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Introduction 

Tuberculosis (TB) has placed a heavy burden on the global commu-
nity for Centuries, earning such morbid nicknames as, ‘The White 
Plague’ and ‘the Captain of the Men of Death’ [1]. The causative 
agent, Mycobacterium tuberculosis (MTB), kills about 2 million peo-
ple annually making it a leading cause of infectious death worldwide 
[2,3]. Current estimates place the number of people latently infected 
with MTB at nearly 2 billion, or one-third of the Earth’s population 
[3,4]. Eradicating this enormous reservoir of latently infected carri-
ers is complicated by several factors, including the availability, cost, 
and length of drug therapy required for successful treatment of la-

tent TB. 

The discovery of genes that play key roles in mycobacterial persis-
tence has paved the way towards identifying novel targets unique to 
persistent organisms. Two-component regulatory systems belong to 
this class of novel targets. [5-7]. Two-component systems are ma-
jorly involved in sensing and responding to changing environments 
in bacteria [8]. DevR is one of the best characterized transcriptional 
regulators of MTB. It is a typical two-domain response regulator of 
the NarL subfamily [9] and its N-terminal domain that contains a 

phosphorylation site, Asp54, is connected to the C-terminal DNA 
binding domain (DevRC) by a linker sequence [10-13]. The target 
genes of the DevR regulon are predicted to contain one, two or 
more putative DevR binding sites (Dev boxes) in their upstream 
regions [14]. In bacteria, two-component response regulator sys-
tems are an important means by which a variety of environmental 
signals are transduced into a phenotypic response. These systems 
typically consist of a membrane-bound sensor kinase and soluble 
response regulator that is activated by a histidine-aspartate phos-
phorelay to bind to upstream of specific genes and alter their ex-

pression [15]. 

In Mycobacterium tuberculosis the DevR-DevS two-component 
system, along with sensor kinase DosT, plays a key role in its adap-
tation to hypoxia and to other signals likely to prevail in- vivo, such 
as nitric oxide, carbon monoxide, and vitamin C [16-22]. During 
bacterial adaptation to hypoxia and other stress signals, DevR re-
sponse regulator mediates the induction of ∼48 genes that make 
up the DevR dormancy regulon [23]. The Two-component systems 
(TCSs) are typically composed of a membrane-located sensor with 
histidine kinase activity and a cytoplasmic transcriptional regulator. 
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Generally, stimuli detected by these systems are transformed into a 
cellular signal by autophosphorylation of the sensor proteins at a 
conserved histidine residue. The phosphorylated histidine of these 
sensor proteins is the source for phosphorylation of an aspartic acid 
residue in the so-called ‘receiver domain’ of the transcription factor. 
Phosphorylation of the regulatory proteins induces a conformational 
change which alters their DNA-binding properties. A small number 
of TCSs are characterized by a complex phosphorelay between two 
histidine and two aspartic acid residues present in four signalling 
domains, which can either be independent proteins or be integrated 
into multidomain TCS proteins in various combinations [24]. Already 
in previous studies it has been reported that DevR is a stationary-
phase regulator required for adaptation to oxygen starvation and 

resistance to heat stress in M. smegmatis [25]. 

Thus DevR is proposed to be an attractive target for the develop-
ment of inhibitors against dormant organisms [26-29] and for devel-
oping vaccine against persistent organisms [30-32]. The present 
study aims to over express the recombinant protein (DevR) in E. 
coli BL21 (DE3) and purify it to determine the immunological reac-
tiveness by testing sera from TB patients and healthy donors of 
south Indian population. This may help to identify and develop a 
novel anti-tuberculosis vaccine with higher efficiency than BCG by 

genetic engineering. 

Materials and Methods 

Materials 

Mycobacterium smegmatis was obtained from Tuberculosis re-
search center, Chennai, India. Escherichia coli strains XL10 gold 
and BL21 (DE3) were obtained from Stratagene, USA. Plasmid 
pRSET-A was obtained from Invitrogen, USA. T4 DNA Ligase, SacI 
and KpnI were obtained from Fermentas, Thermo scientific, Inc. 
Spin Clean Chelating IDA Excellose column (1mg/mL) from Mbi-
otech, South Korea. Anti-Human IgG conjugated with HRP, TMB/
H2O2 were obtained from Merck, USA. All other chemicals were of 

molecular biology grade or higher. 

