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Introduction

Mycobacterium tuberculosis is the causative
agent of tuberculosis that remains a serious medical and
social health problem now [1]. Despite intensive efforts
have been made in the past decade, there are no new
efficient anti-tuberculosis drugs today, and that need is
growing due to the spread of drug-resistant strains of
M.tuberculosis [2].

Mycobacterium tuberculosis urease (MTU), a
representative of a group of nickel-dependent
metalloenzymes (urea amidohydrolase, EC 3.5.1.5) [3-6]

[

produced by various bacteria [7-11], fungi [8, 12], and
plants [7, 8, 13]. Bacterial ureases have gained much
attention as a virulence factor in human and animal
infections [14-17]. Bacterial ureases are multimers of
three-subunits  (except Helicobacter pylori  which
comprises two-subunits), a-, B- and y-chains, which form a
heterotrimer afy. Three afy heterotrimers form quaternary
complex (ofy)s, homotrimer of heterotrimers (fig. 1). The
active site containing two Ni atoms is situated in the a-
subunit and is flanked by a flexible flap. The flap have been
shown to exist in closed, open and wide-open
conformations, respectively closing, opening and wide-
opening access to the active site, and thus playing a key
role in the control of urease activity [18-21].

MTU catalyses the hydrolysis of urea to get
ammonia and carbamate which then decomposes with
water to get ammonia and carbon dioxide. The

consequence of these catalytic reactions is an increase of
pH (i.e. alkalinizing of

Fig. 1 — Structure of bacterial urease. A — homotrimer of heterotrimers (apy)s. The homotrimers afy are
represented in different colors. B — sub-unit structure of the homotrimer of heterotrimers (afy)s. In each
heterotrimer, a, § and y sub-units are represented in different colors.

the environment) that is skillfully used by pathogenic
bacteria for their comfortable survival within the host
organism [22]. Thus, M. tuberculosis urease, being an
important factor of the bacterium viability and virulence, is
an attractive target for anti-tuberculosis drugs acting by
inhibition of urease activity. However, the commercially
available urease inhibitors, such as phosphorodiamidates,
hydroxamic acid derivatives and imidazoles are toxic and
unstable, that prevent their clinical use [23-25]. Therefore,
new more potent anti-tuberculosis drugs inhibiting new
targets are urgently needed. A powerful tool for the search
of novel inhibitors is a computational drug design [26-27].
The inhibitor design is significantly easier if binding sites
on the enzyme are identified in advance [28]. This paper
aimed to determine the probable ligand binding sites on the
surface of M. tuberculosis urease.
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Methods

Homology model of Mycobacterium tuberculosis
urease. In the absence of experimental structure of MTU,
to search the potential ligand-binding sites on the enzyme's
surface there was used MTU homology model built by us
earlier [29]. Briefly, the target amino acid sequence of
Mycobacterium tuberculosis H37Rv urease was retrieved
from GenBank at NCBI [30]. Potential modeling
templates were identified by runninig PSI-BLAST [31, 32]
to extract a  position-specific scoring matrix from
UniRef90 and then searching the PDB [33] for a match
with the target sequence. The templates were ranked based
on the alignment score and the structural quality according
to WHAT_CHECK [34] obtained from the PDBFinder2
database [35]. Amongst the top-scoring templates, five
high-resolution X-ray structures were selected for
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Klebsiella aerogenes, Sporosarcina pasteurii, and
Enterobacter aerogenes bacterial ureases with three-
subunit composition: 2KAU, 5G4H, 4UBP, 4CEU, and
4EPB. For each template five stochastic alignments were
created [36] using SSALIGN scoring matrices [37]. Then
for each alignment, a three-dimensional model was built
using loop conformation extracted from the PDB [38] and
the SCRWL side-chain placement algorithm [39].
Hydrogen bonding network was optimized [40]. Each
model was energy minimized with explicit water
molecules using Yasara2 force field [41], and the models
were ranked by quality Z-score. The best scoring model
was further refined by running a 500 ps molecular
dynamics simulation using Yasara2 force field. During the
simulation, snapshots were saved every 25 ps and rated
according to the quality Z-score. The model with highest
quality score was chosen as a final homology model of 3D
structure for M. tuberculosis urease.

