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Small protein tyrosine phosphatase (PtpA) of Mycobacte-
rium tuberculosis (Mtb) is attributed to the development
of latent tuberculosis infections, and hence becomes an
interesting target for drug development. In this commu-
nication, inhibition of PtpA by naturally occurring fatty
acids: cis-2 and trans-2-eicosenoic acids is investigated.
Mtb PtpA was heterologously expressed in Escherichia
coli, and the activity of PtpA was inhibited by cis-2 and
trans-2 eicosenoic fatty acids. Both compounds showed
strong inhibition of PtpA activity, with IC,, at low micro-
molar concentrations. In comparison, trans-11-eicosenoic
acid only slightly inhibited PtpA. In silico analysis con-
firmed the inhibition of PtpA by cis-2-eicosenoic acid by
formation of several hydrogen bonds. These findings
show that cis-2 and trans-2 eicosenoic fatty acids are po-
tential candidates for latent tuberculosis inhibitors.
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INTRODUCTION

Mycobacterinm tuberculosis pathogen is one of the most
devastating pathogens with high mortality all over the
world. The death toll caused by this infection is wors-
ened by increasing HIV infection cases. This figure is
even more complicated by the development of antibiotic
resistant strains: multi-drug tresistant tuberculosis (MDR
TB) and extensively drug-resistant TB (XDR TB). The
battle against TB has an additional front, i.c. latent TB
infection (LTBI). It is estimated that 1.7 billions of peo-
ple, or approximately one quarter of the world’s popula-
tion, are infected with these bacteria in the latent infec-
tion fashion (World Health Organization, 2019; Houben
& Dodd, 2016), and 10% of those individuals develop
active infection at a later stage of their life (Vynnycky &
Fine, 2000; Stutz ez al., 2018).

The ability of the bacteria to avoid the acidic lyso-
somal degradation within host macrophages has been
recognized as one of the survival mechanisms of M. 7u-

berculosis from phagolysosome degradation, and leads the
bacterium to its latent phase (Pieters & Gatfield, 2002),
where it further utilizes nutrition from its host for long
term dormancy (Mali & Meena, 2018). Although several
bacterial survival factors, such as the protein tyrosine
phosphatases, bacterial lipoarabinomannan (LAM) and
protein kinase G (PknG) have been extensively suggest-
ed to be involved in the latent infection (Li & Xie, 2011;
Janssen ez al., 2012), the mechanism by which latent TB
infection develops into its active state is not fully under-
stood. Nevertheless, inhibition of latency factors opens
up the research field to combat bacteria even before la-
tency is established.

Among the proteins associated with the development
of latent TB infection is protein tyrosine phosphatase A
(PtpA). This protein is known to be responsible for inhi-
bition of fusion even between phagosome and lysosome.
In a normal endocytosis pathway, once the bacterium is
engulfed by the macrophage cell, the resulted mycobac-
terial-laden phagosome recruits host vacuolar-H*-ATPase
(V-ATPase) that acidifies the endosome, a precondition
required later when it fuses with the lysosome and thus
ensuring that a suitable environment for hydrolytic en-
zymes of the lysosome is formed (Sun-Wada e a/., 2009;
Stutz et al., 2018; Upadhyay e al, 2018). However, bac-
terium develops a survival strategy by secreting PtpA
that permeates the phagosome membrane and binds to
the subunit H of V-ATPase in the macrophage cytosol.
PtpA is also reported to dephosphorylate vacuolar sort-
ing protein VPS33B which is required for the fusion of
endocytic organelles. The binding of subunit H of V-
ATPase and dephosphorylation of VPS33B by mycobac-
terial PptA are concerted evens that account for the hin-
derance of bacteria to enter phagolysosome degradation
(Bach et al., 2008; Wong et al., 2011; Korb et al., 2016).
PtpA was also reported to supress the host innate im-
munity by regulating host gene expression (Wang e/ al,
2017). From this point of view, PtpA, along with other
effector proteins, becomes an interesting target for anti-
latent TB drug development.

