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ABSTRACT 

Tuberculosis (TB) is a contagious disease of lungs caused by Mycobacterium tuberculosis or Tubercule bacillus and H37Rv is the 

most studied clinical strain and it is evolving antibiotic resistance for existing drugs, which is a vital global healthcare challenge. 

To address this crisis, there is an critical need to discover new drug targets in Mtb.We have been used comparative genome 

analysis of Mycobacterium tuberculosis H37Rv and subjected to human (BLASTp) for the identification of potential targets 

dataset. Indispensable genes are to be recognized by DEG (Database of Essential Genes). The investigation shows that 628 of the 

3989 genes in Mycobacterium tuberculosis H37Rv were established to be indispensable of which 324 genes lack resemblance to 

the human genome. Subsequently hypothetical proteins were removed through manually. This further resulted in a dataset of 135 

proteins with indispensable utility and no homology to human. The obtained targets genes were further analyzed by UNIPROT 

(www.uniprot.org) database to classify their functions. Potential drug targets were related to Cell wall biosynthesis, Intermediate 

metabolism and respiration, Cell cycle, Folate Biosynthesis etc.  

As a case study, we have selected those drug targets which are related to Cell cycle. ProtParam tool is used to analysis of cell 

cycle genes or drug targets to predict the physiochemical properties. ProtPram analysis of all cell cycle genes, only FtsZ sequence 

instability index indicates that the protein would be stable in the wet lab. SMART tool predicted the presence of a domain in FtsZ 

protein. STRING database is queried to get the possible interacting proteins for FtsZ protein and Phylogenetic analysis identified 

the different orthologous genes for FtsZ protein as defined by eggNOG database. So this approach could be helpful for future drug 

targets identification as well as protein-protein interaction. FtsZ may be very promising target for new anti-microbial drug 

development.  

 

 Keywords: Mycobacterium Tuberculosis H37Rv; DEG; Blastp; UNIPROT; Protpram; Smarttool; STRING And Eggnog 

Database. 

 

1. INTRODUCTION 

Tuberculosis is a general known fatal infectious disease 

caused by Mycobacterium tuberculosis. It could be eradicated, 

but the disease has re-emerged [1] and today is the leading 

cause of death in the world from a single infectious disease. 

[2] Although TB can be cured with chemotherapy presently, 

over 20 drugs are available for TB, of which, four of them, 

viz. isoniazid, rifampin, pyrazinamide and ethambutol are 

used as front-line drugs  also well-known as Directly 

Observed Treatment Short-course (DOTS) consists of an 

preliminary phase of handling with 4 first line drugs i.e. 

isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), 

ethambutol (EMB) for 2 months each day, followed by 

treatment with INH and RIF for another 4 months.[3] 
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Isoniazid is known to inhibit mycolic acid synthesis[4]; 

whereas ethambutol inhibits the polymerization step of 

arabinan biosynthesis of arabinogalactan[5]; the treatment is 

exceedingly lengthy and Chief drawbacks of recent TB 

therapy are lengthy drug administration (at least 6–8 months) 

and very expensive drug combination has to be administered 

with significant side effects.[6] The increase in number of 

patients has caused global alarm and rigorous need to review 

various therapeutics aspects of tuberculosis. If the treatment 

fails as a result of bacterial drug resistance, or intolerance to 

one or more drugs, second-line drugs are used, such as para-

aminosalicylate (PAS), kanamycin, fluoroquinolones, 

capreomycin, ethionamide and cycloserine, that are usually 

either not as much of efficient or more deadly with severe side 

effects.[7] 

 

Apart from significant toxicity, lengthy therapy also creates 

poor patient compliance, which is also a frequent cause for 

selection of drug resistant and often deadly multidrug resistant 

TB (MDR-TB) and extensive drug resistant (XDR) strains 

have caused serious threat for treatment and prevention of 

bacteria.[8] TB and human immunodeficiency virus 

(HIV/AIDS) form a deadly arrangement, both speeding the 

other's development. This confection has become increasingly 

common. We can't efficiently fight HIV/AIDS without also 

fighting TB. Recent information from WHO estimate that 

there are about 8.4 million new cases every year  with a global 

mortality rate of 23 %.[9] In addition to these problems, the 

vicious interactions between the HIV and TB have led to 

further challenges for anti-tubercular drug discovery. Treating 

drug-resistant TB is much more difficult, which takes 18 to 24 

months if the patient responds to the second line treatment 

regimen and is around 20 times more expensive than treating 

fully drug sensitive TB. [10] The currently available second-

line drugs are less effective, and have more side-effects thus, 

warranting the identification of novel drug targets and 

development of new chemotherapeutics. [11] 

 

Establishing bioinformatics, Rational drug design (RDD) and 

systems biology concepts understanding the microbe as a 

whole opens up new opportunities for computational target 

identification. Here, we have adopted a strategy of 

comparative analysis to identification of drug targets of Mtb, 

which can also be used as a general framework for in silico 

target identification. We also focus our analysis at the protein-

protein level, based on interaction analyses. The target FtsZ 

from this process was also subjected to a cluster of 

orthologous groups search to identify orthologous genes in 

other pathogens. The bacterial cell division mechanism has 

remained largely unexploited for remedial purposes. FtsZ, a 

tubulin homologue involved in bacterial cell division, [12] has 

received considerable attention and an eye-catching target to 

develop novel anti- TB drugs, as well as new broad- range 

antibacterial agents. 