Mapping of M. tuberculosis urease surface by
FTSite. To identify ligand binding sites on MTU surface,
computational solvent mapping algorithm FTSite was
applied through the online server [42, 43]. The FTSite
method is based on the concept of “hot spots”, the regions
of protein binding sites that are major contributors to the
binding free energy and, hence, are prime targets in drug
design [42-45]. The method places molecular probes -
small organic molecules containing various functional
groups — on a dense grid defined around the protein, and
for each probe finds favorable positions by rigid body
search using empirical free energy functions. This step uses
the fast Fourier transform correlation approach to sample
billions of probe positions on translational and rotational
grids, consisting of 0.8 A translations and of 500 rotations
at each location. Further, the selected poses are refined by
free energy minimization using the more accurate free
energy potential, the low energy conformations are
clustered, and the clusters are ranked on the basis of the
average free energy [28, 42, 43]. To determine the hot
spots, there are found consensus sites (CSs), i.e. regions on
the protein that bind several different probe clusters, and
these sites are ranked by the number of nonbound contacts
between the protein and all probes in the consensus cluster.
The consensus cluster with the highest number of contacts
is ranked first; nearby consensus clusters are also joined
with this cluster. The amino acid residues in contact with
the probes of this newly defined cluster constitute the top
ranked predicted ligand binding site. Clusters with fewer
contacts define lower ranked predictions [43]. The 16
probe molecules that represent fragments of drug
molecules with diverse hydrophobic and hydrophilic
properties are benzene, cyclohexane, ethane, ethanol,
isopropanol, isobutanol, acetone, acetaldehyde, dimethyl
ether, acetonitrile, urea, methylamine, phenol,
benzaldehyde, acetamide and N, N-dimethylformamide.
To evaluate the clusters of bound probe molecules, there
were used energy functions that account for nonbonded van
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der Waals and electrostatic interactions, as well as
solvation effects [28, 42, 43]. FTSite server outputs the
protein residues delineating a binding sites and the probe
molecules representing each cluster in a consensus site.

Mapping of M. tuberculosis urease surface by
AlloPred and AlloSite. AlloPred is a novel method to
predict allosteric pockets on proteins [46] which uses the
normal mode analysis (NMA) [47]. AlloPred models how
the dynamics of a protein would be altered in the presence
of a modulator at a specific pocket. This method assumes
nothing about the shape of the modulator, and determines
only how it affects the flexibility of the whole pocket to
which it binds. Pockets on the protein were first predicted
using the Fpocket algorithm [48], which locates pockets
using Voronoi tessellation and alpha spheres. The normal
modes of the protein were then calculated using the elastic
network model [49], except the spring constant of any atom
pair including a residue in a chosen pocket was set to be a
higher value. To model the reduction in flexibility of
allosteric pocket on modulator binding, the unperturbed
normal modes were first calculated for the protein. The
calculation was then repeated, each time perturbing one of
the pockets in the protein. These results were combined
with output from Fpocket in a support vector machine
(SVM) to predict allosteric pockets on proteins. AlloPred
is available through a web server [46].

The AlloSite server [50] is similar to the AlloPred
method in that it uses the Fpocket algorithm to elucidate
allosteric pockets, whereas AlloPred uses an approach that
combines flexibility with the Fpocket output. A
combination of methods may give better predictions than
either method individually [46].

Results and discussion

Homology model of M. tuberculosis urease.
Homology model of MTU is a nonamer consisting of 2349
residues (fig. 2). Three subunits of MTU (a, B, and y) form
a quaternary complex, heterotrimer afy. Three offy
heterotrimers form homotrimer of heterotrimers (afy)s. To
distinguish between different heterotrimer’s chains (afy)
in the homotrimer, the chains are further denoted as CBA,
FED, and IHG for aiP1y1, 02B2y2, and asPsys heterotrimers,
accordingly [30]. Subunit o contains the enzyme active site
at the bottom of deep channel flanked by a mobile flap
comprised of residues 524-545 that includes two a-helices
and a flexible loop between them. In our model, the flap is
in closed conformation. The channel into the active site’s
binding pocket lies on the border between two subunits, the
third subunit is situated on the other side of the channel
from the flap.

