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Abstract

The adjustment to supplement exhaustion in microscopic organisms includes an exceptionally composed arrangement of
intracellular occasions that empower them to adjust to starvation conditions. The administrative impact of serine thre-
onine protein kinase, PknL, from Mycobacterium tuberculosis strain H37Rv was researched under supplement denied
conditions that reproduce conditions prompting dormancy. Recombinant PknL was communicated in Mycobacterium
smegmatis strain mc2155 in its wild sort and freak structures. In vitro development energy tests uncovered that clone
communicating dynamic PknL had a critical development advantage under supplement restricting conditions. Examina-
tions were led to learn the in silico forecasts of the inclusion of PknL in controlling glutamine digestion in mycobacteria.
Moreover, a job for PknL in cell divider biogenesis/cell division was appeared by checking electron microscopy.

Abbreviations:

(NH4 ) 2 SO4 : Ammonium Sulfate; K2ZHPO4 Potassium Sulfate;
BLASTP: Basic Logistic Alignment and Search Tool; E esteem:
Expect esteem; GlnA: Glutamine synthetase; kb: kilobase; kV:
kilovolt; um: micrometer; PknL: Protein Kinase L; STPK: Serine
Threonine Protein Kinase; MOPS: 3-(Nmorpholino) propane-
sulfonic corrosive; nm: nanometer; OPA: Orthopthalaldehyde
reagent; PBS: Phosphate Buffered Saline; PMSF: Phenyl Methyl
Sulfonyl Fluoride; UTase/UR Uridylyl Transferase and Uridylyl
Removing protein; Tim: Translocases of mitochondrial internal
layer; Tom: Translocases of mitochondrial external film.

Introduction

An expected 33% of the total populace is idly tainted with tuber-
culosis (TB) and most dynamic instances of TB emerge from this
immense supply (Riska et al., 2002). Little is thought about the
idea of the constant state in vivo or the components that insti-
gate also, look after it. A few inertness models have been tested
by Cornell (1998) - anti-microbial prompted dormancy, Wayne
(1994) - oxygen consumption prompted dormancy and Loebel
(1933) - supplement starvation model for inactivity. These mod-
els have encouraged recognizable proof and approval of medica-

tions dynamic against dormant TB. Bacterial cells go into the
fixed stage because of impediments in significant supplements,
for example, carbon, nitrogen and phosphorous or in minor
components. Detecting the starvation triggers versatile reactions
in microscopic organisms. Albeit numerous investigations have
centered onunderstanding the guideline of quality articulation
and the phenotypic outcomes, there is constrained comprehen-
sion of how microscopic organisms sense natural changes and
in this manner produce signals for the hereditary apparatus to
react suitably. As of now, there is a wide enthusiasm for the job
of flagging atoms in adjustment to starvation (Kjelleberg, 1993).
Phosphorylation is a key segment of sign transduction system of
both eukaryotic and prokaryotic cells. It is an incredibly incon-
spicuous and refined instrument by which data is expertly trans-
duced from nature into the cell (Tracker, 1995). PknL (Rv2176)
is a transmembrane STPK in Mycobacterium tuberculosis. The
pknL quality is proximally positioned with a quality coding for a
putative transcriptional controller (Rv2175¢) on the M. tubercu-
losis chromosome and has been appeared to phosphorylate the
last mentioned (Canova et al., 2008). The presence of a quali-
ty (MLO897c) offering 75% personality to pknL in M. leprae, a
bacterium that has experienced gigantic quality rot (Cole et al.,
2001), has prompted hypotheses that this kinase could assume a
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critical job in managing mycobacterial development, endurance
as well as pathogenesis. In our undertaking to practically portray
PknL, we looked for to examine its job in starvation reaction of
mycobacteria. Serine threonine kinases could fill in as important
medication focuses as they engineer the intracellular way of life
of this microorganism. We have recently portrayed the biochem-
ical portrayal of PknL, (Lakshminarayan et al., 2008) and here
we portray our endeavors to explore the job of this kinase in the
starvation reaction of mycobacteria.

