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Abstract - Wolbachia surface protein (WSP) is an eight beta-barrel, trans-membrane structure, which participates in host immune 

response, cell proliferation, pathogenicity and controlled cell death program. The current study employs the bio-informatics tool to 

unravel the structural and functional properties of the WSP infecting drosophila.  The present study was focused on sequence analysis, 

insilico prediction of the secondary and tertiary structure of wsp sequence. Sequence analysis and physiochemical properties revealed 

that this protein is highly stable, negatively charged and having more hydrophobic regions. SOPMA was used to predict secondary 

structure of wsp, which revealed that the protein contains more of random coils and extended strands than alpha helix and beta sheets. 

SVM prot analysis revealed the functionality of protein including the details of metal binding sites. Multiple sequence alignment was 

performed using MUSCLE server which revealed highly conserved regions. The RNA structure was predicted by using Genebee 

service software, a set of homologous sequences as the stems with their free energy. The protein orientation and trans-membrane 

region was predicted using TMpred, which will be useful for drug designing. The predicted 3D model was analyzed using Swiss 

Model which will be helpful for further structure based studies. 
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INTRODUCTION 

The genus Wolbachia (Rickettsiaceae) is a group of intracellular, gram-negative and endosymbiontic  bacteria  that belong to the order  

Rickettsiales  in  the  α-subdivision  of  the  class  Proteobacteria [35]. The genus Wolbachia comprises a group of maternally inherited 

intracellular bacteria that have been identified in a wide range of arthropod hosts. They are parasitic bacteria of invertebrates including 

insects, chelicerates, crustaceans, nematodes and dipterans. 

Although, Wolbachia usually is vertically transmitted, there are cases of horizontal transmission even across host species [36 & 19]. 

Wolbachia infection commonly causes reproductive disorders such as feminization, parthenogenesis and cytoplasmic incompatibility, 

but also direct morbidity such as neural tissue invasion and destruction [21]. 

The fruit fly Drosophila melanogaster, offers the ideal opportunity to investigate the host-parasite interaction. Not only is it an 

extremely powerful model host for investigating all aspects of infection and immunity [6 & 23], it is also one of the best-developed 

model systems for behavioral ecology and genetics [30 & 24]. Wolbachia is present in most natural population of D.melanogaster, 

although with variable frequencies of infection [25]. 

Wolbachia surface protein (WSP), an abundantly expressed protein of Wolbachia, was identified in the endobacteria of 

Drosophila spp, and has been characterized for Wolbachia residing in D. immitis [5 & 3]. WSP is a low-molecular-weight protein of 

22 kDa. WSP belongs to pfam0617, primarily defined by antibody recognition. 

Wolbachia surface protein (WSP) is an eight beta-barrel transmembrane structure which participates in host immune response, cell 

proliferation, pathogenicity and controlled cell death program. Recombination has a large impact on diversity of this protein including 

positive selection, which is major constraint on protein evolution. In Wolbachia, increased recombination is observed in ankyrin 

proteins, surface proteins and in some hypothetical proteins. 

The wealth of Wolbachia surface protein sequence information that has been made publicly available in recent years requires the 

development of high‐throughput proteomics approaches for its analysis. Characterization of proteins of interest from a particular 

biological study requires the application of suitable bioinformatics tools to process, annotate and prioritise the data in order to gain 

maximum benefit from the results generated. 

From a protein function standpoint, transfer of annotation from known proteins to a novel target is currently the only practical way to 

convert vast quantities of raw sequence data into meaningful information. New bioinformatics tools now provide more sophisticated 

methods to transfer functional annotation, integrating sequence, family profile and structural search methodology. 

Present study explored the physicochemical nature, three dimensional structure and detail of interactions and functions of the wsp 

structure. The structural characterization of WSP would provide the clues to its biological function, physiological role and is a 

prerequisite for the development of new drug targets. The physicochemical and the structural properties of the proteins are well 

understood with the use of computational tools by through insilico analysis. The statistics about a protein sequence such as number of 

amino acid, frequency is predicted by CLC work bench. Simple Modular Architecture Research Tool (SMART) is a biological 

database that is used in the identification and analysis of protein domains within protein sequences [29 & 17]. Sequence length, and 
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the physico-chemical properties of proteins such as molecular weight, extinction coefficient, GRAVY, aliphatic index, instability 

index, etc., can be computed by ProtParam. The TMpred program makes a prediction of membrane-spanning regions and their 

orientation. The algorithm is based on the statistical analysis of TMbase, a database of naturally occurring transmembrane proteins. 

