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The role of transcriptional regulation in mycobacterium physiology
Introduction

Mycobacterium tuberculosis (Mtb) is an intracellular pathogenic bacterium that can

cause a spectrum of clinical outcomes, ranging from a highly contagious and potentially

lethal tuberculosis (TB) to asymptomatic latent infection (LTBI) in humans and animals

(Klever et al., 2023). In addition, the asymptomatic LTBI cases can reactive to symptomatic

TB upon immune-suppressing host conditions. Thus, the morbidity and mortality due to

TB with or without co-morbid conditions are significant health issues worldwide. Upon

infection with Mtb, the host cells produce several cytokines and chemokines that facilitates

the recruitment and activation of immune cells from the blood to the site of infection,

resulting in the formation of granuloma. These highly cellular structures can undergo

“maturation” with time to form necrotic centers that further can develop into cavities

(Ashenafi and Brighenti, 2022). To survive within the necrotic granuloma, the infecting

Mtb must adapt to the hostile microenvironment, which is characterized by hypoxia and

nutrient scarcity (Orgeur et al., 2024). Although the current antibiotic regimen, comprised

of rifampicin (RIF), isoniazid (INH), pyrazinamide (PZA) and ethambutol (ETH) has been

widely successful in curing active TB, the treatment outcome may be worsened by the

presence of drug resistant (DR) strains of Mtb. The appearance of multi-drug resistant

(MDR) and extremely drug-resistant (XDR) Mtb strains can reduce the treatment success

in TB and contribute to the transmission of MDR and XDR TB cases, which are extremely

difficult to cure (Gupta et al., 2024; Jones et al., 2024).

One of the difficulties associated with the eradication of TB through antibiotic

treatment is the ability of Mtb to persist in a dormant state within the infected host and

maintain viability in the absence of replication. The adaptation of microbial pathogens to

the host environment requires integration of a myriad of signaling pathways as well as tight

control of both function and dynamics of regulatory networks. Mtb has about 200

transcriptional regulatory proteins, which play key roles in the persistence, drug

resistance, pathogenesis, amino acids biosynthesis of the bacteria. The concerted effect of
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these functions is essential for the successful survival of Mtb in the

changing host environment (Orgeur et al., 2024). Therefore,

deciphering the regulatory mechanism of Mtb to adapt to the

host environment using various analytical methods, including

transcriptomics, proteomics and metabolomics under different

growth environments of the bacteria, is vital to gain knowledge

on our understanding of TB pathogenesis.

The Research Topic entitled “The Role of Transcriptional

Regulation in Mycobacterium Physiology” presents a series of articles

that highlight the advanced studies for regulation in Mycobacterium.

The Research Topic is comprised of four peer-reviewed manuscripts in

the fields of molecular biology, microbiology and bioinformatics related

to mycobacterial physiology and pathogenesis. This Research Topic is

focused on deciphering the mechanism of regulation and host-

pathogen interactions of mycobacteria, which would help in the

discovery of potential and novel drug targets and the development of

new anti-TB drugs.

In the original research article of Cui et al., the authors presented

data from experiments that decipher the novel regulatory function

of DosR (dormancy survival regulator; Rv3133c), which is one of

the key transcriptional proteins regulating bacterial dormancy and

participating in various metabolic processes (Liu et al., 2024). This

combined omics analysis finds that deleting DosR significantly

affects the transcriptional levels of 104 genes and 179 proteins in

M. bovis BCG, an attenuated strain of the virulent pathogen

M. bovis. Targeted metabolomics data for amino acids indicate

that DosR knockout strain significantly upregulates L-Aspartic acid

and L-Serine synthesis, while downregulating seven other amino

acids, including L-Histidine and L-Lysine. Additionally, compared

to the wild-type (WT) strain, the DosR-knockout strain produced a

higher level of reactive oxygen species (ROS), and a significant

increase in DNA damage. These observations indicate the role of

DosR on the antimicrobial responses of mycobacteria. Furthermore,

the electrophoretic mobility shift assay (EMSA) demonstrated that

DosR may regulate many targeted genes that have not been

explored previously. In summary, this study further expands the

regulatory role of DosR on bacterial adaptation to stress conditions

and indicate that DosR may be a potential candidate target for TB

drug development.

