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Abstract Tuberculosis still remains one of the most deadly
infectious diseases. The emergence of drug resistant strains
has fuelled the quest for novel drugs and drug targets for its
successful treatment. Thymidine monophosphate kinase
(TMPK) lies at the point where the salvage and de novo
synthetic pathways meet in nucleotide synthesis. TMPK in
M.tb has emerged as an attractive drug target since blocking
it will affect both the pathways involved in the thymidine
triphosphate synthesis. Moreover, the unique differences at
the active site of TMPK enzyme in M.tb and humans can be
exploited for the development of ideal drug candidates.
Based on a detailed evaluation of known inhibitors and
available three-dimensional structures of TMPK, several
peptidic inhibitors were designed. In silico docking and
selectivity analysis of these inhibitors with TMPK from M.
tb and human was carried out to examine their differential
binding at the active site. The designed tripeptide, Trp-Pro-
Asp, was found to be most selective for M.tb. The ADMET
analysis of this peptide indicated that it is likely to be a
drug candidate. The tripeptide so designed is a suitable lead
molecule for the development of novel TMPK inhibitors as
anti-tubercular drugs.

Keywords Drug design .Molecular docking .M.tb . Peptide
inhibitor . Thymidine monophosphate kinase

Introduction

Mycobacterium tuberculosis (M.tb) is the main causative
agent for tuberculosis (TB) in humans. It is the most
prevalent infectious disease and remains the leading cause
of fatalities amongst them [1]. Chemotherapy with four
front-line drugs (rifampicin, isoniazid, pyrazinamide and
ethambutol) for at least six months, due to the absence of an
effective vaccine, still remains the existing treatment
regimen [2]. The deadly synergy of M.tb with HIV coupled
with increasing drug resistance has become the latest public
health concern around the world [3]. This scenario has
made it imperative to identify new drug targets and develop
novel anti-TB drugs that shorten the long duration for
effective drug therapy [4, 5]. Thymidine monophosphate
kinase of M.tb (TMPKmt) is one such recent potential target
which has gained immense significance for the develop-
ment of anti-TB drugs.

TMPK (EC 2.7.4.9) is the last specific enzyme in the
pyrimidine biosynthetic pathway and catalyses the ATP-
dependent reversible phosphorylation of deoxythymidine
5′monophosphate (dTMP) into deoxythymidine 5′diphos-
phate (dTDP) [6]. It is situated at the junction of de novo
pathway (deoxyuridine monophosphate into dTMP by
Thymidylate synthase) and salvage pathway (deoxythymi-
dine into dTMP by Thymidine kinase) for the synthesis of
deoxythymidine 5′triphosphate (dTTP) which is essential
for DNA replication. Thus, TMPKmt is crucial for cell
proliferation as well as survival of the organism [7].

The nucleoside analogues 3′-deoxythymidine (dT) and
3′-azedo-deoxythymidine (AZT) are direct inhibitors of
TMPKmt with moderate inhibition (Ki value of 27 μM and
28 μM respectively) having seven-fold and 16-fold selec-
tivity over human TMPK (TMPKh), respectively [8, 9].
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Several pyrimidine and purine nucleotide analogues have
also been developed and their inhibitory activities studied
[10–18]. A major challenge in anti-tubercular drug design is
the low permeability of the mycobacterial cell wall for
phosphorylated nucleosides which are at the same time
highly prone to degradation by serum phosphatases.
Moreover, the N-glycosidic linkage between ribose sugar
and thymine base is susceptible to cleavage by human
thymidine phosphorylase [19]. Several novel compounds
have been identified using structure-based design approach
by replacing sugar moiety of nucleoside analogues with
benzyl group, naphthalimide, naphtholactam or naphtho-
sultam [20, 21]. The rational approach based on virtual
screening method with Maybridge compounds database has
identified three novel compounds with minimal inhibitory
concentration (MIC) of 3.12 μM [22]. The best reported
inhibitor so far has potency in lower micro-molar range and
most of the identified inhibitors for TMPKmt do not
possess good selectivity index (SI). Therefore, there exists
an urgent need for the inhibitor with high affinity and
selectivity for TMPKmt.