The prediction is made using a combination of several weight-matrices for scoring [15]. MUSCLE stands 

for Multiple Sequence Comparison by Log- Expectation. The protein 3D model and its characteristics can be predicted by Swiss 

model server [32]. Protein homology modeling and analogy recognition is made through Phyre2 online server. Further Computer-

aided techniques for the efficient identification and optimization of novel molecules with a desired biological activity have become a 

part of the drug discovery process. 

Bioinformatics has revolutionized in the field of molecular biology. The raw sequence information of proteins and nucleic acid can 

convert to analytical and relative information with the help of soft computing tools. Prediction of protein function is important 

application of  bioinformatics. The amino acid sequence provides most of the information required for determining and characterizing 

the molecule‗s function, physical and chemical properties. Sequence analysis and physicochemical characterization of proteins using 

biocomputation tools have been done by many researchers and reported [2, 18, 26, 20, & 34]. 

The extensive knowledge available on Drosophila provides a solid base on which to test new hypothesis on host–Wolbachia 

interactions. The main objective of this study was to perform physiochemical characterization of the wsp in Drosophila, which are 

very much necessary in understanding the Wolbachia -host interactions with special reference to parasitic Wolbachia, which causes 

different reproductive anomalies in arthropod hosts. The structural characterization would provide the clues to its biological function, 

physiological role and is a prerequisite for the development of integrated pest managements. 

 

Materials and Methods: 

 

Protein sequence retrieval : The Protein Sequences of  wolbachia  surface  protein(15 sequences) were retrieved  in  FASTA format 

from  NCBI  database (Table1) . 

Amino acid Composition:  The amino acid composition of selected proteins were computed using the tool CLC free workbench 

(www.clc.bio.com/..../clc-main-workbench), tabulated in (Table-2). 

Primary structure analysis: Counts of hydrophobic and hydrophilic residues were calculated from the primary structure analysis by 

CLC workbench (Table-3). 

Physiochemical parameters: The physiochemical parameters such as theoretical isoelectric point (Ip), molecular weight, total 

number of positive and negative residues, extinction coefficient, instability index [8] aliphatic index [7] and grand average hydropathy 

(GRAVY) [16] were computed using the Expasy‗s ProtParam server (http://web.expasy.org/protparam/) [22], and tabulated in (Table-

4). 

Secondary structure prediction: The secondary structure was predicted by self-optimized prediction method with alignment by 

SOPMA server (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.plpage=npsa_sopma.html) [2] (Table-5). 

Domain architecture analysis: Domain organization and domain composition was analyzed using Simple Modular Architecture 

Research Tool (SMART) (http://smart.embl-heidelberg.de) (Table-6). 

SVM prot analysis: The protein function prediction and classification of proteins were analyzed using SVM Prot 

(http://jing.cz3.nus.edu.sg/cgi-bin/svmprot.cgi.) (Table-7). 

Transmembrane region prediction: Transmembrane helices were predicted by the TMpred software. 

(http://www.ch.embnet.org/software/TMPRED_form.html) (Fig-1) (Table-8). 

Sequence Homology Analysis: The sequence homology was analyzed by MUSCLE (http://www.ebi.ac.uk/Tools/msa/muscle/) (Fig-

2). 

Tertiary structure Prediction: Tertiary structure prediction (Fig-3) of wolbachia surface protein was performed using bioinformatics 

tool Phyre2 (www.sbg.bio.ic.ac.uk/phyre2/index.cgi). 

RNA structure prediction: The protein sequences were reverse transcribed to DNA using Sequence manipulation suite (SMS) 

(http://www.bioinformatics.org/sms2/rev_trans.html). The reverse transcribed DNA was converted to RNA using transcriptional and 

translational tool (http://www.attotron.com/cybertory/analysis/trans.html). RNA structure was predicted using 

(http://www.genebee.msu.su/services/rna2_reduced.html) (Fig-4). 