In addition to Mtb, other pathogenic and non-pathogenic

mycobacterial species have been reported to adapt effectively

through two-component (TC) signal transduction systems to

survive in various environmental growth niches (Stupar et al.,

2022). The article by Płocinska et al. describes the role of a novel

TC system, comprised of a sensor kinase, N,N-dimethyl-p-

nitrosoaniline (NDMA)-dependent methanol dehydrogenase

(Mno)-S and a response regulator, MnoR, on the regulation of

methylotrophic and other metabolic processes in M. smegmatis.

Using deletion mutants and complementing strains of the MnoSR

operon system, the authors performed RNA-seq-based genomewide

transcriptome analysis of M. smegmatis under different nutritional

conditions. Results from further molecular analysis indicate that

MnoSR play an important role in the adaptation ofM. smegmatis to

use alcohols, including 1,3-propanediol and ethanol and glucose as

carbon sources. In summary, this study highlights the MnoSR
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system’s vital role on the metabolic adaptability of mycobacteria

to survive in different nutritional conditions.

During pulmonary infection, pathogenic mycobacteria are

primarily engulfed by the alveolar macrophages; however, the

molecular responses of these infected host cells are not fully

understood (Ghoshal et al., 2024). In the article by Cai et al., a

comparative proteomic analysis of bovine alveolar macrophages

(BAMs) conducted after infection Mtb or Mycobacterium bovis

(Mbo) to elucidate the differential responses of BAMs to these

pathogens. Results from this study show that BAMs may resist Mtb

and Mbo by different mechanisms. Thus, Mtb and Mbo infection

triggered divergent but significant changes in the energy

metabolism of infected BAMs. Similarly, several proteins and

signaling pathways associated with autophagy and inflammation

were upregulated in Mbo-infected BAMs, compared to Mtb

infection. Overall, this study provides critical insights into the

response of BAMs to Mtb and Mbo infections, unveiling potential

targets to facilitate more effective treatment strategies.

Recent clinical studies indicate that non-tuberculous

mycobacteria (NTM) can cause significant morbidity, particularly

in immunocompromised individuals (Gopalaswamy et al., 2020).

Similar to Mtb, NTM species such as Mycobacterium abscessus

(Mab) can infect and survive within macrophages, by resisting the

antimicrobial effects of these host cells (Gopalaswamy et al., 2020;

Gopalaswamy et al., 2021). However, the intracellular adaptation

mechanisms utilized by NTM species are not fully understood. The

research article by Simcox et al. investigates the role of nnaR

(nitrate/nitrite assimilation regulator), an orphan response

regulator, on the adaptation of Mab to assimilate nitrate and

nitrite. The authors determined the domain structure and

sequence alignment of NnaR using bioinformatics analysis

and explored the genomic and transcriptional organization of

Mab NnaR regulon. Using nnaR knockout (MabDnnaR) and

complementing (MabDnnaR+C) strains of Mab, the authors tested

the role of NnaR in nitrate and nitrite utilization by Mab. Results

show that nnaR regulates the narK3-nirBD-nnaR-sirB operon and

nasN, all of which are crucial for nitrogen metabolism in Mab, and

the MabDnnaRstrain was unable to positively regulate these nitrogen

utilization genes, and to grow in nitrate-containing growth

medium. Thus, the authors have established that NnaR is

required for nitrogen metabolism in Mab. This study highlights

one of the survival mechanisms used by Mab to persist in the host.

Future studies on the exploration of signaling pathways that

regulate NnaR activation would aid in a better understanding of

Mab persistence in various host immune cells and help to identify

therapeutic targets to control Mab infections.

