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ABSTRACT: In spite of the availability of effective chemotherapy, tuberculosis still a leading 

infectious killer worldwide. In general, gene products involved in mycobacterial metabolism, 

persistence, transcription, cell wall synthesis and virulence would be possible targets for the 

development of new drugs. The exploitation of host cell especially the outside components of the 

cell will lead to skip the permeability, the big problem obstacles the effective treatment. Among the 

strategic targets that can be used is the signaling pathways which could be knocked down and 

disturbed the cell life cycle. Reversible phosphorylation and dephosphorylation (TCSs) represent 

good targets due to its vitality and making a good interaction network. Understanding host-pathogen 

interactions would give an important clues for developing new drugs, vaccine and diagnostic tests. 

Recent advances in the knowledge of the biology of the Mycobacterium tuberculosis and the 

availability of the genome sequence give an opportunity to explore a wide range of novel targets for 

drug design. In this study different targets at the out borders were studied for their druggability. 
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1.INTRODUCTION 

Tuberculosis (TB) is the deadliest infectious disease, according to WHO recent reports, 10.4 million 

TB cases were reported in 2016 [1], this disease characterized by the lack of involvement of classical 

virulence factors such as toxins or flagella, but it is a dynamic balance between host and pathogen 

which defines the outcome of the infection [2]. The causative agent Mycobacterium tuberculosis 

(Mtb) strains such as H37Rv, able to modulate several host mechanisms and activities in the host to 

its favor [3]. Mtb H37Rv is the most studied strain and is the most successful pathogen estimated 

among Iraqi population [4], its genome has about 4000 genes, with high gene density (0.91gene/kb) 

as the coding genes are 91.2% [5]. Its success relies on the abilities to utilize macrophages for 

replication, which should remain viable to host the Mtb [6], these abilities were developed through 

the cross-talk between the bacterium and the host which create co-evolutionary balances over 

centuries [6,7]. The stages from the first contact (infection) to disease comprises many stages; 

adhesion, invasion, intracellular survival, replication and  dissemination to other body sites 

[2] .During the whole cycle the bacterium protects itself by different mechanisms such as formation 

of granulomas which can preserve the bacteria for decades [8] , this affect the eradication of TB and 

may causes recurrent infections [9,10]. Adhesion to host cells is a precursor to host colonization and 

evasion of the immune response, adhesins are microbial cell surface molecules or structures that 

mediate the attachment of pathogen to host cells, thus represents the first host-pathogen interactions, 

consequently could be consider as the key player [11] . The first type of host cells encounter in the 

lung are the epithelial cells, the Mtb-epithelial cell interaction may potentially precede invasion of 

macrophage and induce subsequent events [12]. The mycobacterial cells are armed against host 

defenses, first of all, the cell envelope which is unique and performs many processes for the 

bacterium. It represents a real barrier of any harmful agents or environmental factors. It 

compromised of 40% lipids of the dry weight, some researches divide it into outer layer (sometimes 

called capsule), cell wall, and plasma membrane, the two latter separated by periplasm space [13]. 

In addition, the bacterium is well equipped with secretory proteins (Secretome) which modulate the 

host responses, some of them confer drug resistance. This has led to appearance of resistant strains 

at different degree or levels. The resistance generally attributed to low permeability of the cell 

envelope [14,15,16], in addition to efflux pumps which are overexpressed upon treatment [17,18,19] 

and other mechanisms to disable the anti-mycobacterial agents. This means that the existing 

treatment regimen against TB is not adequate and novel therapeutic interventions are required to 

target the Mtb pathogenesis. In the last decades there have been numerous attempts toward the 

development of novel approaches to compact TB [20], among these targeting the oxidative 

phosphorylation as the Mtb an aerobic microorganism, and this can lead to a completely new 

regimen for drug susceptible and resistant mycobacteria , since the Mtb and related mycobacteria 
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strains apparently cannot gain enough energy by substrate-level phosphorylation and need oxidative 

phosphorylation for growth [21,22] , this happens a cross the cell membrane [23]. A major limitation 

of TB therapy is slow killing of the bacteria which increases the risk for the development of tolerant 

phenotypes and drug resistance. In general, gene products involved in mycobacterial metabolism, 

persistence, transcription, cell wall synthesis and virulence would be possible targets for the 

development of new drugs. Several studies revealed that there are many unexploited Mtb targets 

may be chemically druggable and could overcome the limitation of existing drugs [24]. There is a 

need to design new drugs that are more active against slowly growing or non-replicating persistent 

bacilli to treat the population at risk of developing active disease through reactivation [24]. The aim 

of this study emphasizes on the strategies to select the drug targets using Bioinformatics approach, 

since the complete genome sequence of Mtb H37Rv was annotated in 1998, bioinformatics can 

provide important start point for new targets discovery, and could be a powerful mean for obtaining 

lists of possible targets for further experimental validation. This study dealt only with genes/proteins 

at the outer borders of the cell. 