Ligand-binding sites on the surface of M.
tuberculosis urease. FTSite server outputs only three top
ranked probable binding sites. Binding sites 1, 2 and
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Fig. 2 —Structure of MTU homotrimer of heterotrimers (afy)s. Heterotrimers, CBA, FED, and IHG, are colored

in green,

yellow and pink, respectively. The flaps consist of two a-helices (blue) and a flexible loop

(red). Ni atoms and their coordinated residues are red- and cyan-colored, respectively

3 identified by FTSite on the nonamer M. tuberculosis
urease structure are described in Table 1 and shown in figs.
3 and 4. Site 1 contains probe clusters of acetamide,
cyclohexane and ethane, while site 2 contains cyclohexane,
acetone, benzaldehyde, benzene, tert-butanol, dimethyl
ether, phenol, N,N-dimethylformamide, and isopropanol
clusters. Site 3, being a symmetrical equivalent of sites 1
and 2 (fig. 3 and 4), contains probe clusters identical with

ones in site 2 and acetonitrile as well. Site 2 is joined to site
1, and their probe clusters are very close to each other
indicating the potentially more extended ligand binding
site. Interestingly, the top ranked predictions are very close
to the entrance of deep pocket (fig. 5 A-C). The clustering
of small molecular probes in such regions may suggest that
the amino acid residues involved are likely the

Table 1. Probable binding sites on M. tuberculosis urease identified by FTSite.

Site Description Surrounding residues
1 Situated at the interface between chains C and A, and Met 1G, Arg 2G, His 32A, lle 36A,
chain G of neighbour trimer. Phe 655C, GIn 685C,
Val 687C
5 Similarly to site 1, situated at the interface between Leu 77A, Glu 79A, Val 80A,
chains C and A, but closer to the active center than site GIn 81A, Thr 683C, Pro 684C,
1. GIn 685C
3 Situated in the symmetrical trimer. Contains only Arg 2D, lle 36D, Glu 79D,Val 80D, GIn 81D,
residues equivalent to ones in sites 1 and 2. Thr 683F, Pro 684F,
GlIn 685F, Val 687F

* - Residues that coincide with ones of ancillary pocket are underlined.
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Fig. 3 - Binding sites of M. tuberculosis urease identified by FTSite: sites 1, 2 and 3 are colored in pink, chartreuse-
green and light-blue, respectively. Ni atoms are colored in red.
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Fig. 4 — Enlarged view at MTU binding sites identified by FTSite. A — Sites 1 and 2 with consensus clusters of
bound probes, the flap and Ni atoms. B — Site 3 with consensus clusters of bound probes, the flap and Ni
atoms. Sites 1, 2 and 3 are colored in pink, chartreuse-green and light-blue, respectively. Atoms of probe
molecules are colored in cyan (carbon), blue (nitrogen), red (oxygen), and white (hydrogen). Ni atoms are

colored in green, the flap is colored in red (turn) and blue (helixes).
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A

Fig. 5 — Enlarged view at MTU binding sites 1 and 2 and their location in the binding pocket (MTU structure is
hidden for clarity). A — Sites 1 and 2 with consensus clusters of bound probes, as well the flap and Ni
atoms. B — D — the same as in A and MTU molecular surface: B — surface transparency 75 %, D —
overlapping of the surfaces of ancillary pocket and of entrance to the deep binding pocket. Sites 1 and 2
are colored in pink and chartreuse-green, respectively. Consensus clusters of probes are colored in orange
(site 1) and red-orange (site 2). Ni atoms are colored in red, the flap is colored in blue (helixes) and red
(turn). Ancillary pocket’s surface is cyan colored.

intermediate binding sites to be responsible for recruiting a
ligand to the binding site deeply buried in the protein [28,
42, 53]. In nonamer MTU structure, three top ranked
binding sites revealed by FTSite are beyond the enzyme’s
active sites (Table 1, fig. 3 and 4). Similar results were
observed while FTSite mapping of experimental Protein
Data Bank structures of ureases having flaps in closed
conformation as well as MTU (2KAU, Klebsiella
aerogenes urease, and 3UBP, Sporosarcina aerogenes
urease). When we similarly mapped the PDB structures of

ureases with open flaps, the three top ranked binding sites
were located exactly in the three active sites of urease
nonamer as for example in 2UBP structure of Sporosarcina
aerogenes urease shown in fig. 6 (compare with fig. 3).