Swiss model: SWISS-MODEL is a fully automated protein structure homology-modeling server, accessible via the ExPASy web 

server or from the program Deep View (Swiss Pdb-Viewer) (http://swissmodel.expasy.org/). The purpose of this server is to make 

Protein Modeling accessible to all biochemists and molecular biologists worldwide. (Fig-5) 
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 (Table 1) - Wolbachia Surface Protein Sequences Retrieved from NCBI 
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(Table 2)- REPRESENTATION OF FREQUENCY OF AMINO ACIDS of WSP 
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  (Table 3)-Hydrophilic and hydrophobic residues computed by CLC WORK BENCH 
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(TABLE 4) – Physiochemical Parameters Computated by Expasy ProtParam 

 

(TABLE 5)-  Representation Of helix, sheets, turns, coils by Garnier peptide Analysis through online tool by SOPMA 
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 (TABLE 6) - SMART ANALYSIS 

 

(TABLE 7)- SVMPROT ANALYSIS 

 

 

(TABLE 8)- Transmembrane region scoring showing helices (ABD75481.1) 
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(TABLE 9)-  RNA structure stems with free energy (ABD75481) 

 

 

(Fig-1) Transmembrane region prediction (ABD75481.1) 
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(Fig-2) MUSCLE-Multiple sequence alignment of wsp drosophila 

Conserved sequences for hierarchical clustering, primary constructions, identity percentage strong  and weakly similar sequences is                    

predicted. 

 

Alignment data;   

Primary Construction. KKYMFYPDFLCKQPSE2C, Alignment length: 

Identity (*): Strongly similar (:): Weakly similar (.) 

 

(Fig- 3) RNA Structure prediction (ABD75481.1) 
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(Fig- 4) Protein Homology/analogy recognition by Swiss model (ABD75481.1) 

       

          Model 1                                               Model 2                                        Model 3 

 

(Fig-5) Model building using SWISS model of (ABD75481.1) 

 

(Fig - 6)  3D View  Of  The  Structure With Ligand Binding: (ABD75481.1) 
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DISCUSSION: 

Annotation of protein function is one of the key problems in post genomic era. This demands bioinformatics and computational 

biology to predict the function of unannoated hypothetical proteins by using various efficient tools and web servers. In our study, the 

analysis of Wolbachia surface protein was done using various bio-informatics tools and servers. The sequence and structural features 

of wsp and its complexities was annotated. The results of which allows for the designing of desired drugs. The results are discussed 

under following heads; 

Amino acid composition: 

The physiochemical analysis of amino acids of wsp in drosophila was analyzed by CLC workbench, which revealed the sequence 

length of all amino acids which is found to be 180-189 amino acids, tabulated in (Table 1). The most abundant amino acids present in 

this protein were  Glycine, Alanine and Valine which are tabulated (Table 2).This abundancy of  these amino acids in the protein 

reveals that the protein is hydrophobic in nature since these amino acids has side chains and has small dipole  moments. 

Residues of cysteine and tryptophan are absent which predicts the absence of  Sulphide Bridge in the protein. 

Primary sequence analysis:  

The primary sequence analysis predicted by CLC work bench revealed that the Wolbachia surface protein are hydrophobic in nature 

as its percentage is more which ranges between  93-101 (Table 3).  

Physiochemical Analysis: 

Physiochemical properties of WSP by ProtParam tools are presented in (Table 4). Results show that wsp has a molecular weight of 

20533 Daltons, which has highest sequence length of 186 aa (ABD75479.1) and least was found to be 19525 Daltons with its 

sequence length of 182 aa (AFP86012.1). 

Isoelectric point is the pH at which the surface of a protein is covered with charge but net charge of protein is zero. The computed PI 

value reveals that the protein is basic in nature, due to its least soluble property. Computed isoelectric point of proteins > 7 soluble is 

acidic buffers. Isoelectric point is predicted which ranges from 4.25 - 5.25  (Table 4).Useful for developing buffer system for 

purification of proteins and separating the protein on a polyacrylamide gel by isoelectric focusing. 

Extinction co-efficient of wsp at 280nm is ranging from 17880-24870M⁻¹ Cm⁻. This infers that the protein can absorb the light at 

280nm.The extinction co-efficient can be used to calculate the concentration of a protein in solution.  