2 MATERIAL AND METHODS 
 

2.1 Identification of Potential Drug Targets 

DEG (http://tubic.tju.edu.cn/deg) database was used as a 

source of essential genes information. The complete genome 

sequence of   M. tuberculosis H37Rv was retrieved from   

NCBI (National Center for Biotechnology Information) 

through FTP server (www.ncbi.nlm.nih.gov/FTP), and 

subjected to BLAST against DEG to obtain the essential genes 

that are indispensible for bacterial cellular life. The essential 

genes obtained after DEG, BLASTp search done against 

Human genes. Genes which not have the homology with 

human were considered as possible drug target candidates for 

further drug development process.    

 

2.2  Functional Analysis 

 UNIPROT (www.uniprot.org) database was used to find out 

the function of obtained targets genes. Potential drug targets or 

genes were related to Cell wall biosynthesis, Intermediate 

metabolism and respiration, Cell cycle, Folate Biosynthesis 

etc. 

 

2.3  ProtPram 

The parameters computed by ProtParam include the molecular 

weight, theoretical pI, amino acid composition, atomic 

composition, extinction coefficient, estimated half-life, 

instability index, aliphatic index and grand average of 

hydropathicity (GRAVY) [13]. We were selected those drug 

targets that related to Cell cycle. ProtParam tool was used to 

analysis of cell cycle genes to predict the physiochemical 

properties. ProtPram analysis of all cell cycle genes, only FtsZ 

gene sequence instability index indicates that the protein will 

be stable. 
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2.4 Domain Analysis 

SMART (a Simple Modular Architecture Research Tool) 

allows the detection and annotation of genetically mobile 

domains and the analysis of domain architectures. FtsZ 

sequence was submitted to this tool for domain analysis.Smart 

tool analysis shows the presence of Tublin and Tublin_C 

domains. 

 

2.5 To Predict Interacting Proteins 

We have constructed a protein-protein interaction network, 

based on the STRING database  version 10,which includes 

protein linkages between proteins sequences, Thus, the 

network captures different types of interactions such as (a) 

physical complex formation between two proteins required to 

form a functional unit, (b) genes belonging to a single operon 

or to a common neighbourhood, (c) proteins in a specified 

metabolic pathway and hence influenced by each other,(d) 

proteins whose associations are suggested based on 

predominant co-existence, co-expression, or domain fusion. 

 

2.6 Phylogenetic Analysis 

Phylogenetic analysis was carried out against FtsZ protein 

sequence to find out the orthology genes in other pathogens at 

different e-value by using eggNOG database. 

 

3. RESULTS 

For our analysis, the genome of Mycobacterium tuberculosis 

H37Rv contains 3989 protein coding genes (MTB-

genes).These genes were subjected to BLAST against DEG to 

obtain the essential genes that are indispensible for bacterial 

cellular life. We retrieved 628 genes from DEG as essential 

targets. BLASTp search done against Human genes, Out of 

628 essentials genes, 324 genes lack similarity to the human 

genome in BLASTp homology search and were identified as 

potential candidates for further target based drug development, 

removed hypothetical and uncharacterized genes to refine the 

results.135 of them were found to potential drug targets. These 

were further analyzed by UNIPROT based on functions. The 

analyzed data shows that of the 135 targets genes, 25 were 

involved in amino-acid biosynthesis, 10 in cell cycle, 8 in cell 

wall biosynthesis, 7 in intermediate metabolism and 

respiration etc. (Table-1 and Table-2) 

FtsZ sequence is submitted to ProtParam tool for 

characterization. Some important parameters known from the 

ProtParam tool are, the molecular weight is 38755.8 Dalton 

and Theoretical pI is 4.55.The Protein was found to contain 

more of alanine,glycine and leucine residues. The absorbance 

of this protein at 280 nm, with the concentration of 0.1% in 

water was calculated to be 0.038. The half-life is a prediction 

of the time it takes for half of the amount of protein in a cell to 

disappear after its synthesis in the cell, for this protein it is 

found to be less than 10 hours in Bacterial organism. The 

instability index of the protein was calculated to be 29.27, 

which indicates that the protein will be stable in the test tube. 