Fig. 6 - Binding sites of Sporosarcina aerogenes urease (2UBP) identified by FTSite: sites 1, 2 and 3 are colored in
pink, chartreuse-green and light-blue, respectively.
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The result is expectable because the enzyme's active sites
are known to be the sites of the most tight ligand binding,
and these binding sites are accessible while the flap is open.
When the flap closes the binding pocket, the ligand binding
can occur on the other sites of enzyme. It is interesting in
this regard that recently Roberts B. P. et al. noted a region
of Klebsiella aerogenes urease binding pocket, an ancillary
pocket, which remains open and, consequentally, solvent
exposed even while the flap is closed [19]. The function of
this pocket was unknown, and the authors hypothesized
that it may be a substrate/product reservoir (an analogue of
the above “intermediate binding” site [28, 42]) or a site for
allostery binding. By comparing the structure and sequence
of K.aerogenes urease with three other ones from H. pilori,
Bacillus. pasteurii, and jack bean, Roberts B. P. et al. found
that the ancillary pocket exists in all four ureases and the
amino acid residues of ancillary pocket are less conserved,
on average, than in the enzyme at large and in particular in
the flap, which is more highly conserved. The later feature
of ancillary pocket’s residues is characteristic for allosteric
sites which may represent a novel drug target being more
diverse and, consequently more selective than classic

orthosteric sites [51, 52 ]. The allosteric sites hold especial
interest since our preliminary studies indicated the
possibility to develop supramolecular inhibitors which are
not the substrate inhibitors of urease (unpublished). So we
compared the locations of MTU ancillary pockets and
binding sites 1, 2 and 3 revealed by FTSite and found that
the binding sites on MTU partially overlap with its
ancillary pockets (fig. 7 and Table 1). Sites 1 and 2
comprise 3 and 2 residues of ancillary pocket, respectively.
Site 3 comprises 3 ancillary pocket's residues which are
equivalent to ones in sites 1, 2. As can be seen from fig.
5D, the probe clusters of sites 1 and 2 are located at
ancillary pocket too. To further explore whether the
revealed MTU binding sites may be the potential allosteric
sites, we carried out the search for probable sites of
allostery binding on MTU surface by AlloPred and
AlloSite servers. The results of the search by AlloPred are
presented in Table 2 and fig. 8. Predicted allosteric site 0
(in accord with AlloPred’s output numbering) consists of
39 residues. It contains 2 residues

Fig. 7 - Binding sites (identified by FTSite) and ancillary pockets of M. tuberculosis urease. A - Binding sites 1, 2
and 3 (colored in pink, chartreuse-green and light-blue, respectively) and ancillary pockets (colored in
cyan). Active site’s Ni atoms are colored in red. B, C — Shown separately, binding sites 1-3 and Ni atoms
(B), and binding sites 1-3, Ni atoms and ancillary pockets (C). (MTU structure is hidden for clarity)
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which are equivalent to ones of FTSite’s site 1 and 1
residue common with ancillary pocket. Next site 1 is

ommited in Table 2 since it is situated around the central
hole of MTU nonamer far from sites of our interest and
appear to

Table 2. Probable allosteric sites of M. tuberculosis urease identified by AlloPred

Site* Description Surrounding residues
0 Situated at the interface | Arg 2A**, Leu 3A, Thr 4A, Pro 5A, His 6A, Thr 90A, Thr 343F,
between the chain Fand | Val 344F, Asp 345F, Glu 358F, Thr 359F, Ala 361F, Ala 362F,
chains A and C of Thr 364F, lle 570F, Gly 571F, Arg 579F, Val 580F, Gly 581F,
neighbour trimer. Glu 582F, Val 583F, Val 584F, Leu 585F, Tyr 623F, Trp 651F,
Gly 657F, Val 658F, Arg 659F, Pro 660F, His 661F, VVal 662F,
Val 663F, Trp 671F, Ala 672F, Ala 673F, Asn 678C, Val 687F***,
Pro 689F, Phe 781F
2 Situated at the interface | Arg 2G, Leu 3G, Thr 4G, Pro 5G, His 6G, GIn 8G, GIn 354C,
between the chain C and | Val 357C, Glu 358C, Ala 361C, Gly 581C, Glu 582C, Val 658C,
chains | and G of Arg 659C***, Pro 660C, His 661C, Val 662C, Val 663C, Trp 671C,
neighbour trimer. Ala 672C, Ala 673C, Asn 678I, Val 687C, Leu 688C, Pro 689C,
Arg 690C, Pro 691C, Phe 781C
3 Situated at the interface Thr 4D, His 6D, Arg 10D, Thr 85D, Thr 90D,
between the chain I and | Thr 3431, Asp 345I, Glu 3581, Ala 3611, Ala362l, Thr 3641, Arg 5791, Val 580I,
chain D of neighbour Gly 5811, Glu 582I, Val 5831, Val 5841, Leu 5851, Trp 651I, Gly 6571, Val
trimer. 6581, Arg 6591, Pro 6601, Phe781I
4 Situated at the interface Met 1G, Arg 2G, His 32A, Pro 33A, lle 36A, Met 76A, Leu 77A,
between chains C and A, | Glu 79A, Val 80A, GIn 81A, Arg 337C, lle 351F, Cys 352F, Pro 374F,
and chains F and G of Ala375F, Arg 579F, Glu 652C, Val 654C, Phe 655C, Arg 659C,
neighbour trimer. His 661C, Ala 672C, Ala 673C, Met 674C, Gly 675C, Asp 676C,
Ala 677C, lle 681C, Pro 682C, Thr 683C, GIn 685C, Val 687C,
Met 692C, Arg 779C, Tyr 780C