 

Stability of wsp was studied by analyzing the values for instability index, aliphatic index and Grand average of hydropathicity 

(GRAVY) index. 

 

A protein whose instability index is below 40 is predicted as stable, and a value above 40 leads to structural instability. Here the 

instability index ranges from 16.89 to 27.06 thereby classifying the protein as stable. The aliphatic index refers to the relative volume 

of a protein that is occupied by aliphatic side chains and contributes to the increased thermo stability of protein. Aliphatic index of 

wsp was 77.83-87.36 which indicates that the proteins are thermo stable. GRAVY index indicates the solubility of proteins, GRAVY 

index of wsp was -0.011 to -0.229. A negative GRAVY value for wsp describes it to be hydrophobic in nature. This indicates 

interaction with water. Though it can play a role in substrate recognition. Here the protein sequences showing negative value indicate 

the stability of protein. In particular, hydrophobic amino acids can be involved in binding/recognition of ligands. 

 

Secondary Structure Prediction: 

SOPMA was employed for calculating the secondary structural features of the selected protein sequences considered in this study. 

This method calculates the content of α-helix, β-sheets, turns, random coils and extended strands. SOPMA is a neural network based 

methods; global sequence prediction may be done by this sequence method [22]. 

High percentage of helices in the structure makes the protein more flexible for folding, which might increase protein interactions. 

Moreover the predicted secondary structural information of wsp was considered to improve the target-template alignment and for 

building 3D model of the wsp. 

The secondary analysis showed that wsp contain more of random coils and extended strands (range: 20-40%) than alpha sheets and 

beta sheets. High percentage of random coils and extended strands in the structure makes the protein more flexible and which might 

increase protein interactions. 
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Being hydrophobic, glycine prefers to be buried in protein hydrophobic cores. It also shows a preference for being within extended 

strand more so than in beta strands. The very high coil structural content of wsp is due to the rich content of more flexible glycine and 

hydrophobic. Proline has a special property of creating links in polypeptide chains and disrupting ordered secondary structure. The 

consequence in which most of the amino acid side chains of  trans membrane segments is non-polar (e.g. Gly, Ala, Val ,Asp, Serinr, 

leu, Phe) and the very polar CO-NH groups (peptide bonds) of the polypeptide backbone of  trans membrane segments which 

participates in hydrogen bonding (H-bonds) in order to lower the cost of transferring them into the hydrocarbon interior. This H-

bonding is most easily accomplished with alpha-helices for which all peptide bonds are H-bonded internally. The distribution of 

amino acids in WSP complex protein (Table 5) shows random distribution of alpha helix, beta turns, extended strands and more 

distribution of random coils from all these organisms. 

  

Domain Analysis: 

SMART Analysis- 

Many proteins are multidomain in character and possess multiple functions that often are performed by one or more component 

domains. A Web-based tool (SMART) has been designed that makes use of mainly public domain information to allow easy and rapid 

annotation of signaling multidomain proteins. The tool contains several unique aspects, including automatic seed alignment 

generation, automatic detection of repeated motifs or domains, and a protocol for combining domain predictions from homologous 

subfamilies. The ability of SMART to annotate single sequences or large datasets is exemplified by the cases described in wsp. Expect 

value (E) a parameter that counts the number of hits one can "expect" to see by chance for a database of a particular size. It decreases 

exponentially as the Score (S) of the match increases. Here it is in the range 536, 1640, 2260 (ABD75491.1, ABD75488.1, and 

AFP86012.1) respectively (Table 6). 

SVM prot Analysis- 

Support vector machines method for the classification of proteins with diverse sequence distribution. SVMProt shows a certain degree 

of capability for the classification of distantly related proteins and homologous proteins of different function and thus may be used as 

a protein function prediction tool that complements sequence alignment methods. It has been employed in protein studies including 

protein–protein interaction prediction, fold recognition, solvent accessibility and structure prediction. The prediction accuracy ranges 

from 1.1 to 99% in this study. Thus SVM classification of protein functional family, a potentially developed into a protein function 

prediction tool to complement methods based on sequence similarity and clustering. In wsp metal binding sites, revealed through this 

server was Zinc Binding, All Lipid protein and outer membrane protein family was found in only four  species of  drosophila which 

was 1.0 is the R value and 58.6 is the P value.(ABD75491.1, ABD75490.1,  AFP86012.1 and AFP85988.1)  (Table 7). 