The average hydropathy value of the amino acids in the 

protein was found to be 0.199 indicating that the protein is 

hydrophilic in nature. These parameters will be applicable in 

wet lab experiments. 

Smart tool analysis shows the presence of FtsZ domains from 

10-202 residues on the Tublin protein with e-value 1.5e-105 

and 204-321 residurs on the Tublin_C protein with e-value 

3.3e-52.Tublin protein are involved in polymer 

formation.Tubulin is the major component of microtubules, 

while FtsZ is the polymer-forming protein of bacterial cell 

division, it is part of a ring in the middle of the dividing cell 

that is necessary for constriction of cell membrane and cell 

envelope to yield two offspring cells. FtsZ and tubulin are 

GTPases; this entry is the GTPase domain. While, Tublin_C-

terminal domain is found in the tubulin alpha, beta and gamma 

chains, as well as the bacterial FtsZ family of proteins. These 

proteins are GTPases and are implicated in polymer 

development. FtsZ can polymerise into sheets, tubes, and rings 

in vitro and is ever-present in bacteria and archaea. FtsZ 

protein indicates the multiple functions carried out by the 

protein and notifies its role in cell division. 

Proteins predicted to have interaction with FtsZ is known from 

STRING database, which predicts physically and functionally 

associated proteins of a query protein, based on genomic 

context association, expression and protein interaction. 

Analysis of the results show that FtsW-like protein FtsW, cell 

division protein FtsQ and hypothetical protein SepF which are 

involved in cell division are found to be associated with FtsZ 

based on gene position neighborhood in mycobacterial 

genomes. This suggests that this functional relationship 

between them makes FtsZ an essential protein (Figure-1). 
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Orthologous group predicted by sequence similarity, to submit 

the FtsZ sequence in eggNOG database v4.1 which predicts 

the orthologous genes in different organisms at e-value 6.55e-

155. These genes are involved in biological process, molecular 

function, cellular components etc. (Figure-2). 

 

4. DISCUSSION 

TB was nearly eradicated from industrialized nations in the 

20th century through a combination of public health measures 

and the introduction of antibiotics. [14] Present efforts to bring 

TB under manage are focused on development of new 

antibiotics, improved diagnostics, and vaccines. [15] 

However, the emergence of HIV that sensitizes latently TB-

infected individuals and the inevitable development of drug-

resistant strains through use of the same antibiotics for more 

than 50 years have led to a dramatic worldwide rise in TB 

mortality, which prompted the WHO to declare TB a global 

public health emergency.  

The complete genome sequencing of the virulent strain of Mtb 

H37Rv by Cole and co-workers,[16] a landmark in TB 

research, provided the first glimpse of the approximately 4000 

genes that make up the genome. Therefore, we reported a 

computational analysis for potential drug targets identification, 

specifically for M. tuberculosis H37Rv genome. These 

methods have no similarity or negligible similarity to the host 

proteins, considered as potential targets. We have identified 

135 out of 3989 genes as potential drug targets. We analyzed 

only those targets which are related to cell cycle because cell 

division has been a dynamic area for finding drugs that fight 

infection or uninhibited cell propagation and considered FtsZ 

as a target protein. The FtsZ protein is the bacterial tubulin 

homologue and thus crucial for cell division. [17-18]  From 

this, tubulin polymerisation inhibitors were tested on 

mycobacterial growth[19-20], For instance, the antihelmintic 

tubulin polymerisation inhibitors albendazole or thiabendazole 

are weakly effective on mycobacterial FtsZ 

polymerization.[21] M. tuberculosis functions of this protein 

are still unidentified and thus the subject of recent 

investigations.[22-23] A more extended version of the protein-

protein interaction network of proteins in M. tuberculosis 

H37Rv was derived from the STRING database.[24] So this 

protein has protein-protein interaction with FtsW, FtsQ and 

SepF so that this functional relationship between them makes 

FtsZ an essential protein. 

 

5. CONCLUSION 

In this study, we have performed a comparative genome 

analysis of the host H. sapiens and the pathogen M. 

tuberculosis. Though sequence similarity greater than 25% 

implies homology, we have adopted a measure of listing out 

only those proteins, which have no similarity or negligible 

similarity to the host proteins as potential targets. The 

approach was successful in listing out many targets from the 

M. tuberculosis genome, which are involved in vital aspects of 

the pathogen’s Cell wall biosynthesis, Intermediate 

metabolism and respiration, Cell cycle, Folate Biosynthesis 

etc. we identified One-thirty five of our targets and analyzed 

only those targets which are related to cell cycle and ProtPram 

analysis indicates that FtsZ protein will be stable in the wet lab 

experiment and SMARTtool domains of FtsZ shows that, FtsZ 

is a tubulin-like GTPase, plays an essential role in bacterial 

cell division, and is present in almost all eubacteria and 

archaea. STRING database analysis shows that FtsW-like 

protein FtsW, cell division protein FtsQ and hypothetical 

protein SepF which are involved in cell division are found to 

be associated with FtsZ based on gene position neighborhood 

in mycobacterial genomes. This suggests that this functional 

relationship between them makes FtsZ an essential target 

protein for drug discovery. Orthologous group predicted by 

sequence similarity is an important aspect to understand the 

other organism’s genome. Finally, FtsZ needs to be screened 

and has to be tested with wet lab experiments

. 