Several attempts to discover novel drugs benefitted
from the progress in the computer aided drug discov-
ery (CAD). A recent example of this approach has been
underlined by Zhang and co-workers who reported a
thiobarbiturate compound as a novel Mtb PtpB inhibi-
tor with an IC,, of 22.4 uM (Zhang et al., 2019). Fur-
thermore, a thiosemicarbazone compound predicted by
molecular modelling has been synthesized and revealed
its inhibitory effect on Mtb PtpA with a low micromolar
IC,, (Sens et al., 2018). A comprehesive review of in silico
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studies targetting tubercular protein is presented by de
Oliveira Vianaand others (de Oliveira Viana ez al., 2018).
A recent in silico study by Dhanjal and co-workers has
suggested that eicosenoic fatty acid derivative, the #rans-2
eicosenoic acid. might inhibit Mtb PtpA and a related
phosphatase of Mtb, PtpB (Dhanjal ez al, 2014). The
present study aims at testing the ability of #runs-2-eicose-
noic fatty acid to inhibit Mtb PtpA.

MATERIALS AND METHODS

Materials. Plasmid and Escherichia coli strains. Recom-
binant plasmid pET30b-PtpA was a kind gift from Prof.
Yossef Av-Gay, Univesity of British Columbia, Canada.
The plasmid was maintained in Escherichia coli X1.1-Blue,
and for expression, E. c/i BL21(DE3) was used. Bac-
teria were grown in LB medium containing 0.5% yeast
extract, 1% NaCl, 1% bacto trypton and 30 pg/mL
kanamycin (USP Biobasic). Agar LB medium was made
by addition of 2% bacto agar. All ingredients were from
major biochemical vendors.

Chemicals. All reagents for buffers were from major
chemical vendors. Cis-2-cicosenoic and #rans-2-eicosenoic
fatty acids were purchased from Larodan AB (Sweden).
Trans-11-cicosenoic fatty acid and para-nitrophenyl phos-
phate were from Sigma-Aldrich.

Methods. Expression of Mtb protein tyrosine phos-
phatase A in E. c/i. Recombinant plasmid pET30b-Pt-
pA was introduced into competent E. ¢/ BL21(DE3)
cells by electroporation (Gene Pulser Electroporation
Systems, Bio-Rad). For PtpA production, an overnight
pre-culture of transformed cells was added to 250 mL
LB medium in an Erlenmeyer flask containing kanamy-
cin. Cells bearing PtpA gene at log phase (OD,, of c.a.
0.6) were induced by addition of 0.5 mM isoprophyl
beta-thiogalactose (IPTG, Sigma-Aldrich) and kept in a
rotary shaker for 4 hours at 37°C, 250 rpm. Cells were
harvested by centrifugation at 3500 rpm and cell pellet
was resuspended in phosphate buffered saline (PBS: 137
mM NaCl, 2.7 mM KCI, 8 mM Na,HPO, and 2 mM
KH,PO,) prior to lysis by 10 cycles of sonication (30
seconds sonication and 30 seconds pause). Clear lysate
containing PtpA was obtained by centrifugation at 12000
rpm, 4°C for 30 min.

Protein concentration was determined by bicinchonin-
ic acid (BCA kit, Thermo scientific). Sodium dodecylsu-
fate polyacrylamide gel electrophoresis was performed to
show the expression of PtpA in E. ch. Samples were
subjected to electrophoresis in 12.5% polyacrylamide gel.

The activity PtpA was tested for its phosphatase ac-
tivity against para-nitrophenyl phosphate (p-NPP) as
modified from (Mascarello ¢z al., 2013). Reaction mixture
contained 6 mM pNPP substrate and 100 uM imidazole
was added to final volume of 180 uL, followed by pre-
incubation at 37°C for 5 minutes prior to addition of 20
uL of PtpA (1 pg/ul). Reaction was allowed to proceed
and the resulted para-nitrophenol was measured at 410
nm every 2 minutes for 30 minutes.

