
1CSIR-Institute of Genomics and Integrative Biology, Mall Road, Delhi-110007 (India)
2Academy of Scientific and Innovative Research (AcSIR), CSIR-HRDC, Ghaziabad, Uttar    Pradesh- 201 002, India
3CSIR- Central Drug Research Institute, Lucknow India 

Preeti Agarwal1,2, Laxman S. Meena1,2,3*

*Corresponding author: Laxman S. Meena, Academy of Scientific & Innovative Research CSIR-Institute of Genomics and Integrative Biology 
Mall Road, Delhi-110007 India.

Can Genetically Engineered Tuberculosis Cell of Kill its Own Kind?

Submitted: 25 Jan 2023	 Accepted: 31 Jan 2023 	 Published:  06 Feb  2023

Citation: Preeti Agarwal, Laxman S. Meena1(2023). Can genetically engineered Mycobacterium cell kill its own kind?, J Infec 
Dise and Vir Res 2(1),01-03.

Research Article

J Infec Dise and Vir Res 2023www.mkscienceset.comPage No: 01

Journal of Infectious Diseases and Viruses Research

Keywords: Mycobacteria , Tuberculosis, Tuberculosis

Background 
Tuberculosis (TB), a contagious disease, is the tenth major cause 
of death worldwide according to world health organization and 
over 10 million people had been reported with TB, and 1.6 mil-
lion people had died from TB in 2017 [1]. TB is caused by gram 
positive bacteria, Mycobacterium tuberculosis that primarily 
affects the lungs.  Healthy individuals get infected with TB if 
they inhale aerosols sneezed, spit or coughed by an infected TB 
patient. On invasion, this bacterium is phagocytosed by alveo-
lar macrophages, where they reside without being affected by 
host immune responses and cause pathogenesis [2]. M. tuber-
culosis is able to establish an asymptomatic latent infection that 
can later reactivate to cause active diseases [3-5]. Despite, many 
worldwide uses of vaccine, antibiotics and ongoing immense re-
searches, still it is a major enigma for clinicians and researchers 
to combat this disease. Additionally, foremost concern is with 
poor management, illiteracy, incorrect diagnosis and poor treat-
ment leading to development of multidrug resistant TB (MDR-
TB), extensively drug resistant TB (XDR-TB) and totally drug 
resistant TB (TDR-TB).  

With the advancement in medical sciences and therapeutics, dif-
ferent modes of drug delivery has been discovered, still, to defeat 
the challenges posed by antituberculosis drugs, there is a need to 
envision new ways to treat this disease. Genetic engineering in 
phages has successfully treated patients with multi antibiotic re-
sistant pathogen [6]. Another excellent ongoing example of can-
cer cells where engineered cancer cells made through CRISPR 
technique can fight their own tumor cells [7]. In this paper we 
have discussed ways of cell-cell communication in mycobacte-
ria and put forth an idea of how this information can be applied 
to kill cells of own kind using genetic engineering.

Cell-Cell interactions in Mycobacteria
Mostly mycobacteria multiply through binary fission, although 
some may show sporulation too when exposed to stresses such 
as starvation and oxygen deficit [8].  Like in case of M. Marinum 
and M. bovis BCG, sporulation occurs in late stationary phase 
[9]. Sporulation capability in M. tuberculosis is still not known. 

Asexual reproduction in bacteria will not give any survival ad-
vantage in the course of evolution as it delivers no variations. 
Horizontal gene transfer and cell to cell fusion limits the state 
of inbreeding by exchanging the genetic material between the 
bacterial cells.  

