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Abstract 

 

Mycobacterium tuberculosis, the cause of tuberculosis in humans, is present approximately in 

one third of the world’s population, mostly in a dormant state. The dosR regulon proteins are 

mainly responsible for its dormancy survival. To maintain latency, mycobacteria achieve a 

balanced interplay of different cytokines secreted by immune cells during the granulomatous 

stage. The function of most of the dosR regulon proteins of M. tuberculosis is unknown. In this 

study, we have shown that one of the dosR regulon proteins, DATIN, encoded by the gene 

Rv0079, can stimulate macrophages and peripheral blood mononuclear cells (PBMC) to secrete 

important cytokines that may be significant  in granuloma formation and its maintenance. The 

expression level of DATIN in Mycobacterium bovis BCG was found to be upregulated in pH 

stress and microaerobic conditions. Computational modeling, docking and simulation study 

suggested that DATIN might interact with TLR2. This was further confirmed through the 

interaction of recombinant DATIN with TLR2 expressed by HEK293 cells. When in vitro 

differentiated THP-1 cells were treated with recombinant DATIN, increased secretion of TNF-α, 

IL-1β and IL-8 was observed in a dose dependent manner. When differentiated THP-1 cells were 

infected with a modified BCG strain overexpressing DATIN, augmented secretions of TNF-α, 

IL-1β and IL-8 were observed in comparison to a reference strain containing empty vector. 

Similarly, in human PBMCs, M. bovis BCG overexpressing DATIN upregulated the secretion of 

IFN-γ, TNF-α, IL-1β and IL-8. The cytokine profiles dissected herein point to a possible role of 

DATIN in maintenance of latency with the help of the proinflammatory responses.  
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proinflammatory cytokines, TLR2, Rv0079, granuloma 
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1. Introduction 

 

Tuberculosis is one of the deadly diseases that result in heavy morbidity and mortality. M. 

tuberculosis persists in a sizeable portion of the world’s population, probably in a latent form. It 

infects alveolar macrophages and multiplies therein. During latency, these infected macrophages 

are arranged in an ordered structure in lungs and form the granuloma that signifies a 

microenvironment characterized by low oxygen and high nitric oxide. A set of 48 genes of dos 

regulon is up-regulated in stress conditions and presumably play important roles in survival of 

mycobacteria within the granuloma, under latency. The expression of these genes are controlled 

by a regulated gene cluster consisting of three genes (Rv3134c/3133c/3132c), among them, 

DosR (Rv3133c) functions as a cognate response regulator [1-8]. It has been shown that the 

cellular composition of granuloma is in a dynamic state with respect to oxygen tension [9]. M. 

tuberculosis should be able to switch its metabolic activity from aerobic respiration to nitrate 

respiration in time with change in the oxygen concentration within the granuloma. dosR regulon 

plays an important role in recovery from anaerobiosis [10] and therefore it is essential for 

survival. It has been shown that dosR antigens induce stronger humoral immune response in 

individuals with latent infection when compared to acutely infected individuals [11]. This 

suggests stronger expression of dormancy survival regulon genes during latency. Apart from this, 

not many studies are carried out to identify the functions and interactions of the proteins encoded 

by dosR regulated genes. During infection, M. tuberculosis is recognized via TLRs and gets 

phagocytosed by alveolar macrophages. TLR2 in combination with TLR1/TLR6 and TLR4 [12, 

13] together recognize mycobacterial components [14, 15]. It has been shown that inflammatory 

responses are necessary for granuloma formation and long term survival of M. tuberculosis; 

TNF-α, IFN-γ, IL-1β, IL-12, reactive oxygen (ROIs) and nitrogen intermediates (RNIs) are 

important for the maintenance of the granuloma structure [16, 17]. In addition, the chemokine 

IL-8 attracts circulating leukocytes to infiltrate inflamed tissues [18]. 

