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Abstract: Hypothetical proteins (HPs) are those whose sequence is present but nothing is
known about their structural and functional annotations. Elucidation of structural and
functional insights would be effective enough in perceiving the protein interactions and their
involvement in various pathways and networks. Ananas comosus is considered as third most
essential tropical fruit and is given more consideration from the commercial point of view;
therefore, in this research, it is taken for analysis using different approaches of
bioinformatics. On the basis of subcellular localization and secondary structure analysis,
it was suggested that HP is the nuclear protein consisting of a helices and more abundant
coils. Homology modeling has been done through Swiss Model to determine their template
structure but template identity score is not enough which uncover the fact that the protein
OAY63476.1 is unpredicted in-vitro. In order to predict the 3D structure of protein, Phyre 2
server is utilized. Results are validated by different strategies revealing the stability of the
developed model. The quality factor of this protein is 45.28. Functional analysis and domain
identification have been performed by using NCBI-CDD and Pfam which suggested that
protein contains ring variant domain. Comparative genome analysis has been performed
with other proteins of plants which demonstrate that the selected protein has the highest
similarity. This study paves the way in order to determine the structural and functional
annotations of other uncharacterized proteins and effective in exploring other novel proteins
along with their functions in the same way as that of this research study.
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Introduction

Those proteins which are predicted from the nucleic acid sequences and the protein sequences
but their function is still unknown are called hypothetical proteins (HPs) [3]. Generally, they
cover round about half of the protein-coding regions in many genomes [17]. In order to
clearly understand about the biology and the genome of the organisms, it is important to
uncover the functions of the HPs [16]. Structural and the functional annotations of particular
HPs may result in the identification of new structures along with the others aiding in
introducing new protein pathways and cascades [15].
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Elucidation of structural and functional insights would be significant in perceiving the
PPI interactions and their association in different pathways [15, 17]. It would also help in
analyzing new conformational orientations and to evaluate new domains and motifs.
These domains will serve as a pharmacological target [19]. Prediction of HPs also helps in the
identification of the novel targets for screening and drug discovery procedures [3].

Pineapple (Ananas comosus) is a perennial herbaceous fruit which belongs to Bromeliaceae
family. From the commercial point of view, Ananas comusus is considered to be the third
most essential tropical fruit and it is cultivated in tropical and subtropical regions after banana
and mango [19, 26]. It is of the most valuable crop possessing crassulacean acid metabolism
and it is most valuable tropical fruit. The genome of pineapple possesses 38 reputed genes
that are required for the carbon fixation module of CAM [13, 14].

Presently, variety of hypothetical proteins has been found in the genome of various
organisms. On account of some restrictions including the cost and time for the innovative
approaches, overall genomes annotation has not been attained so far [15]. In silico strategies
in order to explain HPs are cost-effective and less time-consuming in order to explore their
functionality [16]. Computational approaches involving several databases and various
algorithms to determine protein functions are effective alternative approach than the
laboratory methods [17, 19].

A multitude of computational methods have been developed for protein functional annotations
varying from template-based approaches in which a template having a known structure and
function is used in order to predict the function of the sequence in the query [9].

In this study Ananas comusus, an uncharacterized protein was selected. The primary sequence
of the above-mentioned protein was available however the structural details were not
accessible. Therefore, this study intended to examine the physiochemical and the structural
attributes in order to produce the first 3D model of the HP, through ab initio methods, and
then to execute the functional annotations.

Materials and methods

Selection of hypothetical protein

Hypothetical proteins were retrieved from the protein database of NCBI
(https://www.ncbi.nlm.nih.gov/) using the keyword “hypothetical proteins” and
uncharacterized proteins of Ananas comosus [22] was selected. Blast analysis was performed
to check the similarity score with other reported hypothetical proteins.