In summary, this Research Topic includes articles on the

molecular determinants of mycobacterial adaptation strategies to

survive under various selection pressure, and the host cell responses

to infection by mycobacteria. The findings presented in these articles

advance our knowledge on the pathogenesis of mycobacterial

infections. In addition, the molecules and/or pathways reported in

these studies may be extrapolated to understand the pathogenesis of

other infectious agents. Together, these discoveries would provide the

knowledge and platform for devising better and efficient intervention
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measures, such as host-directed therapies for TB and other infectious

diseases (Kolloli and Subbian, 2017).
Author contributions

SL: Writing – original draft, Writing – review & editing. NS:

Writing – original draft, Writing – review & editing. SS: Writing –

original draft, Writing – review & editing.
Acknowledgments

The editors would like to express gratitude to all the reviewers

and authors of the manuscripts submitted to this Research Topic.
Frontiers in Cellular and Infection Microbiology 03
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Ashenafi, S., and Brighenti, S. (2022). Reinventing the human tuberculosis (TB)
granuloma: Learning from the cancer field. Front. Immunol. 13, 1059725. doi: 10.3389/
fimmu.2022.1059725

Ghoshal, A., Verma, A., Bhaskar, A., and Dwivedi, V. P. (2024). The uncharted
territory of host-pathogen interaction in tuberculosis. Front. Immunol. 15, 1339467.
doi: 10.3389/fimmu.2024.1339467

Gopalaswamy, R., Shanmugam, S., Mondal, R., and Subbian, S. (2020). Of
tuberculosis and non-tuberculous mycobacterial infections - a comparative analysis
of epidemiology, diagnosis and treatment. J. BioMed. Sci. 27, 74. doi: 10.1186/s12929-
020-00667-6

Gopalaswamy, R., Subbian, S., Shanmugam, S., Mondal, R., and Padmapriyadarsini,
C. (2021). Recent developments in the diagnosis and treatment of extrapulmonary non-
tuberculous mycobacterial diseases. Int. J. Tuberc Lung Dis. 25, 340–349. doi: 10.5588/
ijtld.21.0002

Gupta, D.D., Keny, S. J., and Kakodkar, U. C. (2024). Study of adverse drug reactions
during the treatment of drug resistant tuberculosis. Indian J. Tuberc 71 Suppl 1, S136–S140.
doi: 10.1016/j.ijtb.2024.03.002
Jones, N. T., Abadie, R., Keller, C. L., Jones, K., Ledet Iii, L. F., Fox, J. E., et al. (2024).
Treatment and toxicity considerations in tuberculosis: A narrative review. Cureus 16,
e62698. doi: 10.7759/cureus.62698

Klever, A. M., Alexander, K. A., Almeida, D., Anderson, M. Z., Ball, R. L., Beamer, G.,
et al. (2023). The Many Hosts of Mycobacteria 9 (MHM9): A conference report.
Tuberculosis (Edinb) 142, 102377. doi: 10.1016/j.tube.2023.102377

Kolloli, A., and Subbian, S. (2017). Host-directed therapeutic strategies for
tuberculosis. Front. Med. (Lausanne) 4, 171. doi: 10.3389/fmed.2017.00171

Liu, Y., Li, H., Dai, D., He, J., and Liang, Z. (2024). Gene regulatory mechanism of
mycobacterium tuberculosis during dormancy. Curr. Issues Mol. Biol. 46, 5825–5844.
doi: 10.3390/cimb46060348

Orgeur, M., Sous, C., Madacki, J., and Brosch, R. (2024). Evolution and emergence of
Mycobacterium tuberculosis. FEMS Microbiol. Rev. 48. doi: 10.1093/femsre/fuae006

Stupar, M., Furness, J., De Voss, C. J., Tan, L., and West, N. P. (2022). Two-
component sensor histidine kinases of Mycobacterium tuberculosis: Beacons for niche
navigation. Mol. Microbiol. 117, 973–985. doi: 10.1111/mmi.14899
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1059725
https://doi.org/10.3389/fimmu.2022.1059725
https://doi.org/10.3389/fimmu.2024.1339467
https://doi.org/10.1186/s12929-020-00667-6
https://doi.org/10.1186/s12929-020-00667-6
https://doi.org/10.5588/ijtld.21.0002
https://doi.org/10.5588/ijtld.21.0002
https://doi.org/10.1016/j.ijtb.2024.03.002
https://doi.org/10.7759/cureus.62698
https://doi.org/10.1016/j.tube.2023.102377
https://doi.org/10.3389/fmed.2017.00171
https://doi.org/10.3390/cimb46060348
https://doi.org/10.1093/femsre/fuae006
https://doi.org/10.1111/mmi.14899
https://doi.org/10.3389/fcimb.2024.1483263
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Editorial: The role of transcriptional regulation in mycobacterium physiology
	Introduction
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