DATIN encoded by ORF Rv0079 is one of the strongly up-regulated genes of the dosR regulon 

[8]. It has been demonstrated that DATIN may significantly act as regulator of dormancy 

functions such as translation control and stabilization of translational apparatus of mycobacteria 

[19, 20]. DATIN was originally found to be up-regulated under different in vitro and in vivo 

induced stress conditions such as hypoxia [21] and treatment with nitric oxide [7]. It was also 
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shown to be recognized by PBMCs from M. tuberculosis-infected individuals, as well as by most 

of the M. tuberculosis specific T-cell lines which were generated against lysate or culture filtrate 

of M. tuberculosis grown under low oxygen conditions or standard aerated condition. These 

observations support the contention that DATIN could express during infection and under stress 

conditions [11]. In this study, we show the up-regulation of DATIN under pH stress and 

microaerobic conditions and we demonstrate the interaction of DATIN with TLR2 leading to the 

secretion of proinflammatory cytokines such as TNF-α, IL-1β and IL-8 by the cultured 

macrophages and IFN-γ, TNF-α, IL-1β and IL-8 by human PBMCs. These results, as presented, 

might be significant in understanding the role of dormancy related proteins in the maintenance of 

latent state of tuberculosis. 

2. Materials and methods 

2.1. Recombinant strain generation and purification of DATIN:  

The detailed methodology of the construction of recombinant strains [E. coli BL21 

(pRSETA+Rv0079) and BCG (pMV261+Rv0079)] and purification of recombinant DATIN has 

been described previously (19, 22-24). 

 

2.2. qRT-PCR to quantify the relative expression of DATIN: 

 

M. bovis BCG (pMV261) and M. bovis BCG (pMV261+Rv0079) were grown up to cell density 

(OD600) of 
 
2.0 in Middlebrook broth with 10% OADC containing 25 μg/ml Kanamycin at 37 °C. 

They were then kept for 1 week at 37 °C in Middlebrook 7H9 broth of pH 5.3 supplemented with 

10% OADC containing 25 μg/ml Kanamycin for pH stress or they were kept in microaerobic 

condition for oxygen stress. Microaerobic condition (6.2-13.2% oxygen) was achieved using the 

GENbox system from BioMérieux. RNA and cDNA were prepared from the BCG cultures 

grown in stress-free condition (neutral pH, atmospheric oxygen concentration), pH stress and 

microaerobic condition according to the protocol described by Khattak et al. [25]. Primers used 

for amplifications were (i) for gene Rv0079: 5´-GTA TTT CCC CCA GGA TGG TCA-3´ and 

5´-GTC GTA GCG GGA GTA GAG CAG-3´ and (ii) for 16S rRNA gene: 5´-GAC CCC GTG 

AAG TCG GAG TCG -3´and 5´-TTC ATG ACG TGA CGG GCG GT -3´. Relative 

transcription level of DATIN in pH stress and microaerobic conditions was calculated in 
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comparison to stress-free condition by the ΔΔCT method. Relative expression of DATIN in the 

overexpressing strain [BCG (pMV261+Rv0079)] was also calculated in comparison to the BCG 

strain containing the empty vector [BCG (pMV261)]. Expression of 16S rRNA gene was used as 

reference gene for normalization. 

 

2.3. Differentiated macrophages and human blood cells: 

The human macrophage cell line THP-1 (DSMZ GmbH, Braunschweig, Germany) and 

recombinant HEK293 cell line (HEK-Blue™-hTLR2, InvivoGen, San Diego, US) were used for 

treatment with DATIN to measure cytokines in the culture supernatants and TLR2 activation. 

THP-1 and PBMC were used for infection with BCG. The THP-1 was maintained in RPMI 1640 

(GIBCO® Invitrogen, Darmstadt, Germany) supplemented with 10% fetal bovine serum 

(BioWhittaker, Walkersville, MD, USA) by passaging twice weekly.  