Inhibition of PtpA by eicosenoic fatty acids.
-o test the inhibitory effect of eicosenoic fatty acids,
PtpA was allowed to hydrolyze substrate para-nitrophe-
nyl phosphate in the absense or presense on various
concentrations of #uans-2-eicosenoic acid, ¢s-2-eicosenoic
acid, and #rans-11-eicosenoic acid, ranging from 0 pM to
30 uM, for 30 minutes at 37°C. Lysate of untransformed
E. coli BL.21 was used as control in each experiments.

The inhibitory effect of eicosenoic fatty acid isomers
on the activity of PtpA was depicted as the decrease in
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Figure 1. A. In each lane, 20 pug of samples were loaded onto
4.5% focusing gel and 12.5% resolving polyacrylamide gel for
separation.

Overexpressed PtpA in Escherichia coli BL21(DE3) appears as a
major band at 18 kDa which corresponds to PtpA (lane 2). Lane
1 is uninduced sample. B. Three isomers of eicosenoic fatty acid
structures generated by Chemdraw, tested for their inhibitory ef-
fect on Mtb PtpA activity: trans-2-eicosenoic acid, cis-2-eicosenoic
acid and trans-11-eicosenoic acid.

absorbance (A,,, nm) by the increment concentration of
eicosenoic fatty acids. The IC,; values for each eicose-
noic fatty acid were calculated with the use of Prism 7
(GraphPad).

Docking. Interaction of eicosenoic fatty acids with
PtpA that lead to inhibitory of phosphatase activity was
analyzed with the Discovery studio (Accelrys, San Diego,
CA, USA). The PtpA protein that contains native ligand
glycerol (PDB accession number 1U2Q) was used for
docking with each of the eicosenoic fatty acids. Ligands,
i.e. the eicosenoic fatty acids, were prepared by Chem-
draw (Fig. 1B).

RESULTS

Expression of PtpA in E. coli

PtpA, cloned into the pET30b plasmid, was success-
fully expressed in E. /i BL21(DE3) under T7 promot-
er and induced by 0.5 mM isopropyl beta-thiogalactose
(IPTG) as described by Studier and others (Studier ez o/,
1990). PtpA appears as a protein of ca. 18 kDa (Fig.
1A), which is in agreement with another report (Chi-
aradia ef al, 2008). Activity of overexpressed PtpA was
assayed by measuring its ability to hydrolyze para-nitro-

Inhibition of PtpA by variuos concentration of eicosenoic fatty acids
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Figure 2. Inhibition study of overexpressed PtpA with increasing
concentration of eicosenoic fatty acids (ESA) at 0, 8, 16 and 30

pM.
The trans-2-eicosenoic and cis-2-eicosenoic strongly inhibit PtpA,
whereas trans-11-eicosenoic acid only slightly inhibits PtpA. All
measurements were performed twice and data were normal-
ized to the control E. coli lysate. IC,, values of PtpA inhibition by
trans-2, cis-2 and trans-11 eicosenoic acid were calculated with
the Prism 7 software (GraphPad) and it was revealed that the IC,,
values were 11.26, 8.20 and 27.97 uM for trans-2, cis-2 and trans-
11-eicosenoic fatty acid, respectively. ESA, Eicosenoic Fatty Acid.
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Figure 3. A and B: Docking analysis of PtpA inhibition by cis-2-eicosenoic acid. Four amino acid residues of PtpA are in close proxim-
ity to the cis-2-eicosenoic acid. C and D: Docking analysis of PtpA inhibition with trans-2-eicosenoic acid. Three amino acids are in

close proximity to trans-2-eicosenoic acid.

