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Abstract
In the present in silico study, based on the structure, function and sub-cellular localization of hypothetical proteins in Candidatus 

Riesia pediculicola plasmid were explained. For the determination of functional annotations or functionality the CDD-BLAST, IN-
TERPROSCAN and PFAM were used. The PS2 Server-Protein Structure Prediction server and Cello were used for understanding and 
identified the presence of templates for conserved domains and sub- cellular localizations within the cell. Also, for the determination 
of 3-D structures, E-value and aligned percentage of the predicted hypothetical proteins PS2 Server was used. There are total 8 genes 
were screened for understanding the structures, functions and sub-cellular localization of proteins in Candidatus Riesia pediculicola 
plasmid out of these 4 genes were unknown for their structures, functions and sub-cellular localization which was predicted for 
hypothetical proteins. This study may be useful for understanding the role of bacterium life cycle by characterizing structure and 
functionality as well as genetics and metabolic pathways at the molecular level.
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Introduction

Over 500 species of Sucking lice were described well in the world. The Sucking lice are ectoparasites of mammals and they take mam-
malian blood as a nutrient diet [1]. There are two closely related species of human lice viz. body louse (Pediculus humanus) and the head 
louse (Pediculus capitis). These are morphologically and genetically similar. The P. humanus lives in clothes and feeds from the body and  
P. capitis lives in the hair and feeds the scalp [2].

A small number of primary endosymbionts (P-endosymbionts) of about 14,000 predictable species of hematophagous insects have 
been described. It is observed that nutrient-poor diet of P-endosymbionts is blood in which all sucking lice to be expected that have obli-
gated primary endosymbionts [3].

The primary endosymbionts (P-endosymbionts) were first seen microscopically in the human head and body louse over 340 years ago 
[4]. Most of the primary endosymbionts drift to the ovaries after leaving their mycetomes so that they could be united into developing 
eggs (transovarial transmission). Due to this, they can be inherent in the host generation [5,6], for long-term. During transovarial trans-
mission, the coevolutionary history between the insects and their symbionts may be pooled [3].

The Candidatus Riesia pediculicola is an endosymbiont of requisite louse having short, linear chromosome and a circular plasmid en-
codes less than 600 genes. The plasmid harbors is an essential and a sole of genes for the synthesis of pantothenate, an essential vitamin in 
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the louse diet deficient [7]. Candidatus Riesia pediculicola is the P-endosymbiont present in the mycetomes of P. humanus [2,6]. As per the 
coevolutionary history, it is divided into three parts. The P-endosymbionts are parasitic lice found in primates like humans, chimpanzees 
and gorillas having genus Candidatus Riesia [2,3,7]. In recent literature, the P-endosymbionts of chimpanzee lice (P. schaeffi) and human 
pubic lice (Pthirus pubis) were characterized at the molecular level [2,3].

Methodology

Sequence Retrieval

The KEGG database was used for retrieval of Candidatus Riesia pediculicola plasmid whole genome sequences (http://www.genome.
jp/kegg/).

Functional Annotation and Categorization

The bioinformatics web tools were used to screened and analyzed the presence of functional domains and 3-D structures of the hy-
pothetical proteins in Candidatus Riesia pediculicola plasmid. The CDD-BLAST (http://www.ncbi.nlm.nih.gov/BLAST/; [8-11]), INTER-
PROSCAN (http://www.abi.ac.uk/interpro; [12]), Pfam  (http://www.pfam.sanger.ac.uk/; [13]) and Cello (http://cello.life.nctu.edu.tw/) 
were used as online bioinformatics web servers. For the presence of conserved domains and functionality in the genome sequences were 
identified as per the information existing in CDD-Blast, Interproscan, and Pfam databases. Determination of the sub-cellular localization 
of proteins or enzymes present in the cell was identified by using the Cello server v.2.5.

Protein Structure Prediction

The 3-D structure of unknown proteins predicted by using PS2: Protein Structure Prediction Server (http://www.ps2.life.nctu.edu.
tw/; [11,14,15]). The prediction of protein 3D structures was created by running the FASTA format of protein sequence via online web 
server also the detection of templates having the structural model of the protein is based on the functional annotations.

Results and Discussion
For characterization of 8 hypothetical proteins from the complete genome sequences of Candidatus Riesia pediculicola plasmid, the 

computational studies were carried out. The predictions of structure and function characteristics of total 4 hypothetical proteins were 
carried out by using CDD- Blast, Interproscan, Pfam, Cello, and PS2server. Also, the Sub-cellular localization of all the hypothetical pro-
teins in Candidatus Riesia pediculicola plasmid was characterized successfully. The PS2 structure template for 3-D structures is depicted 
in the order as Template ID, E-value and aligned percentage in the following table.

We have successfully characterized probable functions of gene products by using CDD-Blast, Interproscan, and Pfam which was found 
to be 1, 2 and 1 respectively. Out of 4 screened hypothetical proteins, only single 3D structure prediction template was successfully char-
acterized using PS2 online bioinformatics web server.

After the screening of the NCBI gene ID 502799949, it was found that transmembrane protein phobius with a membrane-bound 
protein predicted to be embedded in the membrane but there is no template formation. Another NCBI gene ID 908689879 explains the 
predicted 3D structure (Figure 1) and the presence of Replication initiator protein A; Members of this family of bacterial proteins are 
single-stranded DNA binding proteins that are involved in DNA replication, repair, and recombination (Table 1). The predicted 3D struc-
ture is asymmetric and stoichiometrically monomeric. It has one and two unique protein and nucleic acid chains respectively (http//
www.rcsb.org/pdb/explore/). 

The remaining two NCBI genes IDs 502799947 and 502799952 have the sub-cellular localization within the cell but it does not explain 
any structural and functional characterization (Table 1).
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Figure 1: 3D structure of NCBI gene ID No. 908689879.

NCBI Gene ID CDD BLAST Interproscan Pfam Cello PS2: Structure Prediction Server
Template E-Value Aligned  

Percentage
502799947 NA NA NA Cytoplasmic 

2.307
NA NA NA

502799949 NA Phobius  
Transmembrane 

Region of a  
membrane-bound 
protein predicted 
to be embedded 

in the membrane. 
Region of a 

membrane-bound 
protein predicted 
to be outside the 

membrane, in 
the extracellular 

region.

NA Cytoplasmic 
2.457

NA NA NA

502799952 NA NA NA Cytoplasmic 
2.241

NA NA NA

908689879 Replication initiator 
protein A; Members of 

this family of  
bacterial proteins are 
single-stranded DNA 
binding proteins that 
are involved in DNA 

replication, repair and 
recombination.

Replication initia-
tor protein A

Replication 
initiator 

protein A

Cytoplasmic 
3.608

2nraC 0.16 72.79

Table 1: Structural, functional and sub-cellular localizations of hypothetical proteins in Candidatus Riesia Pediculicola plasmid

NA: Not Available
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Conclusion
The present study revealed that total 4 functionally and structurally significant hypothetical proteins from Candidatus Riesia pedicu-

licola plasmid has been sorted successfully. It is observed that Candidatus Riesia pediculicola plasmid has very few possible functional 
proteins. Out of 8 NCBI genes, a total of 4 hypothetical proteins are successfully characterized for understanding the structure as well as 
functions using CDD- Blast, Interproscan, Pfam, Cello and PS2 server. The life cycle of the bacterium can be supporting in establish their 
role by characterized predicted functions and three-dimensional structures. This study may be useful for understanding the metabolic 
pathways and genetics at the molecular level. 
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