Based on the Classification of  proteins of our interest and  its values, we  predict  that , these  proteins  may  act as drug targets ,  

Metal binding sites, bonding  involved  ligation and  integrated  pest management is concerned.  

 

Transmembrane region prediction 
The difference between the value of sequence scored and the threshold indicates the possibility of the protein being an outer 

membrane protein. TMbase is a database of transmembrane proteins and their helical membrane- spanning domains. Possible 

transmembrane helices, of the accession number (ABD75481.1), the sequence positions  inside to outside 2 helices is found and 

outside to inside  2 helices is found. Transmembrane topology suggestions are purely speculative and should be used with extreme 

caution since they are based on the assumption that all transmembrane helices have been found. In most cases, the prediction plot (Fig 

1) that is created should be used for the topology assignment of unknown proteins. 

The sequence positions in brackets dominate the core region. Only scores above 500 are considered significant (Table 8). So, looking 

at these values we can interpret that they are insignificant because the score is below 500. 

These results showed that wolbachia surface protein has two trans-membrane domains and it is a cytoplasmic protein having two 

transmembrane regions (Table 8). This shows that wsp has membrane binding properties and can be involved in transport of materials 

across the cell membrane.  

 

Sequence Homology Analysis- 

The identification of catalytic residues is a key to understanding the function of enzymes. MUSCLE server was used for multiple 

sequence alignment of WSP of various drosophila species (Fig 2).With the information from other functionally similar sequences with 

known crystallographic structures, we can identify the key catalytic residues. The compared sequences varied in length but essentially 

conserved the key catalytic residues which have been highlighted with an asterisk (*) symbol. 

 Multiple sequence alignment of wsp sequences revealed significant conserved (glutamine, threonine and aspartic acid) and semi 

conserved regions (valine, alanine and aspartic acid) are represented as strongly similar (:): Weakly similar (.) as shown in (Fig 2). 

Multiple Sequence alignment is widely accepted method which provides the researchers for strain typing [10].  
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RNA Structure Prediction 

RNA is now appreciated to serve numerous cellular roles, and understanding RNA structure is important for understanding a 

mechanism of action. This contribution discusses the methods available for predicting RNA structure (Fig 3). Secondary structure is 

the set of the canonical base pairs, and secondary structure can be accurately determined by comparative sequence analysis. Secondary 

structure can also be predicted. The most commonly used method is free energy minimization. The free energy of 19 stems are 

tabulated (Table 9).The accuracy of structure prediction is improved either by using experimental mapping data or by predicting a 

structure conserved in a set of homologous sequences. Additionally, tertiary structure, the three-dimensional arrangement of atoms, 

can be modeled with guidance from comparative analysis and experimental techniques. New approaches are also available for 

predicting tertiary structure. 

Tertiary Structure Analysis:  

The tertiary structure of the wsp was annotated using Swiss Modell server. The predicted complex structure was observed in Swiss 

Model which shows steriochemical rotation of torsion angles. The identification of active site amino acids present in WSP complex 

structure was predicted using Swiss Model. A greater number of variable active sites are present in these organisms and these protein 

structures can be used for drug binding sites. 

 

SWISS MODELL RESULTS: The 3D structure analysis of wsp were done by using SWISS-MODEL automated modeling server, 

the three models are shown (Fig 4 & 5). Template selection, alignment and model building are done completely automated by the 

server of the ID number. Predicting the protein 3D structures by this method are used which implements the four steps of the 

homology modeling approach.  

A. Template searching to identify the structure homology: Template search with Blast and HHBlits has been performed against the 

SWISS-MODEL template library (SMTL, last update: 2015-09-23, last included PDB release: 2015-09-18). 

The target sequence was searched with BLAST [1] against the primary amino acid sequence contained in the SMTL. A total of 10 

templates were found. 

An initial HHblits profile has been built using the procedure outlined in [27], followed by 1 iteration of HHblits against NR20. The 

obtained profile has then been searched against all profiles of the SMTL. A total of 126 templates were found. 