2. MATERIALS AND METHODS 

Proteins were collected from literatures and databases, using Rv ID for Mycobacterium tuberculosis 

H37Rv strain, the databases used: PATRIC database [25] was used for retrieving different categories 

of proteins. Uniprot database [26] was used to estimate the subcellular location of proteins and some 

more characters. TDR v.5 [27] used to find the druggability score of proteins. BLASTp used to find 

homology of chosen proteins with human proteins. 

Methods: The collected proteins from PATRIC database and literatures were checked for their 

subcellular location and functions using Uniprot database, only those found at the cell out borders 

such as cell wall, cell membrane, transmembrane proteins, secreted proteins were selected and 

subjected for further investigations. The selected proteins were checked for their druggability, 

human protein homology using BLASTp. The pdb structure found in PDB database of druggable 

proteins were rechecked using Uniprot database. 

3. RESULTS AND DISCUSSION 

Approximately one-third of global population harbor Mtb but remain asymptomatic as latent TB, 

and only 5-10% will develop into active TB disease[28].The results of better understanding of 

physiology of Mycobacterium is manifested by fact that the list of targets for TB curing is increasing, 

as there is about 37% of its proteins are annotated as hypothetical proteins (out of 3989 CDS) for 

Mtb H37Rv according to PATRIC database 2017 [25] , the utility of mycobacterial proteins/targets , 

however, cannot be predetermined [24], this means that functional annotation of Mtb genome 

remains a critical research priority [29] . On the other hand, evidences from bacterial systems 

indicated that metabolic networks are robust and tolerate to perturbations via compensatory and 
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regulatory mechanisms that often mediated at multiple levels through complex protein networks 

[29,30] , these do not need genetic manipulation but depend on metabolites. Cell envelope as a part 

of the cell has been implicated in the pathogenicity of Mtb, this part is notorious for being several-

fold and less permeable to chemotherapeutic agents when compared to similar structure of other 

bacteria [31] . Therefore, it has been a prime target for the identification and characterization of its 

attached surface proteins for drug targeting and vaccine development. Proteins used in this study 

mainly are out border proteins, represented by secreted proteins and those associated with outer cell 

envelope such as cell wall, cell membrane and cell surface, those were divided into different 

functional categories as shown in Fig 1  

  

Figure 1: Categorization of proteins used in this study  

However, this choice not represent essential criterion, since the latter is by itself insufficient to define 

a good drug target , as not all essential genes/proteins are equally vulnerable to drug action and 

essentiality can vary under different conditions , in addition the essential genes in relevant databases 

such as PATRIC and DEG databases recorded essentiality in cultural media  i.e., in vitro which 

cannot mimic the physiological in vivo conditions [25,32], so other criteria could be taken such as 

druggability or chemical tractability , and the targets should be with low mutability to reduce the 

chances for drug  resistance [33] . Virulence factors (about 800 found in PATRIC database from 

different resources) represent a novel strategy for therapeutic intervention [34], but this approach 

suffers from some serious drawbacks, for example, the virulence factor may be not necessarily 

survival gene or may not be lethal to the pathogen, and would be of little or no effect if the disease 

has been already on set [24]. Figure 2 and Figure 3 show the number of proteins surveyed and the 

percent of the druggable proteins in each group. 
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Figure 2: Number of proteins and number of druggable proteins 

Figure 3: Percentage of druggable proteins 

It is well known that the target identification is typically the starting point of the modern drug 

discovery or design processes, in this study two criteria were used for choosing the targets, 

subcellular location and druggability. Druggability is effected by some factors, among these 

geometric configurations of the protein and good drug target should have grooves with sufficient 

convexity and potential interaction [35]. The reason for selection of outside targets instead of 
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intracellular targets is beyond the fact that the pathogen in an attempt to survive can shift into 

different metabolic states upon drug treatment, i.e. using escape pathways associated with changes 

in bacterial metabolic state [36,37], in addition larger number of proteins can convert into effective 

target upon disruption of protein interactions by small molecules. According to Figure 2, secretory 

proteins represented the largest group and dormancy proteins as the smallest group as annotated in 

Uniprot database.  

