiochemical properties from protein sequence.
The hypothetical protein was predicted to have 195 amino acids, with molecular weight of
20778.6 Daltons and theoretical isoelectric point (Pl) of 7.02. An isoelectric point above
7 indicates a positively charged protein. The instability index (I1) is computed to be 32.78.
This classifies the protein as stable. The N-terminal of the sequence considered is F (Phe).
Therefore estimated half-life is 1.1 hours (mammalian reticulocytes, in vitro), 3 min (yeast, in
vivo) and 2 min (Escherichia coli, in vivo). The negative Grand average of hydropathicity
(GRAVY) of -0.137 indicates that the protein is hydrophilic and soluble in nature. Valine and
alanine were found in rich amounts in the protein. Alignment and comparative composition of
query sequence and template sequence was computed using CLC protein workbench
(Table 1).

Table 1. Comparative amino acid composition of query and template proteins

Amino acid 1J0X G1CT28_OCIBA
Alanine (A) 33 19
Cysteine (C) 3 2
Aspartic Acid (D) 21 14
Glutamic Acid (E) 13 11
Phenylalanine (F) 14 8
Glycine (G) 32 15
Histidine (H) 1 3
Isoleucine () 20 12
Lysine (K) 26 19
Leucine (L) 18 1"
Methionine (M) 9 3
Asparagine (N) 17 7
Praline (P) " 8
Glutamine (Q) 6 1
Arginine (R) 10 6
Serine (S) 19 17
Threonine (T) 21 15

Cellular functions are often localized in specific compartments; therefore, predicting the
subcellular localization of unknown proteins can give information about their functions and
can also help in understanding disease mechanisms and developing drugs. The subcellular
localization prediction using CELLO predicted that our protein is a cytoplasmic protein and
this protein does not contain a nuclear localization signal. PredictProtein was used to predict
the secondary structure of the protein. Results showed that protein is a mixed protein having
composition of Helix = 29.2%, Strand = 26.7%, Loop = 44.1%.

3D structure prediction using homology modeling approach

Protein 3D structure is very important in understanding the protein interactions, functions and
their localization. Homology modeling is the most common structure prediction method. To
perform the homology modeling, first and basic step is to find best matching template using
similarity searching program like BLASTP against PDB database. Templates are selected on
the basis of their sequence similarity with query sequence. PDB ID 1J0X_O was selected for
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homology modeling which is an X-Ray diffraction model of Crystal Structure of the rabbit
muscle glyceraldehydes-3-phosphate dehydrogenase (Gapdh). The query sequence and
template ID was then given as input to the (PS)? server for homology modeling using
MODELLER. 3D structure of protein showed that it has 544 hydrogen bonds (Fig. 1). Quality
and reliability of structure was checked by several structure assessment methods including
Z-score and Ramachandram plots. The Z-score is indicative of overall model quality and is
used to check whether the input structure is within the range of scores typically found for
native proteins of similar size. PROSAweb was used to find the Z-score of template and
query. Z-score of query protein was -7.39 and Z-score of template was -9.98. Procheck checks
the stereochemical quality of a protein structure by analyzing residue-by-residue geometry
and overall structure geometry. This tool was used to determine the Ramachandran plot to
assure the quality of the model. The result of the Ramachandran plot showed 93.5% of
residues in favorable region representing that it is a reliable and good quality model (Fig. 2).
A model having more than 90% residues in favorable region is considered as good quality
model. Reliability of the model was further checked by ERRAT that analyzes the statistics of
non-bonded interactions between different atom types and plots the value of the error function
versus position of a 9-residue sliding window, calculated by a comparison with statistics from
highly refined structures. Results from ERRAT showed 93.583 overall model quality (Fig. 3).
The Z-scores (Fig. 4) confirm the quality of the homology model of O. basilicum hypothetical
protein G1CT28_OCIBA.

Fig. 2 Z-score of query and template protein using PROSA web
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Fig. 4 Ramachandran plot using Procheck

Function annotation of the protein

To hypothetically annotate the function of the O. basilicum hypothetical protein
G1CT28 OCIBA ProFunc was used. It was discovered that protein is involved in two
biological processes, oxidative reduction and metabolic processes and the biochemical
function of the protein is oxidoreductase activity, acting on the aldehyde or oxo group of
donors, NAD or NADP as acceptor and catalytic activity. To futher investigate about the
function of protein by finding its family; it was searched in the NCBI Conserved Domain
Database (NCBI CDD) to find conserved domains so that its family can be identified.
The results showed that O. basilicum hypothetical protein G1CT28_ OCIBA has NAD (P)
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binding domain and belongs to Gp_dh_C super family i.e Glyceraldehyde 3-phosphate
dehydrogenase, C-terminal domain; GAPDH is a tetrameric NAD-binding enzyme involved
in glycolysis and glyconeogenesis.

Submission of the model in protein model database (PMDB)
The predicted structure of the protein was submitted to protein model database (PMDB) and
can be find using PMID PMO0077760.

Conclusion

Our main objective of this study was to perform sequence analysis, structure analysis and
homology modeling on O. basilicum hypothetical protein GICT28 OCIBA. We have used
various sequence and structure analysis tools that helped in understanding of the sequence and
its structure. Furthermore, protein was functionally annotated by using ProFunc and by
searching conserved domain of the protein. As a part of present study, we used homology
modeling approach to propose the first 3D structure of the O. basilicum hypothetical protein
G1CT28_OCIBA. The predicted 3D structure will provide more insight in understanding the
structure and function of the protein. Moreover this structure can be used for drug designing
or understanding the interactions between proteins.
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