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EXPLOITATION OF HUB PROTEINS AS DRUG TARGETS FOR MYCOBACTERIUM TUBERCULOSIS 
H37RV

ABSTRACT

Objective: Mycobacterium tuberculosis (TB), a causative agent of TB, increased the resistance to most drugs in use and coinfection with HIV. It needs 
the new drug(s), the latter should be special candidate targets.

Methods: Hub proteins were studied (Rv2198c, Rv2507, and Rv3763) which had very high connected partners. These were modeled to be used for 
screening chemical databases.

Results: The proteins were found to be with increased low-complexity regions especially at the amino ends, they exhibited primary level (layers) of 
interactions and involved in secondary and more levels of interactions.

Conclusions: The proteins with high interacting partners would be good targets as their disruption will disturb the cellular functions. The chosen 
targets (Rv2198c, Rv2507, and Rv3763) have very high interactions at a different level (layers), they were modeled to be used in survey of chemical 
databases.
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INTRODUCTION

Mycobacterium tuberculosis (TB) is an intracellular pathogen, a causative 
agent of TB, responsible for high rate of deaths, MTB faces a highly hostile 
environments during infection, such as limited nutrients, reduced oxygen 
tension [1], and immune system. MTB genome comprises 4,411,707 bp 
with about 4000 genes [2]. Having high guanine + cytosine content that 
reflected in biased amino acids in the proteins [2]. It expressed unique 
mechanisms to stand different stresses [3], through the proteins which 
are the main catalysts, structural components and signaling messengers, 
they are the machines of a biological system [4].

The situation with TB is worsened recently with the emergence of 
MDR, XDR strains and coinfection with HIV [1,5]. There is a need for 
therapeutics based on innovative drug targets [6,7], as about 70% 
of the failure across all therapeutics were attributed to the lack of 
efficiency [8]. So hub proteins represented good targets to be attacked, 
especially the highly connected hubs as it disturbance leads to a rapid 
disruption of communication through the cellular network [9,10]. 
This depends on the fact that a drug gable target is a protein, peptide 
or nucleic acid with an activity that can be modulated by a drug or 
chemicals [11]. High protein connections could be attributed to the 
presence of low-complexity regions (LCRs), which believed to play 
pivotal roles across a wide range of biological functions [12,13]. It has 
been noticed that the highly interacting proteins contain an increased 
fraction of LCRs compared to non-hub proteins [14].

It is known that there are several strategies exist to pursuit of drug 
design [8], in this study hub proteins were studied to be new drug 
targets for MTB.

METHODS

The protein sequence of Rv2198c (mmpS3), Rv2507 (hypothetical 
protein), and Rv3763(LpqH) of MTB H37Rv used in this study, the 
proteins were prepared to be used as drug targets.

Protein characterization
1.	 Amino acids sequences were retrieved from different TB database(s).
2.	 Essentiality was checked using DEG database (http://www.

essentialgene.org/ [15], and TDR target database V 5.0 (http://
tdrtargets.org/ [16].

3.	 Secondary structures were estimated using GOR4 server https://
npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_
gor4.html [17].

4.	 Interactome was estimated using STRING database v 10 http://
string-db.org/ [18], for 1st layer of interactions, visANT tool was used 
for the 2nd layer of interactions. http://visant.bu.edu. [19].

5.	 Amino acids similarity of proteins was estimated using BLASTp program 
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_
TYPE=BlastSearch&LINK_LOC=blasthome [20,21].

6.	 Identification of sequences was performed using http://www.
essentialgene.org/ [15], and TDR target database V 5.0 http://
tdrtargets.org/.

7.	 Cellular location of proteins estimated using Hidden Markov Model 
(TMHMM) http://www.cbs.dtu.dk/services/TMHMM/ [22].

8.	 Functionality estimated using pdbsum database http://www.
ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/GetPage.
pl?pdbcode=index.html [23].