3.1. Secretory proteins: The selected proteins are shown in Table 1 

Table 1: Secretory proteins 
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*D= druggable protein 

Secreted proteins play an important role in the interaction of bacteria with each other and with their 

environments. In Mtb participate in adhesion, cell migration, invasion, signal transduction, virulence 

and survival inside the host and they are the major source of immunogenic proteins. it compromised 

about 12% of the mycobacterial proteins. They are secreted by known secretory mechanisms and 

some secreted by unknown mechanisms, the latter referred as non-classical secretory proteins 

[38,39]. 

3.2 Transporters 

This group of proteins are essential for bacterial survival and persistence. According to transporter 

classification system, there are about five classes included in TCDB database adopted by PATRIC 

database, these are channels, secondary carries, primarily transporters, group translocators and 

transmembrane [40]. The transporters surveyed in this study are shown in Table 2 
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Table 2: Transporters 

 

 

These proteins are involved in moving substrates, interestingly, it has been found that exporter: 

importer proteins is high in Mtb. The influx included sugars, amino acids, metals and anions, while 

the efflux mainly works with pumping the drugs and deleterious substances to cell such as acetate 

[41,42,43]. The transporters are overlapped with other categories of bacterial proteins performed 

other functions (results not shown), about 44.6% are druggable (Figure 2, Figure 3) so can be hit to 

disturb cellular functions. 

3.3 NTPome  

Nucleotide tri phosphate binding proteins (NTPome) is the third group of mycobacterial proteome, 

114 proteins were surveyed according to the criteria assumed in this study, about half of them are 

druggable (Table 3). 
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Table 3: NTPome proteins 

 

 

These proteins participate in many cellular processes; it has been found that about 43% of Mtb 

proteins can theoretically bind to NTP ligands [44]. They regulate signal transduction events, 

mediate number of transport reactions, importantly they participate in oxidative phosphorylation for 

gaining energy under aerobic conditions and in other ways for gaining energy [45,46,47]. ATP is 

abundant molecule serves as phosphate donor for phosphorylation of many proteins and has been 

found that 72% of NTPome bind to ATP and some of them are ATP dependent such as kinases, some 

chaperones, transporters and others which play essential roles in Mtb viability, pathogenesis and 

drug resistance, some of them were exploited as drug targets [48,49,50]. 

3.4.PE/PPE proteins 

This group of proteins play a role in evasion of host immune response, they are divided into several 

families and are unique to mycobacteria and particularly abundant in pathogenic mycobacteria. It is 

believed that they are source of antigenic variation which allow the Mtb to escape antigen–specific 
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host response [51]. Mtb has about 200 putative proteins, they comprised about 6/25 major cell 

surface proteins [52,53], some are with high molecular weight and may be tightly associated with 

cell wall and can have limited cleavage sites. Several PE/PPE genes are upregulated upon 

macrophage infection and host tissues and play important role in subverting innate immune response, 

it can limit nitric oxide (NO) production. The selected proteins are shown in Table 4 

Table 4: PE/PPE proteins 

 

More than 40% of the selected proteins are druggable (Figure2, Figure 3). The family PE-PGRS are 

highly expressed within granulomas and have been shown to be essential for the virulence of Mtb 

[54], therefore, the members of this category genes/proteins constitute potential drug targets [24] 

especially the secreted proteins as some associated or be ESX substrates and participate in virulence 

and pathogenesis mechanisms, they considered as a key comments of cell wall that interact with the 

host [38,55,56,57].  

3.5. Resistance and Efflux pump proteins  

The proteins of this selected group are shown in Table 5A for resistance proteins and Table 5B for 

efflux pumps.              

Table 5A: Resistance proteins 
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Table 5B: Efflux pump proteins 

 

Large number of resistance proteins are druggable (about 39%) and 54% of efflux pump proteins. 

Drug resistance in Mtb is complicated phenomenon involving both intrinsic and induced 

mechanisms. The former includes the efflux pumps activation which is regarded as the first step 

towards high level of resistance [58], and this unfortunately exacerbate the burden of TB and the 

appearance of MDR-TB and XDR-TB strains worldwide, for example in Angola reached 71% of 

treated patients and 8% in new cases, and in Ethiopia higher levels were recorded recently [59,60] . 