Materials and Methods

Pfam investigation to recognize useful spaces among PknLH37Rv
and its orthologs The essential amino corrosive arrangement of
PknL from M. tuberculosis strain H37Rv was downloaded in the
FASTA position from the Pasteur Institute site (http://genolist.
pasteur.fr/Tuberculist).Study on the protein orthologs of PknL
among various microscopic organisms was performed utilizing
the BLASTP program at the National Center for Biotechnology
Information (NCBI) site (http:// www.ncbi.nlm.nih.gov). The
amino corrosive arrangement of PknL and its related prokary-
otic orthologs were looked against the Pfam database utilizing the
HMMER program accessible from (http:// pfam.sanger.ac.uk).
In vitro development energy under supplement restricting con-
ditions Recombinant PknL was communicated as a full length
chemical in Mycobacterium smegmatis strain mc2155 in its wild
sort (pHL4) what's more, kinase inactivated (pHLS8) structures.
The clones pHL4, pHL8 what’s more, pAL (vector control) were
developed in Sautons stock and instigated for protein articula-
tion with acetamide (0.2% w/v) (Lakshminarayan, 2008). Ni-
trogenous enhancements were given by including L-glutamine or
ammonium sulfate [NH4 ) 2 SO4 | to give a last grouping of
4mM and 30mM separately. The way of life were developed with
nonstop shaking at 130 rpm at 37C and were normally inspected
at 3 - 4 hourly spans to quantify the phone thickness (OD600
values) spectrophotometrically. A province check was likewise
performed by plating appropriate weakenings on particular Mid-
dlebrooks 7H10 agar plates (Hygromycin 50pg/ml). Supplement
starvation tests To examine the job of H37Rv-PknL in the starva-
tion reaction of M. smegmatis strain mc2155, the clones pHL4,
pHL8 and pAL were developed in Hartmans-de-Bont negligible
medium (Smeulder et al., 1999) and their development profiles
were observed after enlistment. To accomplish states of nitrogen
and carbon starvation, (NH4 ) 2 SO4 and glycerol were accli-
mated to definite groupings of 0.15mM and 11mM separately
in this insignificant medium. For phosphorous starvation, both
K2HPO4 what’s more, NaH2 PO4 were decreased 100-crease to
0.16mM, 3-(N-morpholino) propanesulfonic corrosive (MOPS)
was added at 50mM to supplant lost buffering limit, an the pH
was changed in accordance with 7. Elite fluid chromatography
(HPLC) for evaluating intracellular pools of glutamine and glu-
tamic corrosive For creating the cell lysate utilized in this esti-
mation, cells were developed to mid logarithmic stage under
states of starvation as depicted in the past area. The cell pellet
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got by turning down the way of life was washed with phosphate
cushioned saline (PBS) and disturbed by sonication. A protease
inhibitor (PMSF) was added to the lysate at a convergence of
ImM and put away at 4C while handling. Following OPA deri-
vatization with orthopthalaldehyde reagent, the 1100 arrange-
ment HP-HPLC framework with UV recognition at 338nm was
utilized to play out the amino corrosive estimations. The protein
convergence of the cell lysates was standardized before HPLC ex-
amination. Filtering electron microscopy Actuated M. smegmatis
clones were spun down and washed twice with PBS. The cell
suspension was fixed in 2.5% gluteraldehyde in 0.IM sodium
cacodylate cushion (pH 7.4) for 2 hours. The cells were separated
through a Whatmann No.5 channel paper and post fixed in 1%
osmium tetroxide for 2 hours. The channel paper circles were got
dried out through an evaluated arrangement of CH3)2CO and
air dried. Following covering with platinum for 3- 4min, utilizing
JEOL-JFC-1600 Auto Fine Coater, the examples werescanned
and micrographs were taken, utilizing JEOL JSM 6360 checking
electron magnifying lens. A working separation of 15mm and
a quickening voltage of 10kV were utilized to see the examples.
Factual investigations The way of life tests were done in triplicate.
The centrality of the outcomes was controlled by investigation of
fluctuation. P estimations of < 0.05 were viewed as critical. Filter-
ing electron microscopy demonstrates a job for M. tuberculosis
H37Rv-PknL in directing mycobacterial cell division also, cell di-
vider biogenesis The preservation of qualities coding for division
and cell divider biogenesis (dew quality group) in the 30kb locus
including PknL, the phylogenetic relatedness to PknB/PknA and
the presence of homologs in Corynebacterium glutamicum with
carboxy terminal PASTA spaces, speak to the natural line of proof
that ensnares a job for PknL in directing cell divider biogenesis
(Narayan et al., 2007). It was seen that M. smegmatis cells over
communicating the dynamic kinase (pHL4) developed to more
prominent cell lengths (>3.5um). Indeed, even the pHL8 clones
communicating the point freak were huge (3-3.4um) when con-
trasted with the vector control pAL (2-2.95um) (Table2A). These
finding are reminiscent of a job for PknL in the cell divider bio-
synthetic action in mycobacteria. It is contemplated that PknL
by its capacity to manage the blend of the cell divider polymer,
poly-L-glutamine, or access to supplements by advancing take-
up from the encompassing medium impacts the soundness of
mycobacteria permitting them to develop to more noteworthy
lengths. Numerous mycobacterial kinases have been appeared to
have an impact in cell division. Mycobacterial strains over com-
municating PknA and PknB indicated an inclination to shape
chains which is an indication of oddities in cell septation (Kang
et al., 2005). PknA phosphorylates the cell division protein FtsZ
and hinders its GTPase movement, bringing about the watched
chain phenotype (Thakur et al., 2006). PknB applies its activity
on septal peptidoglycan biosynthesis by directing the action of
penicillin restricting protein PBPA (Datta et al., 2006). Cell divi-
sion protein Fts Z, cell divider biosynthetic MurD amide ligase
and PbpB are monitored close PknL, subsequently turning out
to be obvious objectives for the administrative protein.
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Starvation brings about a modified example of quality guideline
planned for advancing bacterial endurance in the lethargic state.
Subsequently, PknL by it capacity to detect extra cell supplement
levels may intercede broad revamping of the cell cosmetics, start-
ed after the beginning of supplement starvation. PknL could le-
gitimately react to changes in cAMP or pppGpp levels which hap-
pen during starvation. The anticipated job for PknL in affecting
interpretation has been affirmed with the showing of its capacity
to phosphorylate a translation factor Rv2175¢ co-confined with it
in the chromosome. This adds solidarity to our speculation that
PknL has an administrative job in mediating versatile reaction to
supplement starvation in Mycobacterium tuberculosis by impact-
ing quality translation.

