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ABSTRACT

Phoenix dactylifera, commonly known as date or date palm, belongs to genus Phoenix and family Arecaceae, and its fruit
posseses high nutritional and therapeutic value with significant anticancer, antifungal, antibacterial, antioxidant
properties, immunostimulant activities and provide potential health benefits to the consumer. Hypothetical proteins of
Phoenix dactylifera are present in plant which function and structure is not predicted. In this study functional and
structural analysis of the HP AEG74552.1 of Phoenix dactylifera is conducted using Bioinformatics databases and tools.
The homology modeling of the AEG74552.1 is done with SWISS-MODEL server showing less identity with templates,
which manifest that the protein structure is not predicted. So the Ab-initio method was conducted to generate a 3D
structure. Validations parameters and quality evaluations determine the stability of the generated protein structure,
which has the genuinely good quality. As Phoenix dactylifera has the anticancer properties so we perform docking of this
protein with the hepatocellular proteins which show positive results. In future recommendations, this protein would help
to expect the structure and functions of several other HP in different species. The comparison studies of this work show
that this protein can used as a model against its similar proteins.
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INTRODUCTION

Hypothetical protein HP is a protein which is predicted from ORFs without any experimentally translation
validation. The many hypothetical proteins are produced from pseudo-genes, but there are some
hypothetical proteins which have a very high possibility of being expressed. These protein structures may
be from half of the coding regions of potential proteins in a genome [1]. The function of hypothetical
proteins has not been described and no significant information is present. HPs cover have the big ratio of
the protein coding regions in several genomes, and in each newly sequenced genome there present
almost 20-40% of hypothetical proteins [2,3]. As the structures and sequences of HPs are still remaining
non similar to other different proteins, HPs are also known orphan proteins or proteins of unknown
functions [4]. This is challenging task for general biology to understand the cellular functions of
hypothetical proteins. There are multiple approaches which annotate function of hypothetical proteins
differently [3].

Date palm (Phoenix dactylifera) is the most significant fruit crops in the East, Southern Europe, South
America, North Africa, India, and Pakistan [5]. Phoenix dactylifera show a wide range of diversity for its
phenotypic characteristics, like, sugar content, fruit color, flowering time and other fundamental traits
[6]. Although the Phoenix dactylifera tree is broadly planted in Middle East and North Africa, where it is
well known as primary source of food. Every plant part has some nutritional, economic, and medicinal
importance. The fruit (date) contains a wide range of nutritionally important components, such as,
vitamins, fiber, sugars, and some amounts of proteins and fats [7]. At maturity fruit is high-energy source
of food about 72% to 88% sugar content, which is usually sucrose. Date fruit is also a good source of iron,
calcium, copper, potassium, chlorine, phosphorus magnesium, and sulfur [5]. Phoenix dactylifera fruit also
possesses essential nutrients and therapeutic value with major antioxidant, anticancer, antibacterial,
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antifungal properties, immunostimulant activities and provide potential health benefits to the consumer.
The different varieties of dates, are unique for its medicinal properties as drug [8].

The protein three-dimensional (3D) structure is experimentally generated by nuclear magnetic resonance
(NMR) or x-ray crystallography or But these two methods are applied in a high throughput way for
structure determination. X-ray crystallography is difficult for proteins to form crystals and that’s why it is
limited and NMR can be applied to small protein only. Protein function is understood by its structure.
Therefore, the 3D structure of a protein molecule directly associated to the biological function of that
protein [9]. The classical concept of protein structure formation is folding and the process is initiated by
quick development of secondary structural elements, then the actual 3D organization of the tertiary
structure fold slowly [10]. Hypothetical proteins Structures are responsible for their biophysical or
biochemical functions. 3D structure can be responsible for the function of hypothetical proteins. The
protein functions prediction from sequence and structure is a tougher problem, because homologous
proteins have often different functions. Most of the methods for the prediction of function depend on
identifying similarity in the structure or sequence of hypothetical protein and protein with known
function [11]. Computational biochemical and Genetic, tools are usually used for the function prediction
of such hypothetical proteins. The 3D structure of hypothetical proteins determined by structural
genomics initiatives, and annotate the function by understanding the distinctive features of a protein
structure, i.e. mode and nature of functional group or metal ion binding, the fold and regulatory sites
similarity with other known proteins functions [3]. Scientists established Numerous computational
methods and various tools for the prediction of protein function [12].

Hepatocellular carcinoma (HCC) i.e. Liver cancer is the most significant cancers in the world and also
main reason for deaths, as per world health organization (WHO) it is more common in male than females
worldwide. According to WHO approximation the 40,710 new cases of HCC and 28,920 mortals because
of liver cancers [8, 13]. In Pakistan majority of HCC fluctuates from 3.7%-16% of death causing cancers.
The most common reason in Pakistan for HCC is the viral hepatitis B, C and D, and about 87% is caused
due to the viral hepatitis C (68%) or hepatitis B (22%) [13].