At the beginning there was monoresistant TB, then followed by appearance by MDR-TB which is 

resist to one or more of first line drugs, after that XDR-TB strains appeared as well which are resist 

one or more of second line of drugs, the situation become worse upon the appearance of XXDR-TB 

which then named TDR-TB strains, this resists all drugs. TDR stains recorded at the first time in 

USA, then in Iran, 15 strains were estimated, among them 4.3% in the Iraqi immigrants [61], in 

India [62], in south Africa [63], and globally there are 10% TDR of all MDR strains [64], these 

numbers may not reflect the real situation, recent reports pointed that TDR-TB found in 105 

countries and is expected to increase in the future [65]. Several strategies are being explored to 

counter the problem of resistance [66]. Third line of drugs appeared to treat the resistant strains, 

among these linezolid for treatment of XDR, this drug act by binding to V domain of 16S rRNA in 

50S ribosomal subunit, therefore inhibiting the early steps of protein synthesis, but bacteria can 

develop rapid resistance to this compound by single or multiple mutations in the 16S rRNA as in 

Staphylococcus haemolyticus [67]. The main and essential problem of resistance is attributed to 

efflux pumps. The pumps involve naturally in removal harmful substances from the interior of cells 

to exterior environment, a process requires energy [41,42,43]. Efflux pump systems involved in 

expelling drugs from the bacterial cells leaving low concentrations of drugs which help in 

development of different mutations, so the drug-tolerant bacteria continue to replicate under the 

protection of efflux pumps and generate different chromosomal mutations associated with high level 

of resistance [68]. Mtb presents the largest number of putative efflux pumps and there is about 148 
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genes coding for membrane transport proteins [69], those belong to ABC (ATP-binding cassette) 

superfamily, MFS (major facilitator) superfamily and SMR (small multidrug) superfamily [70]. First 

class use ATP as energy source and are substrate specific, while the rest are not specific and use pmf 

(proton motive force of H+ or Na+) generated across the membrane to derive the extrusion of the 

drugs from the cell [41]. MDR-TB and XDR-TB overexpress efflux pumps and this may be without 

involvement of chromosomal mutations leading to treatment failure [71], however , some mutations 

were recorded in efflux pumps genes but not found in Mtb H37Rv strain [72] .But other genes 

implicated in drug resistance are mostly practice mutation of drug targets , which differ according 

to the drug , lineage to which the strain belongs and host [69], and can lead to alteration of cell 

structures such as the permeability of cell envelope/cell wall [73]. Efflux pumps are becoming an 

attractive area for research to develop new drugs, and to deal with these pumps may be by blocking 

ATP energy source, or using inhibitors that restoring the activity of drugs independent of the level 

of resistance and decreases the concentration of drug expelled by pumps, thus could reduce the 

duration of TB treatment [58,69]. As chromosomal /gene mutations are the common mechanisms 

for resistance, so more than one database were built for this reason such as TB Drug Resistance 

Mutation Database and” MUBII-TB-DB database. 

3.6. Cell wall and Cell surface associated proteins 

Selected proteins of this categories are shown in Table 6A (Cell wall), Table 6B (Surface proteins)  

Table 6A: Cell wall proteins 

 

Table 6B: Cell surface proteins 

 

For surface proteins there are 46% druggable, while the cell wall proteins only 37.5% are druggable 

(Figure 2, Figure 3). The cell wall of mycobacteria consists of three main covalently linked polymers, 

the basal peptidoglycan layer, an intermediate electron-transparent layer and outer dense layer 
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[73,74], this structure acts as a permeation barrier and for regulation of pathogen-host interactions, 

and its lipids act as virulence factor during infection [6,7]. Many proteins are associated with this 

structure can be exploited as drug targets at the outer borders of the bacterium. Concerning the 

surface proteins, these known to be expressed on the surface of mycobacteria and are the first to 

come into contact with the host, consequently have significant role in the interactions with the host 

and initial stages of bacillus invasion, virulence, pathogenesis and survival inside the host. Some 

proteins may be secreted and detached from the surface, and then accumulated and re-association 

with bacterial surface where they are able to execute their biological functions including adherence 

to host and entry [75]. The abundance of cell surface proteins and their functions has led to focusing 

on these proteins as drug targets and for vaccine development, this has been facilitated by the 

annotation of the complete genome sequence of Mtb strain H37Rv [39], and some of novel anti-TB 

agents are in current development and clinical trials. 