9.	 LCR were identified using SEG software incorporated in SMART 
database http://smart.embl-heidelberg.de/ [24].

10.	 Other protein characterization mostly determined according to 
TubercuList database http://tuberculist.epfl.ch/quicksearch.
php?gene+name=Rv2198c&submit=Search [2].

RESULTS AND DISCUSSION

In this study, three proteins were chosen as they have a high degree 
of interactions with other proteins either directly or indirectly. These 
were Rv2198c which is connected to about 1573 proteins; Rv2507 
connects to 1963 proteins, and Rv3763 connects to 2306 proteins 
(http://www.imtech.res.in/raghava/mycoprint/), to be used as drug 
targets, the following shows Protein Characterization.
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Rv2198c
Product protein mmpS3, consist of 299 amino acids (900  bp) [2]. 
BLASTing of protein sequence revealed that this protein is exclusive for 
Mycobacterium genus on screening 1000 genomes using E value 1e-20 
and word size 6, this confirmed by searching TARGET website (http://
webhost.nts.jhu.edu/target/search.aspx?query [25]).

Cellular location of the protein shown in the following Fig. 1.

The secondary structure estimation showed that the protein composed 
of random coil structure (73.58%) and β-sheet to some extent (results 
not shown).

The protein is non-essential according to DEG database [15], and this 
is not true for in vivo essentiality, since the essentiality in DEG build 
on the results of in vitro experiments, i.e., growth on/in lab media, this 
confirmed by results of TDR target database [16], which also indicates 
that this protein belongs to functional category “cell wall and cell 
process” according to Gene Ontology, and the gene in group of low level 
expression (0-20%), and expressed in slow growth in the dormant 
phase of bacterial life cycle and is essential under these situation, in 
addition with low drug gable level (0.3).

Rv2507
A hypothetical protein (MT2582), consists of 273 amino acids (822 bp), 
BLASTing of sequence and revision of TARGET website [16] indicated 
that the protein is mainly mycobacterial, and shows low similarity 
(27-29%) with some species of Gordonia genera and to less extent to 
Nocardia, when screening 1000 genomes included in NCBI. Cellular 
location revealed that it is membrane associated as shown in Fig. 2.

The secondary structure investigation showed that is mainly 68.86% 
is random coils (results not shown). The protein is essential for in vitro 
growth [15,16]. Database(s) and gene ontology approach indicate 
that it belongs to functional category “cell wall and cell process,” it is 
grouped with highly expressed genes (80-100%), and expressed in 
dormant phase, with low druggability level (0.3).

Rv3763
A protein (lpqH, MTV025.11), composed of 159 amino acids (480 bp), 
BLASTing and survey of 1000 genomes of NCBI databases showed that 
is mainly mycobacterial, and showed some similarity extended to about 
40-50% for Gordonia genus, which is confirmed by results of TARGET 
website [16], cellular location associated with membrane as shown in 
Fig. 3.

Protein with PDB structure (4zjm), composed of β-sheets (45.91%) 
and random coils at (54.09) (results not shown). The gene (protein) 
is non-essential for in vitro growth of MTB H37Rv [15]. Gene Ontology 
and pdbsum database results revealed that the protein belongs to 
functional category “cell wall and cell process,” the gene expressed at 
low to moderate level (20-40%), it is upregulated in a dormant phase, 
no chemicals were assigned to react with this protein [16].

Interactions and LCR
The analysis of pathogen interactome is a powerful approach for 
dissecting potential pathways and offers opportunities to be explored 
as new drug targets [13]. PPIs of the studied proteins were studied, the 
first layer of interactions estimated using STRING database as shown in 
the following Fig. 4.

The second and third layers of interaction estimated using visANT 
server as shown in the following Fig. 5.