References
1. Av-Gay Y, Everett M (2000) The eukaryotic-like Ser/Thr pro-

tein kinases of Mycobacterium tuberculosis. Trends Microbi-
ol. 8:238-244. » CrossRef » PubMed » Google Scholar by gene

and protein expression profiling. Mol Microbiol 43: 717-31. »
CrossRef » PubMed » Google Scholar

3. Bomer U, Rassow ], Zufall N, Pfanner N, Meijer M, et al. (1996)
The preprotein translocase of the inner mitochondrial mem-
brane: evolutionary conservation of targeting and assembly

of Tim17. ] Mol Biol 262: 389-95. » CrossRef » PubMed »
Google Scholar

4. Canova MJ, Veyron-Churlet R, Zanella-Cleon I, Cohen-Gon-
saud M, Cozzone A], et al. (2008) The Mycobacterium tu-
berculosis serine/threonine kinase PknL phosphorylates
Rv2175¢c: mass spectrometric profiling of the activation loop
phosphorylation sites and their role in the recruitment of-
Rv2175c. Proteomics 8:521-33. » CrossRef » PubMed » Goo-
gle Scholar

5. sole ST, Eiglmeier K, Parkhill ], James KD, Thomson NR, et al.
(2001) Massive gene decay in the leprosy bacillus. Nature 409:
1007-11. » CrossRePubMed » Google Scholar

6. Cowley S, Ko M, Pick N, Chow R, Downing K], et al. (2004)
The Mycobacterium tuberculosis protein serine/threonine
kinase PknG is linked to cellular glutamate/glutamine levels
and is important for growth in vivo. MolMicrobiol 52: 1691-
702. » CrossRef » PubMed » Google Scholar

7. Datta P, Dasgupta A, Singh AK, Mukherjee P, Kundu, et al.
(2006) Interaction between FtsW and penicillin-binding pro-
tein 3 (PBP3) directs PBP3 to mid-cell, controls cell septation
and mediates the formation of a trimeric complex involving
FtsZ, FtsW and PBP3 in mycobacteria. Mol Microbiol 62:
1655-73. » CrossRef » PubMed » Google Scholar

8. Forchhammer K (2007) Glutamine signaling in bacteria. Front
Biosci. 12:358-70. » CrossRef » PubMed » Google Scholar

9. Flynn JL, Chan ] (2001) Tuberculosis: latency and reactivation.
Infect Immun. 69:4195-201. » CrossRef » PubMed » Google

Transcriptomics, Vol.7 Iss.2

ISSN: 2329-8936

(|
OFE% .:._:| ACCESS Fresdy avallable on

Scholar

10.Gralla JD, Vargas DR (2006) Potassium glutamate as a tran-
scriptional inhibitor during bacterial osmoregulation. EMBO