Table 1. Energy and binding interaction of co-crystalized Mtb PtpA (1U2Q) with eicosenoic fatty acids

Compound cDocker energy (kcal/mol) Binding interaction (amino acid residue)
cis-2-eicosenoic acid -37,1939 Asn,, lle,, Cys,q, Arg,,
trans-2-eicosenoic acid -33,0076 Thr,,, Gly,;, Arg,,

trans-11-eicosenoic acid -28,3423 Gly,, His,g

phenyl phosphate (pNPP). The released para-nitrophenol
gave a typical yellow colour of reaction mixture which is
measured spectrophotometrically at 410 nm (Chiaradia ez
al., 2008).

Inhibition of PtpA with eicosenoic fatty acids. In-
hibition of PtpA by #rans-2 and cis-2-cicosenoic acids is
shown in Fig. 2. It is shown that the #ans-2 eicosenoic
acid, and to a higher extent the ¢s-2-cicosenoic acid, are
capable of inhibiting PtpA.

Docking analysis. Interaction study of PtpA with
the cs-2-eicosenoic acid is depicted in Fig. 3. The fatty
acid shows interaction with four amino acid residues of
PtpA, ie. Asn,, lle,,, Cys,, and Arg,, with binding en-
ergy of -37.1939 kcal/mol. Strong interaction of PtpA is
also found with #rans-2-eicosenoic acid via two potential
amino acid residues, i.e. Thr,, Gly,,, and to a lesser de-

gree with Arg... On the other hand, docking of PtpA
with #rans-11-eicosenoic acid reveals it to be prone to
have weaker interaction in terms of both the energy and
the distance of amino acid residues, which is in agree-
ment with the inhibition assay results. Binding param-
eters of the tested eicosenoic fatty acids are summarized
in Table 1.

DISCUSSION

The role of phosphatases in the progress of infection
has been of interests of many researchers, since these
proteins are identified in various bacterial pathogens,
such as Listeria monocytogenes, Mycobacterium  tuberculosis,
Psendomonas aeruginosa, Streptococcus agalactiae, Streptococcus py-
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ogenes, Staphylococcus anreus, Salmonella typhimurinm, etc. (Sa-
jid et al., 2015). The study areas could include identifica-
tion of their host interacting partners and be followed by
clucidation of the downstream interferences they cause.
The next immediate interest, unsuprisingly, is to find a
way to inhibit the secreted bacterial phosphatases, and
thus prevent their involvement in the development of
infections and diseases.

As TB remains a global concern that belongs to one
of the main targets in the Sustainable Development Goal
(SGD) in health, prevention of latent TB turns to be
one of the focal points, in addition to other TB eradica-
tion efforts, such as development of new vaccines, novel
drugs, as well as improvement of diagnosis. Our current
knowledge on roles of mycobacterial phosphatase effec-
tors that are secreted by Mtb into its host’s cells enroute
its degradation pathway has led researchers to explore
inhibitors of Mtb phosphatases. The endeavour to seek
new potential inhibitors for Mtb virulence proteins and
drugs againts TB is nowadays approached by differents
strategies. Among those strategies are direct screening of
natural compounds, iz silico screening of phosphatase in-
hibitors, and synthesis of novel compounds or modified
compounds predicted to be able to inhibit Mtb phos-
phatases.