* - Sites are humbered in accordance with the AlloPred’s output. ** - Residues that coincide with (or equivalent to)
residues of sites 1-3 identified by FTSite are highlighted in bold. *** - Residues that coincide with ones of ancillary

pocket are underlined.

fulfill a very different function. Site 2 Consists of 28
residues of which 21 are common with site 0. It contains 2
residues which are equivalent with ones of FTSite’s site 1
and 5 residue common with ancillary pocket. Site 3
comprises 24 residues of which 21 are common with site 0.
It contains 2 residue common with ancillary pocket. Site 4
is located close to site 2 and partially overlaps with it. It

comprises 35 residues of which 7 are equivalent to ones of
site 0 and 4 are common with site 2. Site 4 includes all
residues of site 1 and all but one residues of site 2 revealed
by FTSite server, and contains 13 residues common with
ancillary pocket. Interestingly, AlloSite server predicted
the single allosteric site

Fig. 8 - MTU binding sites identified by AlloPred. MTU structure is hidden for clarity. A — Binding sites and the
active site’s Ni atoms. B — Overlapping of binding sites identified by AlloPred and by FTSite, and the
ancillary pockets. Ni atoms are colored in red. AlloPred’s sites 0, 2, 3 and 4 are colored in amethyst-grey,
blue, yellow and bordo, respectively. FTSite’s sites 1, 2 and 3 are colored in pink, chartreuse-green and
light-blue, respectively. Ancillary pockets are cyan colored.
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(not shown) that completely coincides with AlloPred’s site
0 (Table 2).

Thus, the MTU allosteric binding sites 0, 2, 3 and
4 predicted by AlloPred overlap with binding sites revealed
by FTSite (partially in case of sites 0, 2 and 3 and almost
completely in case of site 4) indicating their possible
function as allosteric sites.

Conclusions

By computational solvent mapping method
FTSite, we have explored M.tuberculosis urease nonamer
surface to find sites that tend to bind small organic
molecular probes representing fragments of drug
molecules with diverse hydrophobic and hydrophilic
properties. The predicted three top ranked binding sites
were situated at the interfaces between chains C and A, and
chain G of neighbour trimer (and at equivalent locations in
symmetrical trimers as well). A mapping of enzymes
generally yields the most probable sites situated in a subsite
of the enzyme active site [28, 53, 54]. This was not the case
for MTU which active sites were inaccessible for probes
due to the closed conformation of the covering flap, and
predicted binding sites were located not far from them at
the entrance into a deep pocket. To explore their possible
structural and functional role, we correlated the locations
of predicted MTU binding sites and its ancillary pockets
(which remain open and solvent exposed even while the
flap is closed) and indicated their partial overlapping. This
overlapping may suggest that predicted sites are likely the
intermediate binding sites responsible for recruiting a
ligand to another binding site deeply buried in the protein.
Further, to examine the possibility that predicted binding
sites are the sites for allostery binding we carried out the
search for probable sites of allostery binding on MTU
surface by AlloPred and AlloSite servers. Predicted
probable allosteric sites overlapped with binding sites
revealed by FTSite suggesting their possible function as
sites for allosteric binding.