B. Template selection: For each identified template, the template's quality has been predicted from features of the target-template 

alignment. The templates with the highest quality have then been selected for model building. 

C. Model building: Models are built based on the target-template alignment using Promod-II. Coordinates which are conserved 

between the target and the template are copied from the template to the model. Insertions and deletions are remodeled using a 

fragment library. Side chains are then rebuilt. Finally, the geometry of the resulting model is regularized by using a force field. In case 

loop modeling with ProMod-II [9] does not give satisfactory results, an alternative model is built with MODELLER [28]. 

D. Model quality estimation: The global and per-residue model quality has been assessed using the QMEAN scoring function [4]. 

For improved performance, weights of the individual QMEAN terms have been trained specifically for SWISS-MODEL. 

E. Ligand Modeling  

Ligands present in the template structure are transferred by homology to the model when the following criteria are met (Gallo -

Casserino, to be published):  

(a) The ligands are annotated as biologically relevant in the template library. 

(b) The ligand is in contact with the model. 

(c) The ligand is not clashing with the protein. 

(d) The residues in contact with the ligand are conserved between the target and the template.  

If any of these four criteria is not satisfied, a certain ligand will not be included in the model. The model summary includes 

information on why and which ligand has not been included. 
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It provides the details of ligand binding sites of wsp in drosophila. The results which were annotated by Swiss model server make the 

protein modeling accessible to all biochemists and molecular biologists worldwide. A greater number of variable active sites are 

present in these organisms and these protein structures can be used for drug binding sites.  

Conclusion: Wolbachia are a diverse group of intracellular bacteria, that show impressive adaptations within invertebrate cells and in 

manipulating the biology of drosophila. The mechanisms of Wolbachia-host interaction are important in understanding of the bacterial 

life and their pathogenicity as well as generation of new drug targets. In the vinegar fly, genus drosophila, Wolbachia causes an egg 

mortality phenotype known as cytoplasmic incompatibility (CI). CI  has  been  studied  in several  taxa  including  D. simulans [13, 

14, & 12]  and  D. melanogaster  [11 & 31]. CI is manifest as severe egg mortality (up to 95%) when an infected male mates with an 

uninfected female [35]. This property of the drosophila and Wolbachia relationship attributes for the researchers to study the parasitic 

and mutualistic interactions. 

Using the Drosophila model system, it should be possible to examine the cues affecting male killing. Annotation of the wsp in 

drosophila allows the comparative studies into the mechanism of male killing. Beyond this, comparison of the mechanism of 

Wolbachia male killing to that cytoplasmic incompatibility and parthenogenesis induction can be undertaken. 

Present interpretation of the sequence and structural analysis of Wolbachia surface protein explored the physicochemical nature, three 

dimensional structure and detail of interactions with wsp and drosophila. Insilico analysis of the wsp in drosophila species provides 

the information of the mutualistic behavior which allows for further studies and in management of pests. Based on the findings, it 

could be concluded that further characterization of wolbachia in drosophila is novel and will be important for evaluating the 

functionality of the wsp protein which paves the path in strain typing. 

 

The Biophysical characterization of the protein would provide the clues to its biological functions and physiological role. The 

conformation of these requires crystal structure and complete functional description to elucidate the effects of non-synonymous 

substitutions on protein structure and functionality. The comparative analysis will highlight the multiple roles of Wolbachia proteins 

which extend to cytoplasmic incompatibility, feminization of genetic males, parthenogenesis induction and male killing. Further, 

Structural characterization of WSP will be a break through towards gaining information on Wolbachia  induced different phenotypes 

and further this would be used for applied research such as i) Management of (Arthropod) pest that cause major damage in agriculture 

industry. ii) Control of important vectors that cause the major diseases. iii) Enhancing the fitness and efficacy of Bio control agents. 

IV) Development of new drug targets [33].  

 

Insilico analysis of wsp in various drosophila species provides the details of the protein‘s functionality and structural elucidation 

details which help in the structural based studies. Further, the Insilco predictions of wolbachia surface protein complexes will help in 

revealing the interactions with the host which greatly enhances the hypothesis and experimental investigations. 
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