Sequence retrieval

The amino acid sequence of Ananas comosus hypothetical protein was retrieved from UniProt
database (http://www.uniprot.org/) in FASTA format. UniProt is a database of non-redundant
protein sequences. It is a freely accessible database containing a large amount of information
about biological functions of proteins [1].

Physiochemical analysis

The physiochemical analysis was performed by checking out various characteristic of protein
involving molecular weight, amino acid composition, composition at the atomic level,
instability index along with hydrophobicity (GRAVY). For this purpose ProtParam tool
(https://web.expasy.org/protparam/) was used to perform a theoretical evaluation of
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physiochemical characteristic. ProtParam is a tool that allows computation of various physical
and chemical parameters obtained from protein [2, 17].

Secondary structure analysis

In order to predict the secondary structure (alpha helices and beta sheets) of uncharacterized
protein  server SOPMA [10] was wused. Alternatively PSIPREDv3.3 [8]
(http://bioinf.cs.ucl.ac.uk/psipred/) and Predict Protein (https://www.predictprotein.org/)
servers were also employed in order to validate the result that was achieved from SOPMA
server [15, 23].

Sub-cellular localization

Subcellular localization of this protein was predicted by Plant-mPLOc [6]
(http://www.csbio.sjtu. edu.cn/ bioinf/plant-multi/). Plant-mPLOc is a server for the
prediction of sub-cellular localization of proteins which aids in revealing their functions as
well as interactions [4, 5]. The results of subcellular localization obtained by SOSUI [11]
were cross checked with the Predict Protein servers for the confirmation of results [23].

Homology modeling

The possible 3D structure of the protein was determined through protein structure homology
server SWISS-MODEL (https://swissmodel.expasy.org) by entering the amino acid sequence
in FASTA format. SWISS-MODEL is a structural bioinformatics web server. Its main
purpose is homology modeling of protein 3D structure based on the knowledge
of templates [18].

Structure prediction

The 3D structure of hypothetical protein was predicted through Phyre 2 server. A Phyre 2
server predicts the 3D structure of protein sequence relying on the techniques of homology
modeling [12]. In addition, the I-TASSER [24, 25] was used to cross check the results
obtained from Phyre 2 server.

Quality assessment and structure validation

The generated model was checked for recognition of error in the 3D structure by ERRAT and
Verify 3D program in verification server SAVES [7]. It regulates the compatibility of the
model with its amino acid sequences based on alpha helices, beta sheets, loops and coils [20].
The quality and compatibility of the model were checked by structural assessment method,
i.e. Ramachandran plots. The reliability of model was observed through Ramachandran plot
generated by RAMPAGE server (http://mordred.bioc.cam.ac.uk/~rapper/rampage.php)
to determine the percentage of residues in allowed, favored and outlier region [21].

Functional annotation

In order to determine conserved domains for Hypothetical protein, NCBI conserved domain
database was accessed. Pfam database has also been utilized for cross-checking the results
that have been computed from Conserved Domain Database. For the prediction of similarity
score of the protein (comparative genome analysis) with other uncharacterized proteins of
plants, comparative genome analysis was performed by using Blast program.

Submission of model in protein model database
The predicted model of protein OAY63476.1 of Ananas comosus has been submitted in
protein model database (http://bioinformatics.cineca.it/PMDB/) with id PM0081523.
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Results and discussion

Physiochemical characteristics of OAY63476.1

Protparam tool was used to analyze the physiochemical properties of all the hypothetical
proteins. Protein was predicted to be comprised of 266 amino acids having molecular weight
27893.84 Dalton and isoelectric point (PI) of 6.33 which indicates negative charge protein.
The instability index of the protein was computed to be 57.56 which reveal that it is unstable.
The GRAVY index of protein OAY63476.1 is -0.024 which indicates hydrophilic and soluble
protein. A low value of GRAVY index indicates better interaction and having higher
interaction with water.