PPIs forms the basis of cellular events such as signaling, regulation, and 
other processes [3,26], therefore the most highly connected proteins 
are usually the most important and are considered to participate 
extensively in cellular processes [27] these comprises networks that 
can be predicted computationally that leverage the large amount of 

sequences data generated recently [26]. It would be expected that the 
highly connected proteins are chaperones, especially in MTB facing 
hostile environmental factors [3]. Due to the importance of PPIs, many 
databases were built up, and computational based on protein sequence 
and structures have been developed and widely used [26].

Fortunately, most databases and software do combine multiple 
methods (as in visANT software) for predicting interactions using 
different methods, visANT software depends on Predictome database 
and adapts different methods for PPIs prediction [19,26]. It is known 
that selective targets governs the drug discovery process, and it is quite 
useful in analyzing how node deletions in a network can disrupt the 
flow of information which helps in drug discovery and drug resistance 
pathways [11,28], this indicates that despite those established drug 

Fig. 1: Membrane association of Rv2198c protein

Fig. 2: Membrane association of Rv2507 protein

Fig. 3: Membrane association of Rv3763 protein

Fig. 4: Primary interactions of Rv2198c, Rv2507, and Rv3763
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target classes, innovative approaches are addressing previously 
undruggable target classes such as PPIs could be exploited [11].

However, PPIs network building software and their infrastructures 
databases are some flaws, therefore complete network sometimes 
cannot be perfectly obtained, so building our network divided into two 
layers as shown above.

In general, the hub proteins contain LCRs (amino acids sequences that 
contain repeats of single amino acid or short amino acids motif), these 
regions enable them to have more binding patterns across different 

PPIs networks than proteins that have no LCRs [12], the following 
figures show the LCRs of the studied proteins.

LCRs may be involved in flexible binding associated with specific 
functions depending on their position in protein sequence which is 
important for binding properties and biological roles [11,13], it was 
found that some bacteria such as MTB, Pseudomonas aeruginosa, 
Deinococcus radiodurans, and others have high portion of LC sequences 
in their genomes [13,29], which led to suggestion that LCRs are common 
sources of genetic variation in prokaryotes and can be contribute to the 
formation of novel coding sequences facilitating the generation of novel 

Fig. 5: Different layers of interaction of Mycobacterial proteins

c

Fig. 6: (a-c) Low-complexity regions in the studied protein sequences
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protein functions to adapt to fast evolving environments [13,30], this 
evidence comes from the finding that recently emerged proteins contain 
more LC sequences than older proteins and these sequences often form 
functional domains [31]. The presence of LCRs which is flexible regions 
lacking well-defined folding structures is thought to be responsible 
for their versatile binding capabilities and allow them to bind several 
different targets [12,32] as appeared with the studied proteins which 
mostly having no very well organized secondary structures. In addition, 
it has been noticed that the highly connected hub proteins contain an 
increased fraction of LCRs compared to non-hub proteins [14] as shown 
in the studied proteins (Fig. 6). In addition, the increased ability of the 
studied hub proteins (this study) might be explained by the fact that the 
proteins with LCRs in their sequence extremities (t-LCRs) have more 
binding partners than proteins with central LCRs (c- LCRs), it has been 
found that the length of LCRs are positively correlated with the number 
of binding partners especially those in the sequence extremities [12].

Finally, it is obvious that to combat TB, both active replicating bacteria 
and dormant non-  replicating should be eliminated [7,33], and this 
compatible with new approaches in nanomedicine and the progress in 
the comparative docking studies [34,35]. Anyway, the studied protein 
was found to be expressed in dormant phase of the bacterial growth 
cycle, being thought that it is a good strategy to attack the TB. 3D 
structure was estimated, and structure -  based inhibitors screening, 
and prediction of binding sites for chemicals or drugs are going on.

CONCLUSION

The new drug targets of MTB need to be very effective to disrupt the 
cellular functions. The proteins with high interacting partners would 
be good targets as their disruption will disturb the cellular functions. 
The chosen targets (Rv2198c, Rv2507, and Rv3763) have very high 
interactions at a different level (layers), they were modeled to be used 
in a survey of chemical databases.
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