Aliquots of human blood were obtained from German Red Cross and PBMCs were isolated by 

Ficoll-Paque
TM

 Plus (GE Healthcare, USA) gradient centrifugation according to the 

manufacturer’s recommendations and as described in Sharbati et al. [26]. Cells were resuspended 

in ACK-lysis buffer (0.15 M NH
4
Cl, 1.0 mM KHCO

3 
and 0.1 mM Na

2
EDTA, pH 7.3) to remove 

remaining erythrocytes from the cell pellets and then incubated for 5 min on ice. PBS was added 

to the lysis buffer, the cells were washed with PBS twice and then resuspended in IMDM 

medium with L-Glutamine (PAA, Pasching, Austria) and 3% human AB serum (PAA, Pasching, 

Austria).  

HEK-Blue™-hTLR2 cells were grown in HEK-Blue™ selection medium that contained several 

selective antibiotics to ensure persistent expression of  various transgenes introduced in HEK-

Blue™-hTLR2 cells. Normocin was added to protect HEK-Blue™-hTLR2 cells from any 

possible microbial contamination. The cells were passaged (when 75-85% confluent) using PBS 

by gentle pipetting. Growth media and detection media for engineered HEK293 cell line were 

prepared according to the manufacturer’s (InvivoGen, San Diego, USA) protocol. All cell lines 

and human PBMC were maintained at 37 °C with 5% CO2. 

2.4. Cytokine analysis of culture supernatants of THP-1 cells and PBMC:  
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In 24 well plates (TPP, Trasadingen, Switzerland), approximately 0.2 million THP-1 cells per 

well were differentiated into adherent macrophage-like phenotype with an overnight treatment of 

Phorbol 12-myristate 13-acetate (PMA) at a concentration of 10 ng/ml. The cells were washed 

twice with RPMI1640. THP-1 cells were then either treated with different concentrations of 

DATIN (1.0 μg, 2.5 μg and 5.0 μg) or infected at a multiplicity of infection (MOI) of 50 with 

BCG (pMV261) or BCG (pMV261+Rv0079) for 24 h. THP-1 cells treated w i t h  100 U/ml
 
of 

human IFN-γ ( Invitrogen, Darmstadt, Germany) and 10 ng/ml of
 
LPS, were used as positive 

control. Untreated cells were used as negative control. One million isolated PBMCs were seeded 

in 24 well plates and after 24 h, cells were infected by a MOI of 2 with BCG (pMV261) or BCG 

(pMV261+Rv0079). Uninfected cells were used as negative control while cells used as positive 

co n t r o l  were treated w i t h 10 ng/ml of
 
LPS. All culture plates were incubated at 37 °C with 

5% CO2. Culture supernatants were collected after 24 hrs and were stored at -80
o
C until assayed. 

The cytokine levels of IFN-γ, TNF-α, IL-1β and IL-8 were measured with ELISA Kits (Ready-

SET-Go) from eBioscience ( N a t u t ec ,  F r an k fu r t ,  G er m an y)  by following the 

manufacturer’s instructions. 

2.5. DATIN –TLR-2 docking: 

Prediction of protein-protein interaction site was done using MetaPPISP [27] while protein-

protein docking was performed with the web version of PatchDock [28] as decribed earlier [29]. 

The crystal structure of TLR1-TLR2 heterodimer (PDB ID: 2Z82) retrieved from Protein Data 

Bank (receptor) was used for docking study with DATIN model (ligand) under default complex-

type settings. Molecular visualization and general analysis were done using the program PyMOL 

[30]. HBOND program was used to identify hydrogen bonds at the molecular interface [31].  

 

2.6. DATIN-TLR2 interaction assay:  

In order to identify the interaction of DATIN with TLR2, a cell-based colorimetric assay was 

performed with engineered HEK293 cells containing multiple genes from the TLR2 pathway 

(that include TLR2 and genes participating in the signaling cascade). HEK-Blue™-hTLR2 cells 

also express an optimized alkaline phosphatase gene engineered to be secreted (sAP) and 

controlled by several transcription factors such NF-κB and activator protein-1. To measure the 
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interaction of DATIN with TLR2, different concentrations of DATIN (8 ng, 40 ng, 0.2 µg, 

and1µg) per aliquot used to treat approximately 50000 HEK-Blue™-hTLR2 cells. Treated cells 

were incubated at 37 °C in a CO2 incubator overnight in HEK-Blue™ detection medium. In the 

presence of any ligand interacting with TLR2, HEK-Blue™-hTLR2 cells would secrete sAP in 

the HEK-Blue™ detection medium and result in a color change from pink to purple/blue. 