Taken together, on the surface of M.tuberculosis
urease, there were revealed the probable ligand binding
sites that appear to be the sites of allosteric binding. They
may serve as promising targets for designing novel
allosteric  modulators as  receptor-selective  anti-
tuberculosis drugs. The search for such modulators is
underway in our laboratory.
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LIGAND-BINDING SITES ON THE
MYCOBACTERIUM TUBERCULOSIS UREASE
Lisnyak Yu. V., Martynov A.V.

Introduction. Mycobacterium tuberculosis is the
causative agent of tuberculosis that remains a serious
medical and social health problem. Despite intensive
efforts have been made in the past decade, there are no
new efficient anti-tuberculosis drugs today, and that need
is growing due to the spread of drug-resistant strains of
M.tuberculosis. M. tuberculosis urease (MTU), being an
important factor of the bacterium viability and virulence,
is an attractive target for anti-tuberculosis drugs acting by
inhibition of urease activity. However, the commercially
available urease inhibitors are toxic and unstable, that
prevent their clinical use. Therefore, new more potent
anti-tuberculosis drugs inhibiting new targets are urgently
needed. A useful tool for the search of novel inhibitors is
a computational drug design. The inhibitor design is
significantly easier if binding sites on the enzyme are
identified in advance. This paper aimed to determine the
probable ligand binding sites on the surface of M.
tuberculosis urease. Methods. To identify ligand binding
sites on MTU surface, computational solvent mapping
method FTSite was applied by the use of MTU homology
model we have built earlier. The method places molecular
probes (small organic molecules containing various
functional groups) on a dense grid defined around the
enzyme, and for each probe finds favorable positions. The
selected poses are refined by free energy minimization,
the low energy conformations are clustered, and the
clusters are ranked on the basis of the average free
energy. FTSite server outputs the protein residues
delineating a binding sites and the probe molecules
representing each cluster. To predict allosteric pockets on
MTU, AlloPred and AlloSite servers were applied.
AlloPred uses the normal mode analysis (NMA) and
models how the dynamics of a protein would be altered in
the presence of a modulator at a specific pocket. Pockets
on the enzyme are predicted using the Fpocket algorithm.
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To model the reduction in flexibility of allosteric pocket
on modulator binding, the unperturbed normal modes are
first calculated for the protein. The calculation is then
repeated, each time perturbing one of the pockets in the
protein. These results are combined with output from
Fpocket in a support vector machine (SVM) to predict
allosteric pockets on proteins. The AlloSite server is
similar to the AlloPred method in that it uses the Fpocket
algorithm to elucidate allosteric pockets, whereas
AlloPred uses an approach that combines flexibility with
the Fpocket output. Results and discussion. By
computational solvent mapping method FTSite, we have
explored M.tuberculosis urease nonamer surface to find
sites that tend to bind small organic molecular probes
representing fragments of drug molecules with diverse
hydrophobic and hydrophilic properties. The predicted
three top ranked binding sites were situated at the
interfaces between chains C and A, and chain G of
neighbour trimer (and at equivalent locations in
symmetrical trimers as well). A mapping of enzymes
generally yields the most probable sites situated in a
subsite of the enzyme active site. This was not the case
for MTU which active sites were inaccessible for probes
due to the closed conformation of the covering flap, and
predicted binding sites were located not far from them at
the entrance into a deep pocket. To explore their possible
structural and functional role, we correlated the locations
of predicted MTU binding sites and its ancillary pockets
(which remain open and solvent exposed even while the
flap is closed) and indicated their partial overlapping.
This overlapping may suggest that predicted sites are
likely the intermediate binding sites responsible for
recruiting a ligand to another binding site deeply buried in
the protein. To examine the possibility that predicted
binding sites are the sites for allostery binding we carried
out the search for probable sites of allostery binding on
MTU surface by AlloPred and AlloSite servers. Predicted
probable allosteric sites overlapped with binding sites
revealed by FTSite suggesting their possible function as
sites for allosteric binding. _Conclusions. On the surface
of M.tuberculosis urease, there were revealed the
probable ligand binding sites that appear to be the sites of
allosteric binding. They may serve as promising targets
for designing novel allosteric modulators as receptor-
selective anti-tuberculosis drugs.

Key words: Mycobacterium tuberculosis urease, anti-
tuberculosis drugs, allosteric binding, computational drug
design.
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