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Abstract: Hypothetical proteins (HPs) are the proteins whose presence has been anticipated, 

yet in vivo function has not been built up. Illustrating the structural and functional privileged 

insights of these HPs might likewise prompt a superior comprehension of the protein-protein 

associations or networks in diverse types of life. Bananas (Musa acuminata spp.), including 

sweet and cooking types, are giant perennial monocotyledonous herbs of the order 

Zingiberales, a sister grouped to the all-around considered Poales, which incorporate oats. 

Bananas are crucial for nourishment security in numerous tropical and subtropical nations 

and the most prominent organic product in industrialized nations. In the present study,  

the hypothetical protein of M. acuminata (Banana) was chosen for analysis and modeling by 

distinctive bioinformatics apparatuses and databases. As indicated by primary and 

secondary structure analysis, XP_009393594.1 is a stable hydrophobic protein containing a 

noteworthy extent of α-helices; Homology modeling was done utilizing SWISS-MODEL 

server where the templates identity with XP_009393594.1 protein was less which 

demonstrated novelty of our protein. Ab initio strategy was conducted to produce its  

3D structure. A few evaluations of quality assessment and validation parameters determined 

the generated protein model as stable with genuinely great quality. Functional analysis was 

completed by ProtFun 2.2, and KEGG (KAAS), recommended that the hypothetical protein is 

a transcription factor with cytoplasmic domain as zinc finger. The protein was observed to 

be vital for translation process, involved in metabolism, signaling and cellular processes, 

genetic information processing and Zinc ion binding. It is suggested that further test 

approval would help to anticipate the structures and functions of other uncharacterized 

proteins of different plants and living being. 
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Introduction 
Hypothetical proteins (HPs) are proteins whose presence has been anticipated yet in vivo 

function has not been built up [11, 25]. HPs generally cover around a large portion of the 

protein coding regions in many genomes. In spite of the fact that their functions have yet not 

been very much described, they may have their own significance to complete genomic and 

proteomic data [17, 23]. Legitimate structural and functional annotations of HPs of specific 

genome may prompt the locating of new structures and also new functions and help to present 

extra protein pathways and cascades, in this way finishing our sketchy information on the 

mosaic of proteins [17]. Illustrating the structural and functional privileged insights of these 

HPs might likewise prompt a superior comprehension of the protein-protein associations or 
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networks in diverse types of life, for example, plants, microorganisms, and so forth [14]. 

Besides, novel HPs might likewise serve as markers and pharmacological targets for drug 

design, revelation and screening [19, 21].  

 

Bananas (Musa Acuminata spp.), including sweet and cooking types, are giant perennial 

monocotyledonous herbs of the group Zingiberales, a sister group to the very much examined 

Poales, which incorporate grains. Banana is a key for nourishment security in numerous 

tropical and subtropical nations and the most famous organic product in industrialized 

nations. Banana cultivars principally include M. acuminata (A genome) and M. balbisiana  

(B genome) and are some of the time diploid yet for the most part triploid. M. acuminata is 

diploid wild types of banana. Bananas are perpetual monocotyledonous herbs of the group 

Zingiberales to which ginger and cardamom additionally have a place. Bananas are critical for 

nourishment security in numerous tropical and subtropical nations and a vast scope of sorts 

can be discovered, including those utilized as vegetables and as organic products.  

While domestication included hybridization between various species and subspecies, a 

significant part of the present generation depends on clones got from one triploid genotype – 

Cavendish. M. acuminata has a haploid chromosome number of 11, containing 390 Mb with 

36,000 protein encoding genes [9].  

 

In recent years, various hypothetical proteins have been found in the genome of numerous life 

forms. In any case, because of a few restrictions, for example, the expense and time needed 

for exploratory methodologies, complete genome annotations have not accomplished yet.  

In addition, the extensive amount of theoretical proteins in a genome makes their study a 

troublesome task. Bioinformatics methodologies using distinctive algorithms and databases to 

estimate protein capacity would be a decent different option for laboratory research facility 

based techniques. As these algorithms and databases are in light of experimental results, they 

can be a compelling intends to perform functional and structural annotation of hypothetical 

proteins [25]. 

 

In the present study, the M. acuminata hypothetical protein XP_009393594.1, belongs to 

AAA group was chosen as the primary amino acid sequence of the protein is accessible 

however structural details are not accessible. The study meant to analyze the physiochemical 

and secondary structure components, to produce the first three-dimensional (3D) model 

through Ab initio technique, and finally to perform functional annotations. The result of this 

work will be useful for better comprehension of the mechanism of this protein and 

discovering other novel proteins and their functions by same method that we have 

accomplished for M. acuminata protein. 

 

Materials and methods 

Sequence retrieval 
The amino acid sequence of the M. acuminata hypothetical protein XP_009393594.1 was 

retrieved from the Uniprot database (http://www.uniprot.org/). 