Detection of color change was done with a spectrophotometer at 620 nm. We used another His-

tagged recombinant protein rADIC424A as negative control. rADIC424A is a mutant arginine 

deiminase (ADI) protein of Giardia duodenalis, which was expressed and purified from the 

similar expression system as used for DATIN. TLR2 deficient HEK-Blue cells [(which express 

TLR4 instead of TLR2 on the cell surface), namely the HEK-Blue™-hTLR4 (InvivoGen, USA)] 

were used as negative control. 

3. Results  

3.1. DATIN is up-regulated under pH stress and microaerobic conditions: We wanted to 

determine the effect of stress such as low oxygen pressure or low pH on the expression of 

DATIN. Furthermore, we were interested in knowing the level of up-regulation of DATIN in a 

BCG derivative overexpressing Rv0079 [strain BCG (pMV261+Rv0079)]. The strain M. bovis 

BCG with the empty vector pMV261 displays a physiologic expression of Rv0079 that was 

represented as relative expression level 1 in Figure 1 and served as reference to determine the 

relative expression in the over-expressing derivative. We observed a15 fold expression of 

Rv0079 in BCG (p MV261+Rv0079) as compared to the control BCG strain [BCG (pMV261)] 

(Figure 1). It has been reported that Rv0079 is upregulated in different stress conditions as 

compared to stress-free conditions [7, 8]. We also determined relative expression of Rv0079 in 

different stress conditions in comparison to stress-free conditions using ΔΔCT method and the 

expression of the 16S rDNA for normalization. As compared to stress-free growth conditions, 

Rv0079 was expressed approximately 22-fold in pH stress and approximately 2.5-fold in 

microaerobic conditions, respectively (Figure 2).  
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Figure 1: DATIN expression in BCG strain overexpressing Rv0079. RNA was isolated from M. bovis BCG 

(pMV261) and M. bovis BCG (pMV261+Rv0079) grown under normal condition. Reverse transcription followed by 

real time PCR was done to quantify the expression levels of DATIN. Upregulation of DATIN was observed in M. 

bovis BCG (pMV261+ Rv0079) as compared to M. bovis BCG (pMV261). 

 

 

 

Figure 2: Impact of stress on DATIN expression. RNA was isolated from M. bovis BCG grown under different 

conditions. Reverse transcription followed by real time PCR was done to quantify the expression levels of DATIN. 

Upregulation of DATIN was observed under pH stress and microaerobic conditions. 

 

 

3.2. DATIN induces proinflammatory cytokines: Recombinant purified DATIN induced 

proinflammatory response in PMA differentiated THP-1 cells. A significant increase in secretion 

of TNF-α, IL-1β and IL-8 was observed as compared to untreated cells (Figure 3). Further, 

cultured THP-1 cells were infected with BCG strains. The amount of TNF-α, IL-1β and IL-8 

secreted by the THP-1 varied as a function of the type of BCG strain used [BCG (pMV261) or 

BCG (p MV261+Rv0079)]. The over expressing strain induced higher secretion of TNF-α, IL-1β 
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and IL-8 (Figure 4). IFN-γ is the most important cytokine for inhibit intracellular mycobacteria 

and we therefore wanted to include this cytokine in our studies. So, we treated human PBMCs 

with BCG strains for measuring IFN-γ together with TNF-α, IL-1β and IL-8. The amount of 

IFN-γ, TNF-α, IL-1β and IL-8 secreted by the PBMCs also varied as a function of the BCG 

strains [BCG (pMV261) or BCG (pMV261+Rv0079)] used for infection. The BCG strain over-

expressing DATIN induced higher secretion of IFN-γ, TNF-α, IL-1β and IL-8 (Figure 5). In 

conclusion, our experiments with differentiated THP-1 cells and human PBMCs indicate that 

DATIN activates immune cells to secrete cytokines relevant to formation and maintenance of 

granuloma. 