Table-1: Distribution of the functional classes of the 135 targets identified in the Mycobacterium tuberculosis H37Rv. 

 

No. of 

Targets 

 

Function obtained using UNIPROT 

 

No. of 

Targets 

 

Function obtained using UNIPROT 

10 Cell cycle 25 Amino-acid biosynthesis 

05 Cell wall biogenesis/degradation 04 Transporter activity 
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07 Intermediate metabolism and 

respiration 

08 RNA binding 

09 DNA replication 04 Translation 

08 Transcription 03 Electron transport chain 

05 Protein transport 03 Oxido-reductase activity 

04 ATP binding  03 Riboflavin biosynthesis 

04 Nucleotide Biosynthesis  02 Acyl transferase 

03 Thiamine biosynthesis  03 Antibiotic resistance, Cell wall 

biogenesis/degradation 

03 Transferase activity  02 DNA binding 

02 Menaquinone biosynthesis 02  Folate biosynthesis 

02 Pantothenate biosynthesis  01 Cytochrome complex assembly 

02 Terpenoid biosynthesis  01 Defense response 

03 Fatty acid Biosynthesis, Oxidation 

reduction  

01 DNA replication, transcription 

01 Iron ion transport, Oxidation reduction  01 Lipoprotein biosynthetic process 

01 Lipopolysaccharide biosynthetic 

process  

01 Metal Binding, urease activity 

01 Immune response 01 Porphyrin biosynthesis  

 

Table-2: List of Identified Targets- The number of targets presents in some of the functional classes is also indicated. 

Gene name  Locus Function obtained from 

UNIPROT  

REMARKS 

EmbC (Rv3793)  

 

Antibiotic Resistance, Cell Wall 

Biogenesis/degradation 

 

EmbB (Rv3795)           

AftA (Rv3792)  Suggested as an attractive 

target.[25] 

EmbA (Rv3794) Cell Wall Biogenesis/degradation Known target for ethambutol.[26] 

DdlA  (Rv2981c)  Known target of cycloserine[27] 

AftB (Rv3805c) 

 

 Suggested as a potential target.[28] 

Alr (Rv3423c)    

PbpB (Rv2163c)    

FtsQ (Rv2151c)  

 

Cell Cycle  

FtsZ (Rv2150c)  

 

  

FtsX (Rv3101c)  

 

  

FtsK (Rv2748c)    
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MurG (Rv2153c)  Suggested as a potential target.[29] 

MurD (Rv2155c )   

MurE (Rv2158c)  

 

  

MurF (Rv2157c)  

 

  

XerD (Rv1701)  

 

  

MraY (Rv2156c)    

QcrC  

 

(Rv2194 ) 

 

Intermediate Metabolism and 

Respiration 

 

QcrA (Rv2195)   

QcrB (Rv2196)   

LeuA (Rv3710)   

PanC (Rv3602c)  Suggested as potential target.[30] 

PanD (Rv3601c)  Suggested as potential target.[31] 

IspF (Rv3581c)  Potential drug target , Attractive 

target in many pathogens.[32]  

DnaA (Rv0001)  

 

DNA Replication  

DnaB (Rv0058)   

DnaG    
 

(Rv2343c)   

GyrA (Rv0006)   

GyrB (Rv0005)   

RpoB (Rv0667)  Known target of Rifampicin. [33] 

RpsL (Rv0682)  Known target of Streptomycin.[34]  

DnaE1 (Rv1547)    

NusB (Rv2533c)    

Cmk (Rv1712 ) 

 

Nucleotide Biosynthesis  

PyrH (Rv2883c)   

ThyX (Rv2754c)   

NadA  (Rv1594)    

FolP1 (Rv3608c)  Folate Biosynthesis   

FolB (Rv3607c)   
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Fig-1: STRING –predicted proteins interacting with FtsZ.  FtsW, FtsQ and hypothetical protein SepF are involved in cell division 

are found to be associated with FtsZ. 

 

 

Fig-2: eggNOG database- Phylogemetic tree analysis of FtsZ sequence, to be predicted the orthologues genes in different 

organism. 
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