Culturing of Mycobacterium smegmatis and E. coli 

Mycobacterium smegmatis was inoculated in LJ slants incubated at 
37°C. E. coli XL10 gold harboring pRSET-A was grown in LB broth 
with ampicillin (100 μg/mL) overnight at 37°C, in a shaker incubator 
(250 rpm). E. coli BL21 (DE3) and XL10 gold were grown in LB 

broth overnight at 37°C, in a shaker incubator. 

pRSET-A Plasmid Isolation, Genomic DNA Isolation, PCR Am-
plification and Cloning of DevR Protein of Mycobacterium 
smegmatis 

The pRSET-A plasmid was isolated from E. coli using SIGMA plas-
mid miniprep Kit. Genomic DNA of M. smegmatis was isolated by 
Phenol/Chloroform method and checked for purity by UV spectro-
photometer and electrophoresis in agarose gel. The DevR gene is 

amplified using the primers,  

DevR-F-(5'-GATTCGAGCTCATGATCAGGGTTTTTCTGGT-3') and 

DevR-R-(5’-GTACCGGTACCCTAGTTGCGCCGGTCCAGTTTG-3’). 

PCR was performed for 34 cycles of denaturation at 94ºC for 30s, 
annealing at 55ºC for 30s, extension at 72ºC for 30s, followed by 
final extension for 5 min at 72ºC. The PCR product and pRSET-A 
plasmid were subjected to restriction digestion using SacI and KpnI. 
Then the PCR product and plasmid were ligated using T4 DNA 
Ligase. The ligated plasmids were transformed to E. coli BL21 
(DE3) using calcium chloride mediated heat shock method as de-

scribed by Chung and Miller with minor modifications [33]. The re-
combinants were selected by growing the transformed E. coli cells 
in ampicillin containing LB broth and confirmed by insert release 

from the recombinant plasmids. 

DNA Sequence Analysis 

The orientation of recombinant clone DevR: PRSETA, were com-
mercially sequenced [Applied Biosystems (P) Ltd; Bangalore, India] 
to confirm inframe ligation. Oligonucleotide T7 forward and pRSET-
A reverse primers were used for sequencing. The amplified prod-
ucts were preceded for Cycle sequencing PCR reactions. Extended 
products were precipitated and purified by using 3M sodium acetate 
and ethanol purification method and the samples were denatured at 
94°C for 5minutes after adding hidiformamide and the sample plate 
was linked to 373-48 capillary array equipment, ABI (Applied Bio-

systems). 

Expression and Purification of DevR Protein in E. coli BL21 
(DE3) 

The expression of DevR was induced by 1.5nM IsoPropyl-1-Thio-β-
D- Galactopyranoside (IPTG) in mid-log phase (OD600 nm of 0.6-
0.7) at 25ºC for 5 hours. The expressed recombinant protein was 
isolated and purified by capturing the DevR using Spin Clean Che-
lating IDA Excellose column (1mg/mL). The quality of the expressed 
and purified DevR was checked by Tricine-SDS-PAGE followed by 

staining with Coomassie brilliant blue R-250 stain. 

Immunoscreening of the Recombinant Protein Antigen in TB 
Patients 

Study Population 

After informed consent, 5 mL of venous blood samples were ob-
tained from 36 BCG vaccinated and 12 non-vaccinated TB patients 
(20-60yrs old patients from Govt. Hospital of Thoracic Medicine, 
Tambaram sanatorium, Chennai and Govt. Hospitals at Erode and 
Salem, Tamilnadu, India). The sera were separated by standard 
procedure and the decomplementation was done at 56ºC for 30 
minutes. Finally the sera were stored at -20ºC with appropriate 
labeling. A total of 48 samples were collected from healthy control 

subjects. 