The study presented here employs an 7 silico report
that has underlined the potential inhibitory effect of
trans-2-eicosenoic fatty acid on Mtb PtpA (Dhanjal e#
al, 2014). Our data confirmed for the first time that
trans-2-eicosenoic fatty acid strongly inhibits PtpA, with
an IC,, of 11.26 pM. Interestingly, its s isomer (cis-
2-cicosenoic fatty acid) showed an even stronger inhibi-
tion to PtpA, with an IC,, of 8.20 uM. The ability of
these eicosenoic acids to inhibit PtpA is comparable to
the other PtpA potential inhibitors, such as chalcone de-
rivatives (Mascarello ¢ al, 2010; Chiaradia et al, 2012)
whose IC,, ranging from 8.4 to 53.7 pM, and analogues
of natural products stevastelin, roseofilin and prodigi-
osins, whose IC,, values ranging from 8.8 to 28.7 uM
(Manger ez al., 2005). In contrast, the #ans-11-eicosenoic
acid isomer of those compounds showed a much higher
IC,, value, i.e. 27.97 uM and only slightly inhibited PtpA
(Fig. 2). The fact that both #ans-2 and cis-2 eicosenoic
acids strongly inhibit PtpA, whereas #ans-11 does not,
shows that the double bond position contributes more
to the inhibitory effect of the ecicosenoic acids than its
cis or trans stereochemistry (Fig. 2). It is somehow sur-
prising that a small molecule such as eicosenoic acid,
rather than complex inhibitors as many researchers have
reported, strongly interacts with PtpA.

CONCLUSIONS

These findings show that both, the ws2 and #ans-
2-cicosenoic fatty acids are potential candidates for PtpA
inhibitors. A further study is deemed necessary in order
to investigate whether these compounds bind specifically
to the Mtb’s phosphatase by comparing their inhibitory
effects on human phosphatases. Additionally, it is also
important to employ an assay to prove whether these
compounds are capable of preventing Mtb latent infec-
tion in vivo.

Acknowledgments

Authors thank Prof. Yossef Av-Gay, University of
British Columbia, Canada, for kindly providing the
pET30b-PtpA recombinant plasmid. Authors also thank
Siti Rosidah from the Bioscience and Biotechnology Re-

search Center, University of Mataram, for technical as-
sistance.

Conflicts of Interest

All authors declare no conflict of interest.

REFERENCES

Bach H, Papavinasasundaram KG, Wong D, Hmama Z, Av-Gay
Y (2008) Mycobacterium  tubercnlosis virulence is mediated by PtpA
dephosphorylation of human vacuolar protein sorting 33B. Ce/l. Host
Microbe. 3: 316-322. https://doi.org/10.1016/j.chom.2008.03.008

Chiaradia LD, Mascarello A, Purificacio M, Vernal J, Cordeiro MNS,
Zenteno ME, Villarino A, Nunes RJ, Yunes RA, Terenzi H (2008)
Synthetic chalcones as efficient inhibitors of Mycobacterium tuberculosis
protein tyrosine phosphatase PtpA. Bivorganic. Med. Chem. Lett. 18:
6227-6230. https://doi.org/10.1016/j.bmcl.2008.09.105

Chiaradia I.D, Martins PGA, Cordeiro MNS, Guido RVC, Ecco G,
Andricopulo AD, Yunes RA, Vernal ], Nunes R]J, Terenzi H (2012)
Synthesis, biological evaluation, and molecular modeling of chalcone
derivatives as potent inhibitors of Mycobacterium tuberculosis protein
tyrosine phosphatases (PtpA and PtpB). |. Med. Chem. 55: 390-402.
https://doi.org/10.1021/jm2012062

Dhanjal JK, Grover S, Sharma S, Singh A, Grover A (2014) Structural
insights into mode of actions of novel natural Mycobacterium pro-
tein tyrosine phosphatase B inhibitors. BMC Genomics 15 (Suppl 1):
S3. https://doi.org/10.1186/1471-2164-15-S1-S3

Houben RMG]J, Dodd PJ (2016) The global burden of latent tubercu-
losis infection: a re-estimation using mathematical modelling. PLoS
Med. 13: €1002152. https://doi.org/10.1371/journal.pmed.1002152

Janssen S, Jayachandran R, Khathi L, Zinsstag J, Grobusch MP, Pi-
eters | (2012) Exploring prospects of novel drugs for tuberculosis.
Drug Des. Devel. Ther. 6: 217-224. https://doi.org/10.2147/DDDT.
$34006

Korb VC, Chuturgoon AA, Moodley D (2016) Mycobacterinm tubercn-
losis: Manipulator of protective immunity. Inz. J. Mol Sci. 17: 131.
https://doi.org/10.3390/ijms17030131