a) Conjugation Based Interaction
Horizontal gene transfer (HGT) is the process through which 
more extensive segments of DNA are transferred between spe-
cies and even kingdom [10-13]. HGT is mediated through three 
fundamental processes: conjugation, transformation and trans-
duction [14]. Conjugation is considered as the major contribu-
tor of HGT to create variation and drives evolution. It transfers 
DNA unidirectionally from donor cells to recipient cells via di-
rect cell to cell contact or through bridge like connection called 
pilus. Pilus is particularly associated with the donor cell which 
carries plasmid.  Traditionally conjugal processes are plasmid 
encoded or encoded by discrete genetic elements integrated 
into the chromosome. Plasmid carries a unique origin of trans-
fer (oriT) which guides the DNA into the recipient cell [15]. 
When oriT recombined into the chromosome (Hfr strain), it can 
mediate transfer of chromosomal DNA.  Mycobacteria shows 
distributive conjugal transfer (DCT) which is chromosomal and 
not plasmid based and genetic elements responsible for transfer 
have yet to be identified [16-18]. Like conjugation in Escherich-
ia coli, DNA transfer in Mycobacterium smegmatis displays all 
of the criteria of conjugation as it requires stable and extended 
contact between a donor and a recipient strain, is DNA resis-
tant and transferred DNA into the recipient incorporate into the 
chromosome through homologous recombination [19]. Myco-
bacteria displays no initiation site like OriT in E. coli, all regions 
of the chromosome are transferred with equivalent efficiencies 
[20,21]. Equivalent transfer of kanamycin- resistant markers re-
gardless of its chromosomal location depicts multiple initiation 
sites within the chromosome [22]. This distributive mechanism 
of conjugation in mycobacteria creates genome wide mosaicism 
in a single event where donor DNA segments range from 0.05 
kb to ~250 kb. From the genome sequence analysis, it was pos-
tulated that randomly donor chromosomal DNA are generated, 
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out of which some are co-transferred into the recipient strain 
and replace recipient chromosomes through homologous recom-
binations that generates large scale transconjugants diversity as 
seen in meiotic products of sexual reproduction [16].  Based on 
sequence comparisons, M. canettii and smooth-colony Myco-
bacterium tuberculosis complex (MTBC) strains showed HGT 
and genome wide mosaicism and it was proposed that MTBC 
progenitor species, M. protuberculosis underwent HGT and give 
rise to M. canettii and rough colonies of M. tuberculosis [23-26].  
Through genome sequencing comparison it has been known 
that some form of genetic exchange has occurred between M. 
tuberculosis and M. canettii [27].  Transposon mutagenesis has 
shown that ESX-1 is the key component for the conjugation in 
mycobacteria. During DCT kanamycin resistance gene and esx1 
locus segregates [17]. 

b) Plasmid Encoded ESX System Based Interaction
There is dichotomy regarding the presence of plasmid in M. tu-
berculosis. Some reports have cited presence of plasmid in as-
sociation to antibiotic resistance phenomenon but there are no 
clear evidences for the same and assumed that only mutations 
will be the cause of variations in clonally expanded TB cells 
[28, 29]. Recently, existence of plasmid encoded ESX system 
has been reported in addition to chromosomal based ESX loci in 
many mycobacterium species namely, M. kansasii, M. absces-
sus, M. chubuense, M. gilvum, M. marinum, M. smegmatis, M. 
yongonense [27]. For M. marinum it is reported that plasmid 
encoding elements (type VII and IV) and relaxase are responsi-
ble for conjugation event [30]. From the phylogeny and synteny 
data evidences it is envisioned that plasmid-encoded ESX sys-
tem is substantially contributing to ESX diversification and is 
the driving force to mycobacterial pathogenesis evolution lead-
ing to adaption in host environment.

c) Cell fusion-based Interaction
Cell to cell fusion is another way through which variations oc-
cur in bacterial genome. As in case of E. coli not only classical 
conjugation occurs for the exchange of material but there are 
evidences of spontaneous zygogenesis leading to diploidy in E. 
coli cells resulting through a mechanism of cell fusion, or, at-
least, close contact between parental cells at the cytoplasmic lev-
el [31]. Z-mating appears to be a form of true sexuality in pro-
karyotes. Bacterial dynamin like proteins disclose mechanism of 
membrane fusion [32]. Mitochondria which are the descendants 
of bacteria acquired by eukaryotic cells through symbiotic rela-
tionship also show fusion mechanism. In response to metabolic 
or environmental stresses, fusion and fission occur to maintain 
functional mitochondria [33]. Key proteins requisite for mito-
chondrial fusion are mitofusins (Mfn1, Mfn2), OPA1 (optic At-
rophy protein1) and large GTPases belonging to dynamin family 
of proteins. Within the eukaryotic cell one more example is of 
Chlamydia trachomatis bacterium which can propagate only in 
human cells and causes fusion of its inclusion bodies to increase 
its pathogenecity.  Homotypic fusion of the inclusions is mediat-
ed by IncA proteins and it is consistent with the fact that dissimi-
lar IncA proteins do not fuse [34].  Similar research is also going 
on mycobacteria, where membrane fusion is key to tuberculosis.

SIGNIFICANCE
From the gathered information it is manifested that some my-
cobacterial species do have plasmids and have an evidence of 
a unique distributive conjugal transfer mechanism for the ex-
change of material. Also, some bacterial species can show cell 
fusion mechanism but particularly to M. tuberculosis there are 
no clear evidences. 