 

Physiochemical analysis of the protein 

Analysis of the physiochemical characteristics of the studied protein such as molecular 

weight, theoretical pI, amino acid composition, atomic composition, instability index, and 

grand average of hydropathicity (GRAVY) were performed using ProtParam tool 

(http://web.expasy.org/protparam/) [12]. 
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Secondary structure analysis 

The server SOPMA was utilized for secondary structure predictions (helix, sheets, and coils) 

of the hypothetical protein [13]. In addition to that, the PSIPRED [6] and PredictProtein [26] 

servers were also exploited to validate the results obtained from SOPMA. 

 

Subcellular localization prediction 

Subcellular localization of M. acumianta was predicted by PSORT [19]. Results were also 

cross-checked with subcellular localization predictions obtained from SOSUI server and 

Predict-Protein servers [30]. 

 

Homology modeling of the hypothetical protein 

The conceivable 3D structure of the protein XP_009393594.1 was constructed through 

alignment mode in protein structure homology modeling server SWISS-MODEL [2, 20] 

using the full amino acid sequence of the protein in FASTA format. 

 

Quality assessment of the 3D model and visualization 

The initial structural model obtained, was checked for acknowledgement of errors in  

3D structure [27] by ERRAT and Verify3D programs included in structural analysis and 

verification server SAVES (http://nihserver.mbi.ucla.edu/SAVES/) [5, 8]. The Ramachandran 

plots for the model were constructed using the RAMPAGE server [18], showing the 

percentage of protein residues in the favored, allowed and outlier regions. The visualization of 

generated model was performed by Discovery studio 4.1 [23]. 

 

Functional annotation of the protein 

M. acuminata hypothetical protein XP_009393594.1 was analyzed for the function.  

Three different bioinformatics tools and databases including ProtFun 2.2 [33], ProFunc [10], 

and NCBI Conserved Domains Database (NCBI-CDD) [20] were utilized for this reason. 

 

Moreover, KEGG automatic annotation server (KAAS) was used to analyze the involvement 

of M. acuminata hypothetical protein in the metabolic pathways [21]. 

 

Submission of the model in protein model database 

The model generated for M. acuminata hypothetical protein XP_009393594.1 was 

successfully submitted in Protein Model Database (PMDB) (http://bioinformatics.cineca.it/ 

PMDB/). 

 

Results and discussion 
Physiochemical characteristics of XP_009393594.1 

The ExPASy’s ProtParam server was utilized to examine the theoretical physiochemical 

characteristics of the amino acid sequence of hypothetical protein XP_009393594.1. The vast 

majority of the calculations in this server exhibit protein steadiness and stability, in light of 

the fact that the stability is identified with its appropriate function capacity [1]. The protein 

was predicted to be comprised 280 amino acids, with a molecular weight of 30302.3 Daltons 

and an isoelectric point (P
I
) of 5.40 demonstrated a negatively charged protein. The instability 

index of the protein was computed to be 56.52, which demonstrated this protein as stable.  

The GRAVY index of -0.214 is demonstrative of a hydrophobicity and solubility of protein. 

The most plenteous amino acid residue was observed to be Serine (30), followed by Glycine 

(26) and the most minimal amino acid as Tyrosine (3). The sequence had 27 negatively 

charged residues (Aspartic acid + Glutamic acid) and 20 positively charged residues 
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(Arginine + Lysine). The molecular formula of the protein was found as 

C1300H2080N378O414S21. 

 

Subcellular localization of XP_009393594.1 

Protein subcellular localization predictions include the computational expectation of where a 

protein lives in a cell. Predicting subcellular localization of unknown proteins can give 

information about their cellular functions. This information could be utilized in understanding 

disease mechanism and developing drugs [32]. The subcellular localization of the query 

protein was anticipated to be a cytoplasmic protein, analyzed by SOSUI and confirmed by 

PSORTb v3.2.0 and Predict Protein severs. 

 

Secondary structure of XP_009393594.1 

First the secondary structure of the protein was predicted by SOPMA server. The alpha helix 

was found to be the most predominant (30%), followed by random coil (56%) and extended 

strand (13%). Likewise, beta turn was found as 0.0%. Second, the similar results were 

obtained from Predict-Protein and PSIPRED servers. The delegate secondary structure of 

XP_009393594.1 obtained from the PSIPRED server is shown in Fig. 1. 

 

Homology modeling of XP_009393594.1 

We assume these uncharacterized proteins a limitless unexplored field with various 

opportunities, both as medicinal and industrial tools. In silico examination may help with 

deciding the biological functions of such un-characterized proteins. This can be encouraged 

by anticipating the 3D structure of the target protein. At the point when the tentatively 

experimented structure is inaccessible, similar or homology modeling can now and then give 

a helpful 3D model to the protein of interest that is identified with no less than one known 

protein structure. Homology modeling predicts the 3D structure of a given protein sequence 

construct principally with respect to its alignments to one or more proteins of known  

structure [24]. 

 

To perform the homology modeling, the query sequence was given as input in  

SWISS-MODEL server. The server consequently performed BLASTP search for each protein 

sequence to identify templates for homology modeling. The highest template identity was 

39% which showed that XP_009393594.1 hypothetical protein is novel and no similar 

template structure is present in any databases. We predicted the 3D structure of 

XP_009393594.1 hypothetical protein by Ab initio method through Phyre 2 server and  

3D Jigsaw server which gave 99.3% confidence in model. The 3D model was viewed by 

Discovery studio 4.1 and shown in Fig. 2. 