 

 

Figure 3: rDATIN stimulates the secretion of proinflammatory cytokines by THP-1 cells. Bar diagrams 

portraying the dose dependent release of proinflamatory cytokines (TNF-α, IL-1β and IL-8) consequent to treatment 

by rDATIN (1 μg, 2.5 μg, 5 μg) for 24 hr. Data represent the means±SDs of three technical replicates. 
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Figure 4: Overexpression of DATIN by M. bovis BCG stimulates the secretion of proinflammatory cytokines 

by THP-1cells. Secretion of the cytokines TNF-α, IL-1β and IL-8 by THP-1 cells infected with BCG (pMV261) and 

BCG (pRv0079) for 24 h. Data represent the means±SDs of the results of three technical replicates. 

 

 

 

Figure 5: M. bovis BCG overexpressing DATIN stimulates the secretion of proinflammatory cytokines by 

PBMCs. Secretion of the cytokines IFN-γ, TNF-α, IL-1β and IL-8 by human PBMCs infected by BCG (pMV261) 

and BCG (pRv0079) for 24 h. Data represent the means±SDs of the results of three technical replicates. 

 

3.3. DATIN interacts with TLR2:  Our data suggest that DATIN induces the secretion of pro-

inflammatory cytokines. Further, we were interested to identify the receptors on the cells through 

which DATIN triggers and up-regulates cytokine expression. In order to identify possible 

interacting domains of DATIN as juxtaposed to TLR2, several programs such as HEX [32], 

GRAMM-X [33] and PatchDock were employed for unbound protein-protein docking with 

TLR2 as a receptor and DATIN as a ligand. Approximately 100 predictions were generated 

using PatchDock. Ten best solutions were selected on the basis of geometric shape and 

complementarity score and were further analyzed to identify one that buried maximum surface 

area upon complex formation. Since there were no biological data available to identify the 

binding interface, MetaPPISP [27] was used to generate possible interacting residues with 

respect to both DATIN and TLR2. This profile was harnessed to analyse the 10 docked 

complexes for the presence of such residues in the interface. Several of the lowest energy 

docking models emerging from this exercise showed DATIN on the side of the TLR2. Among 

ten docked complexes, complex 9 was identified as the most plausible one on the basis of 

minimum energy score and binding interface residues. A docking model of TLR2-DATIN is 

shown in Figure 6A, in which loop 8 region of DATIN is docked into a domain formed by loop 2 

region of TLR2 (Figure 6A). There was no covalent bond observed in docking studies while 

interaction is dependent on electrostatic forces. To confirm DATIN-TLR2 interaction, the 

recombinant HEK-Blue™-2 cell line was used which expressed TLR2 on the cell surface. 
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Generally, if any ligand interacts with TLR2, it should activate downstream signaling through 

NFkB activation resulting in transcription and secretion of alkaline phosphatase (sAP) 

engineered in the cell line; it should then react with detection media and result in colour change. 

Accordingly, we compared the interaction of TLR2 and DATIN with its interaction with the 

positive control provided in the detection kit (InvivoGen). DATIN showed significant interaction 

with TLR2 (Figure 6B). The activation of TLR2 induced by the application of 1 µg of DATIN 

achieved 76.5% of the positive control reading. When we applied rADIC424A protein (instead of 

DATIN) as a negative control, no TLR2 activation was observed. We also used the HEK-TLR4 

cells which express TLR4 on the cell surface to see if there is any interaction with TLR4. These 

cells were the same as the HEK-TLR2 cells (only the expressed TLR type was different). There 

was no reaction with the HEK-TLR4 cells confirming the observed signaling was through TLR2. 