ELISA 

The recombinant protein was screened for antigenic properties. 
Enzyme linked immunosorbant assay (ELISA) was done to detect 
the IgG antibodies to the purified protein in the serum of both M. 
tuberculosis infected patients and healthy control subjects. For ELI-
SA, 96-well polystyrene microtiter plates were coated with antigen 
(DevR) at 1µg/mL (0.1mL per well) in carbonate-bicarbonate buffer 
(PH 9.0) overnight at 4ºC. The plates were washed thrice with 
washing buffer. Plates were blocked with phosphate buffered saline 
(pH 7.4) containing 1% BSA for 2 Hrs. at 37ºC and washed exten-
sively with PBS. Serum samples were diluted at 1:500 in sample 
dilution buffer and 0.1 mL of diluted serum was added to antigen-
coated wells in duplicate and incubated for 30 min at room tempera-
ture. Plates were washed extensively with PBS-T and then incubat-
ed for 30 min with 0.1 mL of 1:10,000 diluted goat anti-human IgG 
conjugated with horseradish peroxidase (HRP) per well. Plates 
were washed with PBS-T and 0.1 mL of TMB/H2O2 was added to 
each well and incubated for 20 minutes. After the addition of 0.1 mL 
of 1N H2SO4 to stop the reaction, the optical density at 450 nm (OD 
450) was measured with an automatic microplate reader (Versa 

Mex, Molecular devices). 
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Statistical Methods 

The ELISA results are expressed as percentages wherever appro-
priate. The means and standard deviations (SD) were calculated for 
the sera of uninfected healthy donors (n=48) and the cut off for 
positive response was calculated as greater than the mean plus 3 
SD, and for high level responses, as the mean plus 6 SD. The 
mean of control group (N=48) was compared with the mean of TB 
patients (BCG vaccinated and non-vaccinated) group (n=48) for the 

significance by using students T-test [34]. 

Results 

Cloning of DevR Gene and Recombinant Selection 

The genomic DNA was isolated from M. smegmatis [Fig-1] and 
PCR amplification of DevR gene was obtained with no non-specific 
amplification [Fig-2]. The ligated recombinant plasmid with DevR 
gene was successfully screened [Fig-3]. The insert was released by 
digesting with SacI and KpnI [Fig-4] and sequenced to find the 
DevR gene is in-frame with the plasmid [Fig-5]. The recombinant 
plasmids were over expressed by IPTG induction for 4 hours [Fig-6] 
and the DevR protein product (30 KDa) was purified using Spin 

Clean Chelating IDA Excellose column [Fig-7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1- Genomic DNA Isolated from M. smegmatis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2- PCR amplification of DEVR gene 

Fig. 3- Recombinant plasmid with DEVR gene selection 

Fig. 4- Insert released by double digestion with KpnI and SacI 

Fig. 5- Cloned DVER gene sequence to pRSET - A plasmid 

Fig. 6- SDS page analysis of total protein content of IPTG induced 

E. coli with recombinant plasmid 
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Fig. 7- Purified DEVR protein 

Measurement of IgG Antibody to Mycobacterial Recombinant 
Antigen by ELISA 

In the present study, immunoreactivity of DevR to IgG antibody in 
the sera from TB patients was detected by ELISA. The study popu-
lations (20-60yrs old) were grouped based on the BCG vaccination. 
The serum IgG antibody titer values against Mycobacterium smeg-
matis recombinant protein antigen DevR were measured from the 
healthy donors (negative control) group of 48 individuals. The mean 
and standard deviation (SD) were calculated from the sera of 
healthy control and subjects (n=48). The mean plus 3SD of the 
healthy donors was used as the cut off point for positive response 
and high level positive response. The cut off response for positive 
response and high level positive response for mycobacterial recom-
binant antigen were shown in [Table-1]. In the healthy donors 
group, recombinant protein DevR was found to be below the cut off 
value. Thus, the cutoff values were sufficient for determination of a 
positive response. The comparison of TB patients with the cutoff 

value is shown in the [Fig-8]. 

Fig. 8- Evaluation of IgG in the sera from BCG vaccinated and non-
vaccinated pulmonary TB Patients using Mycobacterium smegmatis 

DEVR purified recombinant antigen by ELISA 

Table 1- Cutoff values for DevR recombinant Mycobacterial protein 

antigen. (Based on the response to the sera of healthy donors) 

The mean IgG antibody levels in sera of both BCG vaccinated 
(n=36) and non- vaccinated (n=12) patients with tuberculosis were 
significantly higher compared to the healthy donors in [Table-2]. 
The comparison of mean OD value of healthy controls with BCG 
vaccinated and non-vaccinated TB patients using ELISA and the 

statistical significance are summarized in [Table-3]. 

