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ABSTRACT 

The prediction for the unknown proteins from Mycobacterium 

tuberculosis KZN 1435 were carried out for characterization 

of the proteins in their respective families. In Mycobacterium 

tuberculosis KZN 1435 out of 1560 genes for hypothetical 

proteins, functions were predicted for 1221 hypothetical 

protein whereas, structures for 803 unknown proteins were 

revealed. The Bioinformatics web tools like CDD-BLAST, 

INTERPROSCAN, PFAM and COGs were used for the 

prediction of functions in the proteins by searching protein 

databases for the presence of conserved domains; whereas, 

tertiary structures were constructed using PS2 Server-Protein 

Structure Prediction server. This study was helpful in 

understanding functional characteristics of hypothetical 

proteins in Mycobacterium tuberculosis KZN 1435 as well as 

their role in the life cycle of the bacterium. 
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1. INTRODUCTION 
 

Mycobacterium tuberculosis (MTB) is one of the most 

pathogenic bacterial species in the genus Mycobacterium and 

the causative agent of most cases of tuberculosis (TB). The 

resent studies carried out for three strains of M. tuberculosis 

isolated from patients in KwaZulu-Natal, South Africa have 

been sequenced [9]. These three strains are reported to have a 

range of important drug resistance phenotypes spanning fully 

drug-sensitive (DS) to multiple drug resistant (MDR), to 

extensively drug resistant (XDR). XDR TB is extremely 

difficult to treat. Recently, a high mortality rate for patients 

infected with XDR TB was reported in the KwaZulu-Natal 

region [10]. We carried out bioinformatics studies for multiple 

drug resistant (MDR) M. tuberculosis (KZN 1435) out of 

three sequenced strains of M. tuberculosis XDRi (KZN 605), 

MDR (KZN 1435), and DS (KZN 4207) strains from the KZN 

region of South Africa by Murray et al.[ 9].  

The Computational biology (in-silico studies) is one of the 

newly emerging technologies which assist us to carry out 

comparative genomic studies to predict the functionality 

within the uncharacterized sequences using the different 

strategies of comparative genomics. The online bioinformatics 

tools and servers have ability for searching databases by 

choosing standard parameters for revealing the function of a 

particular gene (protein). Bioinformatics can help us to 

determine the presence of the enzymatic conserved domain/s 

in the sequences and may assist in the categorizing protein 

into specific family. The online automated servers are also 

available which can predict the three dimensional structures 

for protein sequences by using the strategy of aligning target 

sequences with orthologous sequences by virtue of sequence 

homology using best scored template of orthologous family 

member. 

Bioinformatics web tools like CDD-

BLAST,INTERPROSCAN, PFAM and COGs can search the 

orthologous sequence in biological sequence databases for the 

target sequence, while assist in classification of target 

sequence in particular family [8, 13-20]. We can predict 3-D 

structure of such proteins by using Protein Structure 

Prediction Server (PS2 server) [7, 21]. 

The present paper reports the comparative genomic studies for 

understanding the structural and functional properties of 

hypothetical proteins present in Mycobacterium tuberculosis 

KZN 1435 which will prove to be helpful for identifying 

novel enzymes and protein candidates with possible 

applications in the near future. Moreover, they will be helpful 

in developing drug against Mycobacterium tuberculosis and 

for understanding the evolutionary relationship with other 

Mycobacterium species.  

2. METHODOLOGY 

2.1  Sequence Retrieval 

The whole genome sequences for Mycobacterium tuberculosis 

KZN 1435 was retrieved from the KEGG database 

(http://www.genome.jp/kegg/). [9]   

2.2  Functional Annotation and Categorization 

The hypothetical proteins from all Mycobacterium 

tuberculosis KZN 1435 were screened for the presence of 

http://www.genome.jp/kegg/
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conserved domains using the web-tools. The four 

bioinformatics web tools CDD-BLAST 

(http://www.ncbi.nlm.nih.gov/BLAST/) [2, 3, 12] 

INTERPROSCAN (http://www.abi.ac.uk/interpro) [22] Pfam 

(http://www.pfam.sanger.ac.uk/) [1] and COGs 

(http://www.ncbi.nih, gov/cog)[11] were used, which shows the 

ability to search the defined conserved domains in the 

sequences and assist in the classification of proteins in 

appropriate family. The function prediction web tools have 

shown variable results depending upon the information 

available in databases, when searched for the conserved 

domains in the submitted protein sequences under study.  

Hypothetical proteins analyzed by the function prediction web 

tools have shown variable results depending upon the 

information available in databases, when searched for the 

conserved domains in hypothetical sequences. The results 

proved to be helpful in further categorizing the proteins into 

their respective family. 

2.3 Protein Structure Prediction 

Online PS2 Protein Structure Prediction Server was used to 

generate 3D-structures of hypothetical proteins 

(http://www.ps2.life.nctu.edu.tw/) [2, 6, 7, 12]. The server accepts 

the protein (query) sequences in FASTA format and uses the 

strategies of Pair-wise and multiple alignments to generate 

resultant proteins 3D structures, which are constructed using 

structural positioning information of atomic coordinates for 

known template in PDB format using best scored alignment 

data. Where the selection of template was based on the same 

conserved domain detected in the functional annotations and 

which must be available in the structure alignment for 

modeling purpose. 

3. RESULTS AND DISCUSSION 
The comparative genomic studies for characterizing 1560 

genes of Mycobacterium tuberculosis KZN 1435 by using 

sequence similarity search with close orthologous family 

members available in various protein databases using the web 

tools were carried out. The online-automated PS2server was 

used for the prediction of 3-D structure of screened 

hypothetical proteins. The results obtained after analysis of 

proteins by using web tools for classification of 1221 

hypothetical proteins into particular protein family based on 

conserved domain available in the sequence and the predicted 

three dimensional structures for 803 proteins using best scored 

orthologous template are represented in Table 1. The 3-D 

structures built by using best scoring templates are 

represented in the order as Template ID, Identity, Score and 

E-value in structure column of respective Mycobacterium 

tuberculosis KZN 1435 specific gene in Table 1. 

(http://research.ijcaonline.org/volume60/number1/table.pdf)  
 

4. CONCLUSION 
These in-silico studies have sorted many functionally 

important hypothetical proteins of Mycobacterium 

tuberculosis KZN 1435 applying the parameters of pair-wise 

and multiple sequence alignment tools along with structure 

prediction tools, which suggest that many probable functional 

uncharacterized proteins are available in the Mycobacterium 

tuberculosis KZN 1435. These studies for characterization of 

unknown proteins of Mycobacterium tuberculosis KZN 1435 

were carried out for verifying the structure and functions of 

the gene products. We were able to predict and categorized 

1221 proteins functionally and 803 proteins structurally from 

1560 hypothetical protein sequences screened from the 

Mycobacterium tuberculosis KZN 1435. This predicted 

functions and three dimensional structures may assist in 

establishing their role in life cycle of Mycobacterium 

tuberculosis KZN 1435 which are still unclear and can be 

used in future for the further understanding of pathogenicity 

and evolutionary development of Mycobacterium species and 

its life cycle [4,5 ]. This computationally generated data can 

also be used for developing drugs through drug designing by 

computational docking studies. 
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