The negative reaction with TLR4 also ruled out the possibility of the presence of any 

lipopolysaccharide fractions in our protein preparation. Apart from these critical controls, other 

experiment level controls such as selection media control, positive control, growth media 

control, and fetal bovine serum control were included in the test. In sum, these observations 

clearly support the interaction of DATIN with TLR2. 

 

 

 

 

Figure 6: DATIN interacts with TLR2. A. Interaction of DATIN with TLR2 using PatchDock. The residues of DATIN and 

TLR2 are colored in cyan and green respectively. The residues showing interaction among both proteins are labelled and 

shown as stick model in element colors (carbon colored green/pink, nitrogen colored blue, and oxygen colored red). 

Hydrogen bonds are annotated by black dashed lines. B. Comparative activation of TLR2 by rDATIN with respect to positive 

control. HEK-Blue™-2 cells expressing TLR2 were treated with different amounts (1 µg and 0.2 µg) of rDATIN and 

interaction of TLR2 with rDATIN was quantified by measuring the activity of the secreted alkaline phosphatase (sAP) read 

as color change which was documented as absorption measurement at 620nm. The sAP activity caused by the positive 

control was set to 100%. 
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4. Discussion 

 

One of the most baffling aspects of tuberculosis infection is that only a small fraction of the 

infected or exposed individuals develop active disease. In the remaining cases, M. 

tuberculosis might persists in a dormant, non-replicative form and a state of drug indifference for 

a prolonged time with an unbattered potential to resuscitate whenever a conducive milieu is 

available. Understanding the latent or dormant form of M. tuberculosis has been a tough 

endeavour because no significant animal models are available and the in vitro models are not 

quite successful or remain impractical. Further, the micro-environment of the granuloma, where 

the dormant M. tuberculosis lodges, is impermeable to the present day anti-TB drugs or there is 

less effect of antibiotics on dormant tubercle bacilli due to their non-replicating state [34]. Given 

this, the fundamental challenge in the control of tuberculosis could be due to the frustrating lack 

of state of art concerning molecular mechanisms triggering the onset of latency, the maintenance 

of the latent state and the reactivation of dormant bacilli. In this study, we attempted to explore 

this problem at the level of dosR regulon gene functions by a combination of predicted protein-

protein interaction followed by validation through cell signaling and in vitro cytokine profiling 

using recombinant protein as well as transformed BCG strains. The use of recombinant BCG 

strains for the analysis of genes from the M. tuberculosis complex is a mainstream and accepted 

approach and it is especially suited because a majority of BCG and M. tuberculosis genes are 

100% homologous and many of the dosR regulon genes have been already analyzed in BCG.   

 

It has been shown that dosR regulon genes are up-regulated during dormancy and that they have 

important immunological roles [11, 35] to play including their newly identified dormancy 

functions such as stabilization of ribosomes [19, 36]. In order to find a new way to cure 

tuberculosis it is important to know the effect of virulence associated genes of the dosR regulon 

and their interaction with the host immune system. DATIN is one of the strongly up-regulated 

genes in the dosR [8], the latter encompasses an essential set of genes needed for adaptation to 

stress conditions. While DATIN has a established role in translation control [19, 36], its amino 

acid sequence presented with high antigenic index prompted us to look into its possible 

immunological/antigenic potential. Further, DATIN was earlier listed as a candidate to induce 

human T-cell responses [11]. While pursuing these upstream observations, and when we treated 
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differentiated human macrophages (THP-1) with DATIN, an increased secretion of 

proinflammatory cytokines was observed (Figure 3) revealing that DATIN activates 

macrophages and could likely play a significant role in innate immune functions that govern the 

microenvironment of tuberculous lesions. As observed, the over-expressing recombinant BCG 

strain induced higher levels of IFN-γ, TNF-α, IL-1β and IL-8 secretion (Figure 4 and 5) 

supportive of a role for DATIN in mounting a proinflammatory response. It is noteworthy that 

TNF-α plays a significant role in granuloma formation, macrophage activation and also immune 

regulatory functions [16, 17]. The studies in mouse models suggested that IFN-γ and TNF-α 

were produced in the lungs of mice with a persistent M. tuberculosis infection [37]. We interpret 

that immune regulation by the secretion of proinflammatory cytokines IFN-γ, TNF-α, IL-1β and 

IL-8 may be significant in the formation of granuloma, in maintenance of its microenvironment 

and also for the persistence of latent mycobacteria.   