Li W, Xie J (2011) Role of mycobacteria effectors in phagosome matu-
ration blockage and new drug targets discovery. J. Cell. Biochem. 112:
2688-2693. https://doi.org/10.1002/jcb.23218

Mali PC, Meena LS (2018) Triacylglycerol: nourishing molecule in en-
durance of Mycobacterium tuberculosis. J. Biosci. 43: 149-154. https://
doi.org/10.1007/s12038-018-9729-6

Manger M, Scheck M, Prinz H, Von Kiries JP, Langer T, Saxena K,
Schwalbe H, Furstner A, Rademann J, Waldmann H (2005) Dis-
covery of Mycobacterinm  tuberculosis protein tyrosine phosphatase A
(MptpA) inhibitors based on natural products and a fragment-based
approach. Chem. Bio. Chem. 6: 17491753, https://doi.org/10.1002/
cbic.200500171

Mascarello A, Chiaradia LD, Vernal J, Villarino A, Guido RVC, Periz-
zolo P, Poirier V, Wong D, Martins PGA, Nunes RJ, Yunes RA,
Andricopulo AD, Av-Gay Y, Terenzi H (2010) Inhibition of M)y-
cobacterinum tnberculosis tyrosine phosphatase PtpA by synthetic chal-
cones: Kinetics, molecular modeling, toxicity and effect on growth.
Bivorganic Med. Chem. 18: 3783-3789. https://doi.org/10.1016/j.
bmec.2010.04.051

Mascarello A, Mori M, Chiaradia-Delatorre LD, Menegatti ACO, de
Monache F, Ferrari F, Yunes RA, Nunes R], Terenzi H, Botta B,
Botta M (2013) Discovery of Mycobacterium tuberculosis protein tyros-
ine phosphatase B (PtpB) inhibitors from natural products. PLoS
One 8: 1-12. https://doi.org/10.1371/journal.pone.0077081

de Oliveira Viana J, Scotti MT, Scotti L. (2018) Molecular docking stud-
ies in multitarget antitubercular drug discovery. In: Methods in Phar-
macology and Toxicology. pp 187-201. https://doi.org/10.1007/7653

Pieters ], Gatfield | (2002) Hijacking the host: Survival of pathogenic
mycobacteria inside macrophages. Trends Microbiol. 10: 142—146. htt-
ps://doi.org/10.1016/S0966-842X(02)02305-3

Sajid A, Arora G, Singhal A, Kalia VC, Singh Y (2015) Protein phos-
phatases of pathogenic bacteria: role in physiology and virulence.
Annn. Rev. Microbiol. 69: 527-547. https://doi.org/10.1146/annurev-
micro-020415-111342

Sens I, de Souza ACA, Pacheco LA, Menegatti ACO, Mori M, Mas-
carello A, Nunes R], Terenzi H (2018) Synthetic thiosemicarba-
zones as a new class of Mycobacterinm tnberculosis protein tyrosine
phosphatase A inhibitors. Bivorganic Med. Chem. 26: 5742—5750. htt-
ps://doi.org/10.1016/j.bmc.2018.10.030

Studier FW, Rosenberg AH, Dunn JJ, Dubendorff JW (1990) Use of
T7 RNA polymerase to direct expression of cloned genes. Methods
Enzymol. 185: 60-89. https://doi.org/10.1016/0076-6879(90)85008-
C