Table 2- Positive IgG immune response in the sera of TB patients to 
Mycobacterium smegmatis DevR recombinant antigen by ELISA 

(Based on cutoff values: Mean OD at 450nm + 3SD of the healthy 

donors) 

Table 3- IgG Immuno-reactivity of recombinant Mycobacterium 
smegmatis DevR antigen with sera of Healthy donors, BCG vac-

cinated TB patients and Non-vaccinated TB patients by ELISA 

Discussion 

Tuberculosis remains one of the dreaded global infectious diseas-
es. Identification of antigens and determination of their effect in 
eliciting the immune response are the most essential areas of TB 
research. A rapid, accurate and convenient diagnostic test is highly 
needed for the control of TB. To improve the diagnosis of TB, differ-
ent diagnostic techniques have been investigated in recent years. 
The conventional methods of diagnosis including culture, microsco-
py and radiological methods have major limitations. Several sero-
logical assays like interferon-γ assay have been used. These im-
mune based tests for the detection of antibodies have the inability 
to distinguish from latent TB infection and exposure to non-
tuberculous Mycobacteria. Hence highly immunogenic antigens of 
Mycobacterium should be identified and a more detailed immuno-
logical analysis should be carried out to compare and evaluate their 
immunogenicity. The present study was designed to evaluate the 
efficacy of antigen DevR (MSMEG_5244) in serological diagnostic 
assays by determining the immunological reactivity of this protein. 
The protein encoding ORF was cloned, sequenced, expressed in E. 

coli and the recombinant protein was purified.  

In bacteria, Two-Component Systems (TCS) have been widely 
used signal transduction devices which are engaged in a multitude 
of gene regulatory systems that respond to changing growth condi-
tions. Many pathogenic bacteria encounter different microenviron-
ments during their infectious cycle and their ability to efficiently 
adapt to different niches inside and outside of their host organisms 
is frequently mediated by TCSs, which can, therefore, be consid-
ered as an essential prerequisite for their pathogenicity. Although 
significant progress has been made in the elucidation of basic prin-
ciples of the signal transduction process itself, in many pathogens 
the contribution of TCS to bacterial virulence is insufficiently recog-

nized.  

Owing to their versatility in sensing diverse intracellular and extra-
cellular signals and their variable modular architecture, TCSs are 
convenient devices for the regulation of the expression of virulence 
properties. Despite the detailed knowledge about the phosphoryla-
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Antigen 
Mean OD 
at 450nm 

SD 3SD 6SD 
Cutoff values (Mean 

OD at 450nm + 3SD of 
Healthy donors) 

Cutoff values (Mean 
OD at 450nm + 6SD of 

Healthy donors) 

DevR 3.231 0.0891 0.2673 0.5346 3.498 3.765 

Mycobacterium 
smegmatis  
DevR  
recombinant 
antigen 

Status of TB patients 

BCG Vaccinated 
Pulmonary TB 
patients (n=36) 

Non BCG Vaccinated 
Pulmonary  

TB patients (n=12) 

Both BCG vaccinated and 
non-vaccinated Pulmonary 

TB patients (n=48)  

% of reactivity % of total reactivity 

DevR 72.22% (26) 83.33% (10) 75% (36) 

Healthy donors 
(n=48) 

BCG vaccinated TB 
patients (n=36) 

Non-vaccinated TB  
patients (n=12) 

Mycobacterium 
smegmatis 
DevR antigen   

Mean OD 
at 450nm 

Standard 
deviation 

Mean OD 
at 450nm 

Standard 
deviation 

Mean OD 
at 450nm 

Standard 
deviation 

DevR 3.231 0.0891 3.571 0.129 3.581 0.121 
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tion-based signal transduction mechanism itself, surprisingly little 
information is available about the molecular basis for its contribution 
to bacterial virulence. Future research should be aimed at under-
standing the targets of TCS mediated regulation, and the regulatory 
networks into which the TCSs are integrated to control the expres-

sion of such a multifarious phenotype as bacterial virulence [35-37]. 

The search for structurally unique antibiotics that inhibit new molec-
ular targets has led researchers to prokaryotic two-component sys-
tems. Two-component systems are attractive for several reasons 
[38]. First of all, they are widespread in bacteria and, so far, absent 
in mammals. Therefore, general HK (Histidine kinase) or RR 
(Response regulators) inhibitors could potentially be broad-
spectrum antibiotics. Alternatively, by targeting specific HKs or RRs, 
selective inhibition may be achieved. The problem is that most two-
component Systems are nonessential. However, there is interde-
pendence not only among the proteins in these systems, but among 
the systems themselves. Cessation or slowing down of these intra-
cellular networks may be a way to affect a cellular shutdown. Per-
haps the most attractive reason for targeting two-component sys-
tems is that they are used by pathogenic bacteria to control the 
expression of virulence factors required for infectivity. Thus DevR 

could serve as a potential target for antimicrobial therapy.  