M. tuberculosis is specifically recognized by toll like receptors such as TLR2, whose activation 

triggers transcription of proinflammatory cytokines such as IL1β, TNFα, and IL8, which are all 

essential for the recruitment of the cells of inflammation to the site of infection and also to 

contain the infection. It is known that ligands from mycobacteria can induce secretion of pro-

inflammatory [38-40] and anti-inflammatory [41] molecules via TLR2 signaling. Our data 

specifically suggest the interaction of DATIN with TLR2 which we see as an interesting 

possibility that has the potential to enrich the library of bacterial factors that influence host 

responses. 

 

Our computational modeling could generate with a high degree of confidence a model with 

binding sites on DATIN corresponding to ribosomal 30S [19] and the TLR2 (this study). In silico 

docking analyses indicated that DATIN specifically interacts with the loop 2 region of TLR2 

(Figure 6). Although technically highly demanding, it will be possible in future to further 

confirm the uniqueness of the binding pockets, or otherwise, on both the ligand and receptor(s) 

sites through mutagenesis. Nevertheless, the present set of experiments and the data generated 

were of sufficiently high quality and were robust enough to approach the hypothesis of TLR2 

interaction. We could demonstrate that DATIN interacts with TLR2 in a dose-dependent manner. 

Another protein (rADIC424A) used as control and applied in the same concentrations did not bind 

to TLR2. The DATIN concentrations reached within a granuloma are not known and as a 
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consequence we do not know the physiological relevance of the amounts of DATIN applied in 

our experiments. But it is an often applied and accepted method to express proteins and then add 

them to cell cultures to monitor cellular response towards the protein. In all these studies the 

relevance with respect to physiological concentrations is difficult to espouse or predict. It is also 

to be considered that the local concentration of molecules within a tissue or aggregation of cells 

is not uniform, leading to the possibility of relatively high local concentrations of ligands. 

Having this said, our results strongly support a role of DATIN in cell signaling via TLR2. 

 

Given these observations interpreted in the light of our previous study [19] that described 

DATIN to be a translation inhibitor, it is tempting to espouse that the two phenomena, namely 

the ribosome binding/stabilization and interaction with TLR2 to trigger proinflammatory 

signaling could be interrelated as they both favor latency. However, it is not plausible from our 

data that both the processes are interdependent although this possibility cannot be negated. 

Nonetheless, in the event of DATIN limiting its own translation by ribosome binding, as 

previously suggested [19], reduced DATIN availability might affect proinflammatory activity 

needed to maintain granuloma. But, the granuloma microenvironment (cytokine mediated 

oxidative stress) could again serve as a trigger for DosR and DATIN expression; given this, the 

existence of a finely negotiated homeostasis of DATIN expression and function at the level of 

granuloma cannot be ruled out. Further the exact mode of secretion of DATIN and its 

presentation to TLR2 would remain matter of future research although its presence in 

mycobacterial culture supernatants hints at its being in the extracellular compartment (11). 

Finally, we believe that our study provides a much needed snapshot of dos regulon protein 

functions with DATIN being an interesting candidate at the cross roads of two different latency 

functions. We believe that the combination of computational, cell culture based and recombinant 

BCG based approaches was the uniqueness of the study. In view of the predicted interaction 

model, experiments carried out using recombinant DATIN and the corroboration of DATIN 

functions using the BCG environment made the study further interesting. Future discovery and 

vaccine development efforts would likely benefit from this knowhow.  
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