If we come to know about any mechanism by which M. tuber-
culosis can exchange their genetic material (say by fusion or by 
conjugation) then we can exploit this property to deliver a drug, 
a protein or any killing switch in form of plasmid in a tubercu-
losis cell making it an engineered TB cell. Promoter of which 
will activate only after entering into macrophage and the killing 
genes attached downstream to promoter will transcribe in engi-
neered TB cell and enter into other persisting TB cells, causing 
death of TB cells without harming normal cells. Also, if TB cells 
show any re-homing property, characteristic feature of cancer 
cells [35, 36], then this engineered TB cell can be used to cure 
pulmonary as well as extra-pulmonary tuberculosis.

Acknowledgement
The authors acknowledge financial support from the Department 
of Science and Technology-SERB, Council of Scientific and In-
dustrial Research-Institute of Genomics and Integrative Biology. 

Conflict of Interest
There is no conflict of interest.

References
1.	 World Health Organization (2018) Global Tuberculosis Re-

port.
2.	 Flynn, JoAnne L, John Chan (2001) Immunology of tuber-

culosis. Annual review of immunology 19: 93-129.
3.	 Clifton E Barry 3rd, Helena I Boshoff, Véronique Dartois, 

Thomas Dick, Sabine Ehrt, et al. (2009) The spectrum of 
latent tuberculosis: rethinking the biology and intervention 
strategies. Nature Reviews Microbiology 12: 845.

4.	 Chan John, JoAnne Flynn (2004) The immunological as-
pects of latency in tuberculosis. Clinical immunology 110: 
2-12.

5.	 Gomez James E, John D McKinney (2004) M. tuberculosis 
persistence, latency, and drug tolerance. Tuberculosis 84: 
29-44.

6.	 Diana P Pires, Sara Cleto, Sanna Sillankorva, Joana Azere-
do, Timothy K Lu (2016) Genetically engineered phages: 
a review of advances over the last decade. Microbiol. Mol. 
Biol. Rev 80: 523-543. 

7.	 Gura, Trisha (1997) How TRAIL kills cancer cells, but not 
normal cells. Science 277.5327: 768-768.

8.	 Bhupender Singh, Jaydip Ghosh, Nurul M Islam, Santanu 
Dasgupta, Leif A Kirsebom (2010) Growth, cell division 
and sporulation in mycobacteria. Antonie Van Leeuwen-
hoek 2: 165-177. 

9.	 Jaydip Ghosh , Pontus Larsson, Bhupender Singh, BM 
Fredrik Pettersson, Nurul M Islam et al. (2009) Sporulation 
in mycobacteria. Proceedings of the National Academy of 
Sciences 26: 10781-10786.

10.	 Buchanan Wollaston, Vicky, Joan E Passiatore, Frank Can-



www.mkscienceset.comPage No: 03 J Infec Dise and Vir Res 2023

non (1987) The mob and Orit mobilization functions of a 
bacterial plasmid promote its transfer to plants. Nature 
6126: 172.

11.	 Laura S Frost , Raphael Leplae, Anne O Summers, Ari-
ane Toussaint (2005) Mobile genetic elements: the agents 
of open source evolution. Nature Reviews Microbiology 9 
:722.

12.	 Heinemann, Jack A, George F Sprague Jr (1989) Bacterial 
conjugative plasmids mobilize DNA transfer between bac-
teria and yeast. Nature 6230: 205.

13.	 Thomas, Christopher M, Kaare M Nielsen. (2005) Mecha-
nisms of, and barriers to, horizontal gene transfer between 
bacteria. Nature reviews microbiology 9: 711. 

14.	 Miller, Robert V (1998) Bacterial gene swapping in nature. 
Scientific American 1: 66-71.

15.	 Wollman EL, Francois Jacob, William Hayes (1956) Conju-
gation and genetic recombination in Escherichia coli K-12. 
Cold Spring Harbor symposia on quantitative biology. Vol. 
21. Cold Spring Harbor Laboratory Press.

16.	 Todd A Gray, Janet A Krywy, Jessica Harold, Michael J 
Palumbo, Keith M Derbyshire (2013) Distributive conju-
gal transfer in mycobacteria generates progeny with mei-
otic-like genome-wide mosaicism, allowing mapping of a 
mating identity locus. PLoS biology 7: e1001602.    

17.	 Abbie Coros, Brian Callahan, Eric Battaglioli, Keith M Der-
byshire (2008) The specialized secretory apparatus ESX-1 
is essential for DNA transfer in Mycobacterium smegmatis. 
Molecular microbiology 4: 794-808.