The current work is based on the prediction of structure and function of a HP protein of Date Palm
Phoenix dactylifera. Many hypothetical proteins have been found in the proteome of several organisms,
and in the Date genome we have found 3 hypothetical protein and this hypothetical protein AEG74552.1
is selected on the basis of homology modeling similarity. Hypothetical protein AEG74552.1, has only the
amino acid sequence is available, but structure and function are not present. And after the prediction of
the structure and function of HP AEG74552.1 it can act as a ligand molecule for the cure of Hepatocellular
carcinoma. We have selected the mutated protein of HCC i.e. P53 and dock it with our predicted
hypothetical protein.

MATERIAL AND METHODS

Sequence Retrieval of hypothetical protein:

The sequence of amino acids of this hypothetical protein of date palm Phoenix dactylifera AEG74552.1
was downloaded from the NCBI (https://www.ncbi.nlm.nih.gov/ ).

Physiochemical analysis:

Physiochemical characteristics of hypothetical protein AEG74552.1 were performed utilizing ProtParam
tool package. (http://web.expasy.org/protparam/) [14].

Secondary Structure prediction:

The server PSPRIED was used to determine secondary structure prediction (helix, coils and sheets)
hypothetical protein[15]. another server SOPMA was used to validate the results from PSPRIED [16].
Subcellular localization:

The SOSUI server predicted the subcellular localization of phoenix dactylifera. [17]. The results from the
SOSUI server were cross-checked by PSORT [18].

Homology modeling:

The homology modeling for 3D structure of the protein AEG74552.1 was constructed using the total of
amino acid sequence of this protein in FASTA format from alignment of known protein structure from
SWISS-MODEL [19].

Functional annotation:

The analyzation of function for Phoenix dactylifera hypothetical protein AEG74552.1 was performed by
two different bioinformatics tools ProtFun 2.2 and ProFunc.

3D Structure:

The 3D structure of this hypothetical protein is predicted using the ITESSER server and cross-validated
from PHYRE2 and Protein Structure Prediction Server (PS)2.
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3D Structure Validation and Visualization:

Verify3D and ERRAT checked the errors in predicted 3D structure, and for the structural study and
verification SAVES server (http://nihserver.mbi.ucla.edu/SAVES/) is used. The structure visualization of
generated protein was performed by PyMol and Discovery studio 2016 [19.20].

Docking of Hepatocellular Carcinoma Protein with Hypothetical Protein:

The docking of two proteins hepatocellular carcinoma protein i.e. P53 selected on the basis of the
involvement in cancer with newly predicted hypothetical protein AEG74552.1 was performed by the
CLUSPRO server, which is a Protein-Protein docking server. And the results were visualized by the PyMol.

RESULT

Physiochemical characteristics of AEG74552.1:

The physiological characteristics of the amino acids of hypothetical protein AEG74552.1 are observed by
ProtParam online tool. The huge majority estimation in this server indicate protein stability and
steadiness, in the light of fact that the steadiness and stability is identified with its appropriate function
ability. This hypothetical protein was contain to be contain 639 amino acids, molecular weight of
71236.74 Daltons with isoelectric point (PI) of 6.01 which confirmed that the protein is negatively
charged. The instability index of this protein was estimated to be 49.14 which confirmed that this
hypothetical protein as stable. The GRAVY index of -0.253 is confirmed of a hydrophobicity and solubility
of this hypothetical protein. The most abundant amino acid residue was to be Leucine (68) followed by
Serine 55 and the least amino acid as Cysteine 8. The sequence had 76 negatively charged amino
acids (Asp + Glu) and 64 positively charged amino acids (Arg + Lys). The molecular formula of this
protein was found as C3182H4928N57400944S25.

Subcellular localization of AEG74552.1:

Subcellular localization of the AEG74552.1 protein which expected that where a protein is survives in a
cell. Subcellular localization of this hypothetical protein give information about cellular functions. The
information might be applied in understanding disease and drug designing. The subcellular localization of
this hypothetical protein was expected to be a cellular role, enzyme class and gene ontology analyzed by
SOSUI and cross checked by PSORTb.

Secondary structure of AEG74552.1:

The SOPMA server were used to predict the secondary structure of AEG74552.1 Protein. The random coil
was predict to be most predominant (42.88%) followed by Alfa helix that is (36.15%), extended strand
(16.90%) and beta turn was (4.07%). The analogous results were predicted form the predict protein and
PSIPRED servers. The illustrative of secondary structure of AEG74552.1 is predicted from the PSIPRED
server is shown is the figure 2:

Homology modeling of AEG74552.1:

We assume these hypothetical proteins a limitless unexplored field with numerous opportunities, both as
industrial as well as medical tools. In-silico analysis may help with determining biological functions of
such a hypothetical protein. This can be stimulated by expecting the 3D structure of the query protein. At
the point when the experimented structure is approachable, similar and homology modeling can be a
useful 3D model to the target protein that is determined with no smaller than one experimentally known
protein structure. Homology modeling identified the 3D structure of a query protein sequence build
principally with respect to its alignment to other proteins which structure is already known.

