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Abstract Author

Mycobacterium tuberculosis, which Diwakar Kumar Singh
causes TB, is a serious global health problem.Department of Biotechnology
Protein kinases are essential for controlling The NeotiaUniversity
many cellular functions, including the Kolkata, West Bengal, India.
induction of immune response to pathogens.

Now a day TB strains that are getting more
and more drug resistant is a significant public
health concern. The physiological function of
the kinases may help to comprehend the
signalling networks underlying the TB
infection. Finding novel pharmacological
targets that are crucial for the in vivo bacterial
survival and persistence is essential for
treating TB successfully. In M. tuberculosis,
phosphorylation-based signalling cascades
that are controlled by serine/threonine protein
kinases and phosphatases that are similar to
those found in eukaryotes translate
extracellular cues into cellular responses that
lead to the pathogen's proliferation,
persistence, and disease. The M. tuberculosis
genome encodes two-component systems, 11
Serine Threonine Protein Kinases (STPKs), 1
Ser/Thr phosphatase, 1 Tyrosine Kinase, and
2 Tyrosine Phosphates regulate the signalling
pathways in MTB. By examining these
molecules’ potential as targets for therapeutic
intervention and the management of diseases,
these studies will close a knowledge gap.
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. INTRODUCTION

The main processes by which signals are convartectellular responses are protein
phosphorylation and dephosphorylation. Post traéiosial modification is a known method
used by mycobacteria to convert extracellular dgynato different biological activities[1].
As kinase regulation is commonly linked to illnesisug development programmes have
suggested kinases as targets to modify and regutatéular processes[2]. The
Serine/threonine protein kinases and two-composgstems are both used by mycobacteria
for signal transduction. Sequence investigatiothefM. tuberculosis genome identified 11
two-component systems and 11 serine/threonine iprédeases that are similar to those
found in eukaryotes[1; 3; 4]. Therefore, in conttasother bacterial species with comparable
genome sizes, mycobacterial genomes include aruatysarge number of serine/threonine
protein kinases and a comparatively low number @fo-tomponent systems.
Serine/threonine kinases range in number from fouMycobacterium leprae to 24 in
Mycobacterium marinum, it should be emphasised.

Intriguingly, M. leprae differs fromM. tuberculosis in that it has a lower G+C content
and a 26% smaller genome[3]. In addition, compdeetl. tuberculosis, which has more
than 90% protein-coding genes, only around 50%hef genome's sequences code for
proteins; the other sequences are either regulatoryover pseudogenes. The significant
gene degradation iM. leprae shows that only a small subset of the pathogemnreiaited
genes was maintained by this mycobacterial spegigsa result, the four serine/threonine
kinase genes that are still found in its genome canmesidered to be essential and likely
perform critical physiological roles[3].

Nine of the 11 kinases found in thd. tuberculosis genome are conventional
receptor-like kinases with a transmembrane domalrereas two of these kinases, protein
kinase G and protein kinase K, are projected toybesolic[3]. The receptor kinases may be
divided into the three groups viz,PknA/PknB/PknLrd@1), PknD/PknE/PknH (Group2),
and PknF/Pknl/PknJ (Group3) based on how simikar timino acid sequences are as shown
in figure 1[1; 5]. All mycobacterial serine/threoei kinases are members of the Protein
Kinase N2 family, which is most closely relatedetgkaryotic serine/threonine kinases[3; 6].
They all include eleven conserved domains thatratieative of Hanks-type kinases[7; 8].
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PknA is identified as Rv0015c having gene length 1296 bp. The protein Mollecular mass 45597 Da (431 AA)
PknB is identified as Rv0014c having gene length 1281 bp. The protein Mollecular mass 66509.8 Da (626 AA)
PknD is identified as Rv0931c having gene length 1995 bp. The protein Mollecular mass 69513.2 Da (664 AA)
PknE is identified as Rv1743 having gene length 1701 bp. The protein Mollecular mass 60512.2 Da (566 AA)
PknF is identified as Rv746 having gene length 1431 bp. The protein Mollecular mass 50668.1 Da (476 AA)
PknG is identified as Rv0410c having gene length 2253 bp. The protein Mollecular mass 81577.4 Da (750 AA)
Pknl is identified as Rv2914c having gene length 1758 bp. The protein Mollecular mass 61804.8 Da (585 AA)
PknJ is identified as Rv2088 having gene length 1770 bp. The protein Mollecular mass 61563.3 Da (589 AA)
PknK is identified as Rv3080c having gene length 3333 bp. The protein Mollecular mass 119418.0 Da (1110 AA)

Figure 1: The eleven Ser/Thr protein kinases of MTB are dididhto three groups
(Gr1, Gr2&Gr3) the kinase and transmembrane domaiesdesignated differently as seen
above. The auto phosphorylation is necessary feir tactivation before the subsequent
phosphorylation process in intracellular kinasdse §ene and protein characteristics of the
eukaryotic Ser/Thr kinase are described above.