 

Quality assessment and visualization 

Reliability of the generated model was initially checked by ERRAT that analyzed the 

statistics of non-bonded interactions between diverse atom types, based on characteristic 

atomic interactions. The overall quality factor was found as 78.99%, sufficient enough to use 

this model. As demonstrated by the Verify3D program, the results showed that 8.33% of 

residues had an average 3D (atomic model) – 1D (amino acid) score ≥ 0.2 meaning that this 

structures was compatible and genuinely good. 
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Fig. 1 Predicted secondary structure  

of M. acuminata hypothetical protein XP_009393594.1 by PSIPRED server 

 

 
Fig. 2 Structural analysis of M. acuminata hypothetical protein XP_009393594.1 
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Ramachandran plots were resolved. Z-score of the query model was checked from 

PROSAweb. The model’s Z-score was not shown due to novelty of XP_009393594.1 protein. 

The Z-score is used to estimate the quality of model using structured solved proteins as 

references [3]. The stereo chemical quality of the model protein was examined using 

Ramachandran plots through the RAMPAGE server. Ramachandran plot analysis observed 

80% of residues of the protein’s model structure in the favored region, with 13.8% and 6.2% 

residues in allowed and outlier regions, individually, indicating that the model was reliable 

and of good quality shown in Fig. 3. The final protein structure was deposited in PMDB and 

is available under ID PM0080295. 

 
Fig. 3 Ramachandran plot for the 3D model of the studied hypothetical protein 

XP_009393594.1 by RAMPAGE server 

 

Functional annotation of XP_009393594.1 

We utilized three web tools to search the potential functions of XP_009393594.1. In light of 

predictions made by ProtFun 2.2, and KEGG (KAAS), XP_009393594.1 was suggested as a 

transcription factor with cytoplasmic domain as a zinc finger. Zinc finger (Znf) domains are 

moderately small protein motifs which contain multiple finger-like protrusions that make 

tandem contacts with their target molecule. Some of these domains bind zinc, but numerous 

do not. The protein was found to be crucial for the translation process, involved in 

metabolism, signaling and cellular processes and genetic information processing, and Zinc ion 

binding. The function of XP_009393594.1 is shown in Table 1. 
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Table 1. Function involvement of XP_009393594.1 in different functional pathways 

Metabolism 
Genetic information 

processing 

Signaling and cellular 

processes 

Enzymes 

Protein kinases 

Protein phosphatases and 

associated proteins 

Peptidases 

Glycosyl transferases 

Lipopolysaccharide 

biosynthesis proteins 

Lipid biosynthesis proteins 

Poly ketide biosynthesis 

proteins 

Prenyl transferases 

Amino acid related enzymes 

Cytochrome P450 

Photosynthesis proteins 

 

Transcription factors 

Transcription machinery 

Messenger RNA biogenesis 

Spliceosome 

Ribosome 

Ribosome biogenesis 

Transfer RNA biogenesis 

Translation factors 

Chaperones and folding 

catalysts 

SNAREs 

Ubiquitin system 

Proteasome 

DNA replication proteins 

Chromosome and 

associated proteins 

DNA repair and 

recombination proteins 

Mitochondrial biogenesis 

 

Transporters 

Secretion system proteins 

Bacterial toxins 

Two-component system 

Bacterial motility proteins 

Cytoskeleton proteins 

Exosome 

Prokaryotic defense system 

G Protein-coupled Receptors 

Enzyme-linked receptors 

Cytokine receptors 

Nuclear receptors 

Ion Channels 

GTP-binding proteins 

Cytokines 

Cell adhesion molecules and 

their ligands 

CD molecules 

Proteoglycans 

Glycosaminoglycan binding 

proteins 

Lectins 

Non-coding RNAs 

 

Comparative genome analysis of XP_009393594.1 
We utilized NCBI Blast search tool for comparative genome analysis of XP_009393594.1 

hypothetical protein of M. acuminata with other plant genomes. In the result the 

XP_009393594.1 showed highest similarities with other uncharacterized hypothetical proteins 

of several plants.  

 

Conclusion 
The present study was directed to create the first 3D structure and propose possible functions 

of the M. acuminata hypothetical protein XP_009393594.1. The 3D model of the protein was 

constructed using Ab initio method as well as refined by few structural assessment methods 

and the final outcome was genuinely great. We observed that this novel protein is a stable 

cytoplasmic protein and function as a transcription factor with a zinc finger domain.  

The protein was observed to be crucial for the translation process, also involved in 

metabolism, signaling and cellular processes and genetic information processing.  

The molecular function of protein was found as Zinc ion binding. From genomic similarities 

we conclude that this hypothetical protein may be checked for same function as of 

XP_009393594.1. Moreover, this sort of methodology could be helpful in the structure and 

functions prediction of other uncharacterized proteins.  
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