The most abundant amino acid residue was observed in Glycine (12.4%) followed by Serine
(10.2%) and the lowest amino acid was observed to be Methionine (0.8%). The sequence has
27 negatively charged residues (Aspartic Acid, Glutamic Acid) and a total number of
positively charged residues (Arginine, Lysine) are 26.

The molecular formula of protein was found to be Ci1216H1958N3520373S13 and the total number
of the atoms was 3912. The extinction coefficient was 32595 having all Cysteine residues
from Cys measured in the unit of M™cm™ at 280 nM in water. The calculated aliphatic index
was 90.90.

Subcellular localization

Subcellular localization of hypothetical protein provides information about their cellular
function. The subcellular localization of query protein was characterized to be nuclear protein
observed by Plant-mPLoc. The results were validated by SOSUI and Predict Protein server.

Secondary structure analysis

For the prediction of secondary structure, SOPMA server was used. The most abundant
amongst them was random coil, i.e. 54.14%, alpha helix was found to be 28.20% and the
extended strand was 15.04% whereas, beta turns was found as 2.63% as shown in Fig. 1.
The results were validated by PSIPRED and are shown in Fig. 2.
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Fig. 1 Predicted secondary structure of Ananas comosus
hypothetical protein OAY63476.1 by SOPMA
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Fig. 2 Validation of predicted secondary structure of Ananas comosus
hypothetical protein OAY63476.1 by PSIPRED server

Homology modeling

In silico analysis of hypothetical proteins aids in the determination of their biological
functions. This can be performed for predicting the 3D structure of the targeted protein.
In order to perform the homology modeling, the sequence was given to the server, where it
performs Blast for the query sequence to identify template. The highest template identity
score was found to be 28% which reveals the novelty of protein because there was no similar
template structure present in any database.

3D structure prediction

The 3D Structure of a protein was predicted by an ab initio method with the help of Phyre 2.
It gives a confidence level of 99.4% and results were validated through I-Tasser. Visualization
of the 3D model was performed through Discovery Studio is shown in Fig. 3.

Fig. 3 Structural analysis of Ananas comosus hypothetical protein OAY63476.1
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Quality assessment and structure validation

Reliability and accuracy of the predicted model were checked by ERRAT, which analyzed the
non-bonded interaction between different types of atom relying on the atomic interaction.
The quality factor was found to be 45.28 which is good enough to implement this protein in
drug designing and target identification. Whereas value obtained from VERIFY 3D was
17.33% has an average 3D-1D score greater than equal to 0.2 means that structure is
compatible and genuinely good. The stereo-chemical quality of the model was determined
through Ramachandran plot using RAMPAGE server. it was observed that 69% of the
residues are in the favored region, 22.5% is in the allowed region and 8.5% residues is in
outlier region which shows reliability and efficiency of the model. The Ramachandran plot is
shown in Fig. 4.
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Fig. 4 Ramachandran plot for the 3D model of studied
hypothetical protein OAY63476.1 by RAMPAGE server

Functional annotation

Results obtained from different databases revealed that the protein contains RING-variant
domain which is considered as C4HC3 zinc finger involved in various cellular processes.
Ring domains serve for binding with the ubiquitination enzymes along with their substrates
and therefore possess ligase activity, i.e. binding function. Similar results have been obtained
from Pfam database and results were significant, i.e. Pfam A match with the query sequence.

Comparative genome analysis
Results of Blast search uncover the fact that the hypothetical protein has the highest similarity
count with another uncharacterized protein plant.

Conclusion

This study was intended to create first 3D model of uncharacterized protein OAY63476.1 of
Ananas comosus. 3D model of protein was created by using computational method, i.e.
ab initio method and validated through different quality assessment method. Validation
results reflect the accuracy of our protein. Results revealed that protein contain ring variant
domain found to be associated with various cellular processes. In future, these results will
uncover further mechanism and this could be effective enough in identifying others novel
proteins in a same way as we have adopted for OAY63476.1.
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