There are two types of mycobacteria: pathogeMigcgbacterium tuberculosis H37v,
Mycobacterium bovis), with a generation period of 18-24 hours, and -pathogenic
(Mycobacterium smegmatis (MS)), with a creation time of 3—4 hours.The pagaicity of
MTB was widely dispersed in many animals with sal/¢ypes of MTB strains, of which
BCG is one and is usually employed as a vaccindhumans[9]. Mycobacteria's non-
pathogenic strain is commonly used as a modelnsinastudies on TB. Compared to MTB,
the MS genome is more complicated. Except fewsatine/threonine kinases are lacking
from the MS strain but present in the MTB. The Md&upies the lung tissue as a potential
location for infection in humans because it requi@a aerobic environment for development
and reproduction. By increasing the amplificatidnnomunological cascades inside the cell,
the host cell stimulated phagosome maturationHerkilling and removal of such pathogens
as in Fig. 2[7].
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Figure 2: Maturation of phagosome containing MTB.

Sphingosine kinase and/or phospholipase C (PLE)aativated by receptors that
interact with the bacterium or chemicals on itSfaue, increasing the quantity of cytosolic
free calcium ions (Ca2+). Early phagosomes arg@tdeahen nascent phagosomes fuse with
early endosomes, while phagolysosomes are createt fate endosomes and lysosomes
combine. Elevated Ca2+ is assumed to be neededhéordast stage. The bacteria are
eliminated by lysosomal enzymes in the phagolys@$ém

II. FUNCTIONAL IMPORTANCE OF SER/THR PROTEIN KINASES:

All species of mycobacteria have PknA, PknB, Pka&l PknL, indicating that these
kinases play significant roles in regulating fundetal elements of mycobacterial
physiology, however PknA and PknB are essentialM@B[10]. The other STPKs most
likely play more specialised regulatory roles irestion.PknD has been associated with
central nervous system tuberculosis and plays rifsignt role in phosphate transport in
MTB. A pknD deletion strain was shown to be incdpatf invading the central nervous
system during a screen for genes necessaryMfotuberculosis infection[11]. PknG, a
virulence factor, inhibited phagosome-lysosomedndby controlling host signalling after
being released into the phagosome of macrophade${k@J is important in controlling the
growth and survival of mycobacteria[13]. Furthersofhe PknG, PknA and PknB is most
important serine threonine protein kinase which banused as a key molecule to control
MTB infection.

The PknB is an essential gene of mycobacteriunesearcher screened the inhibitors
for binding with PknB and induction of toxicity iight the cell viz, MRT67127, MRT67153,
MRT68667, MRT68606 etc. Similarly, triazolylmethahalcones, flavanones and 2-
aminopyrimidines as inhibitors of mycobacterial FASnd PknG[14; 15]. We can also
approach by receptor tyrosine kinase inhibitore@s-directed antimicrobials which may be
effective for mycobacterium elimination[16]. Therdgine kinase inhibitor dasatinib
reducesthe growth of intracellularMycobacteriumetdolosis. Therefore, one major host
defence mechanism of macrophages againstMTBis digifieation of lysosomes in which
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the mycobacte-ria reside. The tyrosine kinase edgslithe acidification process insight the
cell and the investigation was demonstrated usiegyrosine kinase inhibitors viz, imatinib,
nilotinib anddasatinib[17].

1. CONCLUSION

We are focused on the MTB Ser/Thr protein kinasethis article. The roles of
protein phosphorylation and de-phosphorylationghsthe cell to control the mycobacterial
cell envelope, metabolic activity, and pathogerativily of MTB are thoroughly outlined.
The novel findings addressing the activation andtrob of M. tuberculosis kinases and
phosphatases are among the prospective methodsddeeloping disease-controlling
medications. In the therapy of the iliness, kinaggbitors are crucial for the activity and
control of MTB infection. The researcher is aimbogdiscriminate between host and parasite
kinase for the prospective treatment in order tecHjally create medications and cure
illness.

REFERENCE

[1] Y. Av-Gay, and M. Everett, The eukaryotic-like Jdw protein kinases of Mycobacterium tuberculosis.
Trends in microbiology 8 (2000) 238-244.

[2] M. Schreiber, and A. Matter, Protein kinases agbaaterial targets. Current opinion in cell biolog¥
(2009) 325-330.

[3] S. Cole, R. Brosch, J. Parkhill, T. Garnier, C. 2her, D. Harris, S.V. Gordon, K. Eigimeier, S. Gasd
C.E. Barry lii, Deciphering the biology of Mycobadum tuberculosis from the complete genome
sequence. Nature 396 (1998) 190-190.