Stutz MD, Clark MP, Doerflinger M, Pellegrini M (2018) Mycobac-
terium tuberculosis: Rewiring host cell signaling to promote in-


https://doi.org/10.1016/j.chom.2008.03.008
https://doi.org/10.1016/j.bmcl.2008.09.105
https://doi.org/10.1021/jm2012062
https://doi.org/10.1186/1471-2164-15-S1-S3
https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.2147/DDDT.S34006
https://doi.org/10.2147/DDDT.S34006
https://doi.org/10.3390/ijms17030131
https://doi.org/10.1002/jcb.23218
https://doi.org/10.1007/s12038-018-9729-6
https://doi.org/10.1007/s12038-018-9729-6
https://doi.org/10.1002/cbic.200500171
https://doi.org/10.1002/cbic.200500171
https://doi.org/10.1016/j.bmc.2010.04.051
https://doi.org/10.1016/j.bmc.2010.04.051
https://doi.org/10.1371/journal.pone.0077081
https://doi.org/10.1007/7653
https://doi.org/10.1016/S0966-842X(02)02305-3
https://doi.org/10.1016/S0966-842X(02)02305-3
https://doi.org/10.1146/annurev-micro-020415-111342
https://doi.org/10.1146/annurev-micro-020415-111342
https://doi.org/10.1016/j.bmc.2018.10.030
https://doi.org/10.1016/j.bmc.2018.10.030
https://doi.org/10.1016/0076-6879(90)85008-C
https://doi.org/10.1016/0076-6879(90)85008-C

Vol. 67

Cis-2 and trans-2-eicosenoic fatty acids are novel inhibitors for Mycobacterium tuberculosis 223

fection. J. Leukoc. Biol. 103: 259-268. https://doi.org/10.1002/
JLB.4MRO717-277R

Sun-Wada GH, Tabata H, Kawamura N, Aoyama M, Wada Y (2009)
Direct recruitment of H+-ATPase from lysosomes for phagosomal
acidification. J. Cel/ Sci. 122: 2504-2513. https://doi.org/10.1242/
jcs.050443

Upadhyay S, Mittal E, Philips JA (2018) Tuberculosis and the art
of macrophage manipulation. Pathog. Dis. 76: 1-12. https://doi.
org/10.1093/femspd/ fty037

Vynnycky E, Fine PEM (2000) Lifetime Risks, Incubation Petiod, and
Serial Interval of Tuberculosis. 152: 247-263

Wang J, Ge P, Qiang L, Tian F, Zhao D, Chai Q, Zhu M, Zhou R,
Meng G, Iwakura Y, Gao GF, Liu CH (2017) The mycobacterial
phosphatase PtpA regulates the expression of host genes and pro-

motes cell proliferation. Nat. Commun. 8: https://doi.org/10.1038/
s41467-017-00279-z

Wong D, Bach H, Sun J, Hmama Z, Av-Gay Y (2011) Mycobacterium tu-
berenlosis protein tyrosine phosphatase (PtpA) excludes host vacuolar-
H+-ATPase to inhibit phagosome acidification. Proc. Natl. Acad. Sci.
U. §. A. 108: 19371-6. https://doi.org/10.1073/pnas.1109201108

World Health Organization (2018) Global Tubercolusis Report

Zhang D, Lin Y, Chen X, Zhao W, Chen D, Gao M, Wang Q, Wang
B, Huang H, Lu Y, Lu Y (2019) Bioorganic Chemistry Docking-
and pharmacophore-based virtual screening for the identification of
novel Mycobacterinm tuberculosis protein tyrosine phosphatase B (Mpt-
pB) inhibitor with a thiobarbiturate scaffold. 85: 229-239. https://

doi.org/10.1016/j.bioorg.2018.12.038


https://doi.org/10.1002/JLB.4MR0717-277R
https://doi.org/10.1002/JLB.4MR0717-277R
https://doi.org/10.1242/jcs.050443
https://doi.org/10.1242/jcs.050443
https://doi.org/10.1093/femspd/fty037
https://doi.org/10.1093/femspd/fty037
https://doi.org/10.1038/s41467-017-00279-z
https://doi.org/10.1038/s41467-017-00279-z
https://doi.org/10.1073/pnas.1109201108
https://doi.org/10.1016/j.bioorg.2018.12.038
https://doi.org/10.1016/j.bioorg.2018.12.038