18.	 Jessica L Flint, Joseph C Kowalski, Pavan K Karnati, Keith 
M Derbyshire (2004) The RD1 virulence locus of Mycobac-
terium tuberculosis regulates DNA transfer in Mycobacte-
rium smegmatis. Proceedings of the National Academy of 
Sciences 34: 12598-12603.

19.	 Parsons, Linda M, Craig S Jankowski, and Keith M. Der-
byshire (1998) Conjugal transfer of chromosomal DNA 
in Mycobacterium smegmatis. Molecular microbiology 3: 
571-582.

20.	 Smith, Gerald R (1991) Conjugational recombination in E. 
coli: myths and mechanisms. Cell 1: 19-27.

21.	 Wang, Jun, Linda M Parsons, and Keith M Derbyshire 
(2003) Unconventional conjugal DNA transfer in mycobac-
teria. nature genetics 1: 80.  

22.	 Jun Wang, Pavan K Karnati, Carter M Takacs, Joseph C 
Kowalski, Keith M Derbyshire. (2005) Chromosomal DNA 
transfer in Mycobacterium smegmatis is mechanistically 
different from classical Hfr chromosomal DNA transfer. 
Molecular microbiology 1: 280-288.

23.	 M Cristina Gutierrez, Sylvain Brisse, Roland Brosch, Mi-

chel Fabre, Bahia Omaïs, et al (2005) Ancient origin and 
gene mosaicism of the progenitor of Mycobacterium tuber-
culosis. PLoS pathogens 1: e5.

24.	 Philip Supply, Michael Marceau, Sophie Mangenot, David 
Roche, Carine Rouanet, et al. (2013) Genomic analysis of 
smooth tubercle bacilli provides insights into ancestry and 
pathoadaptation of Mycobacterium tuberculosis. Nature ge-
netics2: 172.

25.	 Stephen V Gordon, Daria Bottai, Roxane Simeone, Timo-
thy P Stinear, Roland Brosch. (2009) Pathogenicity in the 
tubercle bacillus: molecular and evolutionary determinants. 
Bioessays4: 378-388.

26.	 Noel H Smith, R Glyn Hewinson, Kristin Kremer, Roland 
Brosch, Stephen V Gordon. (2009) Myths and misconcep-
tions: the origin and evolution of Mycobacterium tuberculo-
sis. Nature Reviews Microbiology 7: 537.

27.	 Emilie Dumas, Eva Christina Boritsch, Mathias Vanden-
bogaert, Ricardo C. Rodríguez de la Vega, Jean-Michel 
Thiberge, et al (2016) Mycobacterial pan-genome analysis 
suggests important role of plasmids in the radiation of type 
VII secretion systems. Genome biology and evolution 2: 
387-402. 

28.	 Alberghina M, G Nicoletti, A Torrisi (1973) Genetic deter-
minants of aminoglycoside resistance in strains of Myco-
bacterium tuberculosis. Chemotherapy 3: 148-160.

29.	 Crawford JT, JH Bates (1979) Isolation of plasmids from 
mycobacteria. Infection and immunity 3: 979-981.

30.	 Roy Ummels, Abdallah M. Abdallah, Vincent Kuiper, 
Anouar Aâjoud, Marion Sparrius, et al (2014) Identification 
of a novel conjugative plasmid in mycobacteria that requires 
both type IV and type VII secretion. MBio 5: e01744-14.

31.	 Gratia, Jean-Pierre, Marc Thiry (2003) Spontaneous zygo-
genesis in Escherichia coli, a form of true sexuality in pro-
karyotes Microbiology 9: 2571-2584.

32.	  Marc Bramkamp (2018) Bacterial dynamin-like proteins 
reveal mechanism for membrane fusion.  Nature communi-
cations 1: 3993  

33.	 Chan David C (2006) Mitochondrial fusion and fission in 
mammals. Annu. Rev. Cell Dev. Biol 22: 79-99.

34.	 Mary M Weber, Nicholas F Noriea, Laura D Bauler, Jen-
nifer L Lam, Janet Sager, et al (2016) A functional core of 
IncA is required for Chlamydia trachomatis inclusion fu-
sion.  Journal of bacteriology 8: 1347-1355.   

35.	 Anjali Mishra, Yusuke Shiozawa, Kenneth J Pienta, Rus-
sell S Taichman (2011) Homing of cancer cells to the bone. 
Cancer Microenvironment 3: 221-235. 

36.	 Meena LS, Rajni (2010) Survival mechanisms of pathogen-
ic Mycobacterium tuberculosis H37Rv. FEBS J 277 (11): 

Copyright: ©2023 Jose Luis Turabian. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