In search for rapid and cost-effective diagnostic methods for TB, 
immunodiagnosis is considered an attractive option, which uses the 
specific humoral and cellular immune responses of the host to infer 
the presence of infection or disease. Recently, the antigen-specific 
ex vivo induction of interferon gamma (IFN-γ) had been used to 
detect infection with M. tuberculosis. However, the IFN-γ release 
assay could not differentiate the latent tuberculosis infection and 
active tuberculosis efficiently and cannot be recommended for the 
diagnosis of tuberculosis in developing countries, as large propor-
tions of the populations in such countries are likely to harbor latent 
infection with M. tuberculosis [39-41]. Historically speaking, serolo-
gy for the diagnosis of TB has been explored since 1898, when 
crude cell preparations containing carbohydrates, lipids, and pro-
teins from M. tuberculosis or M. bovis BCG were used as antigen 
preparations showing high sensitivity but low specificity [42]. Mod-
ern developments in the purification of antigens, generation of mon-
oclonal antibodies and chromatographic techniques have led to a 
considerable improvement in specificity [43-49]. Serology has addi-
tional advantages in situations when the patient is unable to pro-
duce adequate sputum or sputum smear results are negative and 

TB is extra pulmonary. 

Dowdy, et. al. [50] used a decision-analysis model that suggested 
that novel diagnostic tests have the potential to be cost-effective 
tools in TB control. They argued that ‘‘to produce a cost-effective 
tool for public health, the quest for new TB diagnostics should focus 
on high specificity, affordability and sensitivity for cases missed by 

existing diagnostic standards. 

Data are accumulating that DevR response genes are induced dur-
ing infections [51-55]. Careful dissection of the DevR response 
should help to establish whether it plays a role in TB latency in vivo 
and may facilitate a more focused approach to the discovery of new 
MTB targets for drug and vaccine development. DevR gene was 
PCR amplified from M. smegmatis genome. The PCR amplicon was 
cloned in pRSETA vector and transformed into E. coli XL10 gold. 
The cloned Mycobacterium smegmatis DevR ORFs was in frame 
with the sequences of ATG translation initiation codon, polyhistidine 
tag and the enterokinase cleavage recognition sequence. This was 

confirmed by DNA sequencing. The cloned ORF was expressed in 
E. coli BL21 (DE3) to produce recombinant protein and purified. 
The typical yield of purified DevR was about ~5mg/100mL culture 

each.  

ELISA was carried out to measure serological reactivity of Myco-

bacterium smegmatis DevR purified recombinant protein antigen. 

The serum IgG antibodies against these proteins were measured 

from healthy donors (negative control, group of 48 individuals) and 

TB patients (n=48).The mean and standard deviation were calculat-

ed from the healthy donors. Comparatively, the mean IgG antibody 

levels in the sera of both BCG vaccinated (n=36) and non-

vaccinated (n=12) patients with tuberculosis were appreciably high-

er than the healthy donors (p<0.05).The above findings presented 

here suggest that DevR (M. smegmatis) could be excellent diagnos-

tic marker and very good candidate for vaccine against tuberculo-

sis. Improved serodiagnostic test for TB can be developed only by 

rational design of carefully selected antigen covering broad spec-

trum of antibodies. Use of additional sero-reactive antigens of My-

cobacterium tuberculosis will result in the detection of specific anti-

bodies in almost all patients with active TB. To obtain high diagnos-

tic specificity and accuracy, ideal candidates of serologically active 

antigens specific for Mycobacterium tuberculosis complex should 

be selected. The new generation of immunodiagnostic assays using 

immunodominant antigen could be a milestone in the diagnosis of 

tuberculosis and in the control of TB.  

In conclusion, the recombinant protein DevR of Mycobacterium 
smegmatis was found to be immunodominant with apparent diag-
nostic potential. A large scale evaluation of this recombinant Myco-
bacterial protein in different geographic locations of India/Asia/
Africa will definitely help to develop serodiagnostic tests. Identifica-
tion of more such immunogenic antigens of Mycobacterium tubercu-
losis in various populations will assist in the development of novel 

vaccine against Tuberculosis.  
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