J 25: 1515-1521. » CrossRef » PubMed » Google Scholar

11. Grundner C, Gay LM, Alber T (2005) Mycobacterium tu-
berculosis serine/ threonine kinases PknB, PknD, PknE, and
PknF phosphorylate multiple FHA domains. Protein Sci 14:
1918-21. » CrossRef » PubMed » Google Scholar

12.Hunter T (1995) Protein kinases and phosphatases: the yin
and yang ofproein phosphorylation and signaling. Cell 80:
225-36. » CrossRef » PubMed » Google Scholar

13.Kang CM, Abbott DW, Park ST, Dascher CC, Cantley LC, et
al. (2005) The Mycobacterium tuberculosis serine/threonine
kinases PknA and PknB: substrate identification and regu-
lation of cell shape. Genes Dev 19: 1692-704. » CrossRef »
PubMed » Google Scholar

14.Kornberg A, Rao NN, Ault-Riché D (1999) Inorganic poly-
phosphate: a molecule of many functions. Annu Rev Bio-

chem 68: 89-125. » CrossRef » PubMed » Google Scholar

15.Kjelleberg S (1993) Starvation in bacteria. New York, Plenum
Press. » CrossRef » PubMed » Google Scholar

16.Lakshminarayan H, Narayanan S, Bach H, Sundaram KG,
Av-Gay Y (2008) Molecular cloning and biochemical charac-
terization of a serine threonine protein kinase, PknL, from

Mycobacterium tuberculosis. Protein Expr Purif 58: 309-17. »
CrossRef » PubMed » Google Scholar

17. McLaggan D, Naprstek ], Buurman ET, Epstein W (1994)
Interdependence of K+ and glutamate accumulation during
osmotic adaptation of Escherichia coli. ] Biol Chem 269:
1911-1917. » CrossRef » PubMed » Google Scholar

18. Medlar EM (1926) A Study of the Process of Caseation in
Tuberculosis. Am ] Pathol 2: 275-290. » CrossRef » PubMed
» Google Scholar

19.Narayan A, Sachdeva P, Sharma K, Saini AK, Singh Y (2007)
Serine threonine protein kinases of mycobacterial genus: phy-
logeny to function. Physiol Genomics 29: 66-75. » CrossRef »
PubMed » Google Scholar

20.Rodriguez JG, Burbano CS, Nufez C, Gonzilez CE, Zam-
brano MM, et al(200) Rv3134c/devR/devS operon of Myco-
bacterium bovis BCG is differentially transcribed under “in
vitro” stress conditions. Tuberculosis 88: 273-82. » CrossRef
» PubMed » Google Schola 2. Betts JC, Lukey PT, Robb LC,
McAdam RA, Duncan K (2002) Evaluation of a nutrient

starvation model of Mycobacterium

21.Riska PF, Carleton S (2002) Latent tuberculosis: models,
mechanisms, and novel prospects for eradication. Semin Pe-
diatr Infect Dis 13: 263-72. » CrossRef » PubMed » Google
Scholar

e Page 3 0f4 e



Behara R

22.Smeulders MJ, Keer ], Speight RA, Williams HD (1999) Ad-
aptation of Mycobacterium smegmatis to stationary phase. J

Bacteriol 181: 270-83. » CrossRef » PubMed » Google Scholar

23.Stadtman ER (1990) Discovery of glutamine synthetase cas-
cade. Methods Enzymol 182: 793-809. » CrossRef » PubMed
» Google Scholar

24. Thakur M, Chakraborti PK (2006) GTPase activity of myco-
bacterial FtsZ is impaired due to its transphosphorylation by
the eukaryotic-type Ser/Thr kinase, PknA. ] Biol Chem 281:
40107-13. » CrossRef » PubMed » Google Scholar

25.Zhang CC (1996) Bacterial signaling involving eukaryotic-type
protein kinases. Mol Microbiol. 20:9-15. » CrossRef » PubMed
» Google Scholar

26.Zahrt TC, Wozniak C, Jones D, Trevett A (2003) Functional
analysis of the Mycobacterium tuberculosis MprAB two-com-
ponent signal transduction system. Infect Immun 71: 6962-
6970. » CrossRef » PubMed » Google Scholar tuberculosis

persistence

Transcriptomics, Vol.7 Iss.2

ISSN: 2329-8936

(|
OFEMN .:i_:| BCCESS Fresdy available onlies

e Page 4 0of 4«