[4] S. Prisic, and R.N. Husson, Mycobacterium tubemislserine/threonine protein kinases. Molecular
genetics of Mycobacteria (2014) 681-708.

[5] S.N. Nagarajan, S. Upadhyay, Y. Chawla, S. KhanN&z, J. Subramanian, S. Gandotra, and V.K.
Nandicoori, Protein kinase A (PknA) of Mycobacteniduberculosis is independently activated and is
critical for growth in vitro and survival of the fgen in the host. Journal of Biological Chemisz80
(2015) 9626-9645.

[6] B. Boitel, M. Ortiza€LombardA-a, R. DurAjn, F.d. Pompeo, S.T. Cole, @@A+ansky, and P.M.
Alzari, PknB kinase activity is regulated by phosptation in two Thr residues and dephosphorylation
by PstP, the cognate phospho@€r/Thr phosphatase, in Mycobacterium tuberculobslecular
microbiology 49 (2003) 1493-1508.

[71 W.S. Trimble, and S. Grinstein, TB or not TB: calui regulation in mycobacterial survival. Cell 130
(2007) 12-14.

[8] A. Wehenkel, M. Bellinzoni, M. GraA+a, R. Duran, Xillarino, P. Fernandez, G.n.l. Andre-Leroux, P.
England, H. Takiff, and C. CerveA+ansky, MycobaieteiSer/Thr protein kinases and phosphatases:
physiological roles and therapeutic potential. Biotca et Biophysica Acta (BBA)-Proteins and
Proteomics 1784 (2008) 193-202.

[9] S. Luca, and T. Mihaescu, History of BCG vaccinaeddica 8 (2013) 53-58.

[10] C.M. Sassetti, D.H. Boyd, and E.J. Rubin, Genesiired for mycobacterial growth defined by high
density mutagenesis. Molecular microbiology 48 (R007-84.

[11] N.A. Be, W.R. Bishai, and S.K. Jain, Role of Mycotmium tuberculosis pknD in the pathogenesis of
central nervous system tuberculosis. BMC microlygla2 (2012) 1-12.

[12] A. Walburger, A. Koul, G. Ferrari, L. Nguyen, C.é&8cianotto-Baschong, K. Huygen, B. Klebl, C.
Thompson, G. Bacher, and J. Pieters, Protein kiGag®m pathogenic mycobacteria promotes survival
within macrophages. Science 304 (2004) 1800-1804.

[13] D.K. Singh, P.K. Singh, S. Tiwari, S.K. Singh, Rumdari, D.K. Tripathi, and K.K. Srivastava,
Phosphorylation of pyruvate kinase A by proteinalsiea J leads to the altered growth and differerdial
of intracellular survival of mycobacteria. Appliedicrobiology and biotechnology 98 (2014) 10065-
10076.

Copyright © 2024 Authors Page | 181



[14]

[15]

[16]

[17]

Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-180-4
IIP Series, Volume 3, Book 6, Part 6, Chapterl
THE ROLE OFRIRE/THREONINE PROTEIN KINASES OF
MYCOBACTERIUM TUBERCULOSIS IN DISEASE MANAGEMENT

K.E.A. Lougheed, S.A. Osborne, B. Saxty, D. Whall€y Chapman, N. Bouloc, J. Chugh, T.J. Nott, D.
Patel, and V.L. Spivey, Effective inhibitors of tlssential kinase PknB and their potential as anti-
mycobacterial agents. Tuberculosis 91 (2011) 2&.-28

N. Anand, P. Singh, A. Sharma, S. Tiwari, V. SinBhK. Singh, K.K. Srivastava, B.N. Singh, and R.P.
Tripathi, Synthesis and evaluation of small libeariof triazolylmethoxy chalcones, flavanones and 2-
aminopyrimidines as inhibitors of mycobacterial FA%nd PknG. Bioorganic & medicinal chemistry 20
(2012) 5150-5163.

C.J. Korbee, M.T. Heemskerk, D. Kocev, E. van &irjjO. Rabiee, K.L.M.C. Franken, L. Wilson, N.D.L.
Savage, S.0. DA¥%eroski, and M.I.C. Haks, Combineeirical genetics and data-driven bioinformatics
approach identifies receptor tyrosine kinase iribisi as host-directed antimicrobials. Nature
communications 9 (2018) 358.

H. Bruns, F. Stegelmann, M. Fabri, K. DAfhner, @n\Zandbergen, M. Wagner, M. Skinner, R.L.
Modlin, and S. Stenger, Abelson tyrosine kinasetrots phagosomal acidification required for killind
Mycobacterium tuberculosis in human macrophages.Jolurnal of Immunology 189 (2012) 4069-4078.

Copyright © 2024 Authors Page | 182