3.7. Stress and Dormancy protein 

Some of the out border proteins are encountered in stress, shown in Table 7A, and the related group, 

Dormancy proteins are shown in Table 7B 

Table 7A: Stress proteins 

 

Table 7B: Dormancy proteins 

 

Proteins in these groups showed the highest druggability scores, 66.7% for stress proteins and 75% 

for dormancy proteins (Figure 2, Figure 3). Stresses encounter by Mtb with the host can be 

considered as oxido-reduction stress mainly, these include hypoxia (as in granulomas) , acidity , 

NO , carbon monoxide (CO) and others such as starvation . Mtb can monitor these factors and 

response to them in different ways, for example, changing the metabolic pathways or production of 

redox buffers such as ergothioneine and mycothiol [76,77]. It has been found that under stress of 

low oxygen tension (hypoxia) the bacterium change the expression of about 230 genes [78]. The 

most important in this aspect is the superoxide dismutase (Rv Rv3846), which contributes to 

pathogenicity of many bacterial species [79], the important proteins are those dealing with nitrogen 
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radicals [80] and others activate transporters to transport metal cations , sulphate, molybdate and 

peptides and also regulate phosphate homeostasis [81] . Some proteins can be involved in more than 

one stress such as Rv0014c (pknB) which participate in hypoxia and starvation [82,83], and the 

universal stress protein Rv2623 participates in more than bacterial activities under different stresses 

[10]. Facing the different stresses by Mtb leads to dormant states. So dormancy is one of virulence 

strategy developed by Mtb, and there are 25% of global population are latently infected [76,77] . 

This state, i.e. built up the success of Mtb to be a good human pathogen, as slowing the 

growth/arrested growth in responses to immune pressures and other stresses consequently derives 

drug tolerance, for example the MBC of rifampicin increased to 50-250 times [84], and help the 

bacterium to escape the activated immune system of the host. Under dormancy state different 

activities and structures of cell are changed, cell wall undergoes composition alteration and become 

thicker [84], in addition Mtb exhibiting larger metabolic plasticity, it effects the macrophage 

metabolism and led the latter to accumulate lipids which provide the bacteria with nutrients required 

to sustain dormancy for decades [77]. 

3.8. Signal transduction proteins  

Some signal transduction proteins were covered in this study (Table 8) 

Table 8: Signal transduction proteins 

 

more than half are druggable (Figure 2, Figure 3). In general, bacterial cell membrane is in front to 

sense the environmental factors and initiate a signal transduction which often mediate their 

biological function through interaction of elements in cascades [10]. Mtb utilizes multiple 

mechanisms to protect itself from the host antimicrobial assault and evolved systems to sense the 

stages of infection starting from engulfment within macrophages and activates systems to block host 

defense pathways [86,87]. The bacterium possesses a wide repertoire of signal transduction systems 

including 11 two component system (TCS) , 11 eukaryotic-like serine/threonine protein kinases 

(PknA-PknL) , protein tyrosine phosphatases (PtpA, PtpB and PtkA) .These proteins play key roles 

in bacterial adaptation and responses to host defense mechanisms through modifying the host 

activities in a way to support its survival and pathogenesis , in that several studies showed that 

phosphatases and kinases modify host proteins that help in the establishment of disease , they 
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reprogram the metabolic activities and inhibition of autophagy by host cell [86,87]. TCSs practice 

reversible phosphorylation and dephosphorylation which is the key mechanisms by which 

extracellular signals are translated into cellular responses, and since TCSs of Mtb are quite distinct 

from regulatory system of mammalian cells, so they represent good drug targets. Other studies 

demonstrate that serine/threonine protein kinases such as PknB (Rv0014c) is a drug target in all 

stages of Mtb life cycle [85].  

Table 9: Proteins with crystal structure 
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4. CONCLUSION 

In all cases and for proteins mentioned through this study the interaction between them could 

provide another route for effects. It was found that not all the selected proteins could be drug target 

and they are without druggability characters, as the latter depends on certain criteria, but the bacterial 

pathogenicity could be attacked through the interactions, since all cellular components are working 

in network fashion. Many of the studied proteins were found to be overlapped. The designing of 

drugs could be started with proteins having pdb structures (Table 9), and the other waiting for 

estimation such structure or using modeling approach. Two druggable proteins (Rv0350, Rv3280) 

with crystal suture were excluded as they shown human homology. 
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