To perform homology modeling, the sequence of amino acids of the protein was given as input in SWISS-
MODEL server. BLASTP search technique was performed for each protein sequence to identify identical
templates for homology modeling. The maximum template identity was 20.65% which demonstrate that
AEG74552.1.is novel and no identical template structure is present in any database. The 3D structure of
this protein is predicted by Ab-initio method through ITASSER server and cross validate by Phyre2 server
which gave 100.0% Confidence in 3D model. This 3D model was analyzed by Discovery Studio 2016 and
PyMol as shown in figure 3.
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Figure 3: Structural analysis of Date (Phoenix dactylifera) hypothetical protein AEG74552.1

Structure Validation and Visualization:
Reliability and Stability of the build 3D model was checked by ERRAT that examined the statistic

calculation of the non-bonded interactions between various atom types, on the basis of characteristic
©2019 AELS, INDIA
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atomic interactions. The overall quality is identified that is AEG74552.1 Sufficient enough use to this
model. As confirmed by Verify3D program, the results indicated that AEG74552.1 of the residues had an
average 3D model -1D (amino acid score) score 65.57% meaning that this structures were well-matched
and genuinely good.

Functional annotation AEG74552.1:

For functional annotation of AEG74552.1 used two web softwares to search the potential functions. In
light of predictions made by ProtFun 2, and ProFunc which show that this protein is involved in cellular
role, amino acid biosynthesis, regulatory functions, replication and transcriptions. It was suggested as an
immune response, growth factor and metal iron transport as well as action as an enzyme.

Cellular role Gene ontology Enzyme class

. Biosynthesis of cofactors . Signal transducer . Oxidoreductase
. Cell envelope . Metal ion transport . Transferase
. Central intermediary . Structural protein . Ligase
metabolism . Transporter . Hydrolase

. Fatty acid metabolism . Ion channel . Lyase

J Purines and pyrimidines o Voltage-gated ion channel e Isomerase

. Regulatory functions . Cation channel

. Transport and binding . Transcription

. Replication and . Stress response

transcription . Immune response

J Translation . Transcription regulation

J Cellular processes . Receptor Hormone

. Energy metabolism

. Amino acid biosynthesis

Comparative genome analysis of AEG74552.1

For comparative genomic analysis of AEG74552.1 NCBI BLAST search technique was utilized for
comparing genome analysis of AEG74552.1 with other plant genomes. From the result the hypothetical
protein AEG74552.1 showed highest identity with other hypothetical proteins of many plants.

Docking of AEG74552.1 with P53:

The docking of the hypothetical protein AEG74552.1 of Phoenix dactylifera with the mutated protein of
P53 show The interaction between two proteins that they interact to each other and have the binding
energy is 6.49 and inhibition constant 8.10, The mutated receptor protein (PDB Id: 6ff9) and the
hypothetical protein AEG74552.1 are docked to each other. The good docking complex and the bonding
between these proteins shows that this hypothetical protein will be effective to cure the p53 mutated
proteins. And this will be the less cost drug protein from Date (Phoenix dactylifera) to cure the
hepatocellular carcinoma the docking results are shown in the Figure 4.

Figure 4: In this figure the mutated receptor protein (green PDB Id: 6f9) and the hypothetical protein
(pink) are docked to each other which show best docked result.
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CONCLUSION

Present study focus on the prediction of 3D structure of Hypothetical protein through ab-initio method,
and its function on the basis of the 3D structure. The 3D structure is the stable structure as validate from
different severs. Its functions are the cellular process, transport, Amino acid biosynthesis. In future
recommendations, this protein would help to expect the structure and functions of many other HP in
different species. The comparison studies of this work show that this protein can also be used as a model
against its similar proteins. Function of the protein shows that the protein is involved in many functions
on the basis of similarity with its family proteins. The protein is also utalize as the ligand for the
treatment of hepatocellular carcinoma. The purpose of using the date plant protein is that the date fruit
shows anti-cancerous properties. The docking of the hypothetical protein of Phoenix dactylifera
AEG74552.1 with the mutated protein of P53 shows the good docking complex and the bonding between
these proteins shows that this hypothetical protein will be effective to cure the p53 mutated proteins. And
this will be the less cost drug protein from Date (Phoenix dactylifera) to cure the hepatocellular carcinoma
in future.
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