TMPKmt and TMPKh belong to the Nucleoside mono-
phosphate kinase (NMPK) family and despite their low
sequence identity both have similar structural features
which comprises the Rossman fold. Their enzymatic action
depends on the conformations adopted, open, partially
closed or closed, by them. The variation in the conforma-
tion of the protein is due to movement of P-loop and LID
region based on the presence or absence of substrates. The
deviation in the P-loop and LID region is limited in
TMPKmt whereas in TMPKh it can adopt open, partially
closed or closed conformations. TMPKmt is found in
closed conformation in the presence of dTMP and absence
of ATP (a SO4

2- or acetate ion occupies the β–phosphate
position of ATP) [23–25] while in TMPKh, it has a partially
closed conformation even in the presence of dTMP and
ATP [26–28]. The TMPKmt unlike TMPKh requires the
transient binding of a magnesium ion for the phosphate
transfer to take place [23–28]. The magnesium ion is
required for the proper positioning of catalytic residues
through polar interactions with the key residues in the
P-loop (Asp9) and LID region (Asp163) leading to closed
conformation of TMPKmt. The 3′azidodeoxythymidine
monophosphate (AZTMP) inhibits TMPKmt as its azido
group replaces the magnesium ion while it is a substrate for
TMPKh [25, 27]. Though their binding sites are highly
conserved, there are few crucial differences among the
binding sites residues in the TMPKmt and TMPKh. The
residues in TMPKmt binding site are Arg14, Tyr39 and
Asn100 while the corresponding residues in TMPKh are
Ser20, Arg45 and Gly102, respectively. Hence, these
structural and functional differences can be exploited to
design selective inhibitors for TMPKmt.

In an effort to identify more potent and selective
inhibitors of TMPKmt, we have undertaken a study of
small peptide inhibitors as potential lead compounds. Based
on the crystal structures of TMPKmt complexed with
AZTMP (PDB Id: 1W2H) [25] and TMPKh complexed
with AZTMP (PDB Id: 1E99) [27], the rational structure-
based approach has been employed for designing a set of
small peptides. Docking and scoring of these peptides using
Discovery Studio (DS) 1.7 have led to the identification of
more potent as well as more selective inhibitors for
TMPKmt as compared to the inhibitors proposed so far.

Materials and methods

The starting point for the computational studies was the
X-ray crystal structure of TMPKmt complexed with
AZTMP [PDB Id: 1W2H] [25]. All computations were
carried out using the software DS 1.7 [29].

Receptor setup

The target protein TMPKmt [PDB Id: 1W2H] and TMPKh
[PDB Id: 1E99] from the Protein Data Bank (PDB) was
taken without the crystallographic water molecules [30], the
ligand AZTMP was extracted and hydrogens added. The
positions of the hydrogen atoms was optimized using the all
atom CHARMm (version-c32b1) forcefield [31, 32] and the
adopted basis set Newton Raphson (ABNR) method with
distance-dependent dielectric model until the root mean
square (r.m.s) gradient was less than 0.05 kcal mol−1 Å−1.
The minimized protein was defined as the receptor using
the binding site module. The volume of the ligand method
modified to accommodate all the important interacting
residues in the active site of TMPKmt was used to define
the binding site. The input site sphere was defined over the
site, with a radius of 5 Å from the centre of binding site.
The protein, thus characterized, was taken as the target
receptor for the docking procedure.

Ligand setup

Using the build-and-edit module of DS 1.7, the peptide of
the desired sequence with a protonated amino group and a
deprotonated carboxyl group was built; all atom CHARMm
forcefield parameterization was assigned and then mini-
mized using the ABNR method. A conformational search
of the peptide was carried out using a simulated annealing
molecular dynamics approach. The ligand was heated to a
temperature of 700 K and then annealed to 200 K. Each
simulation lasted for 5 ps. Thirty cycles were carried out
sequentially using the output of the previous cycle. The
conformation obtained at the end of each cycle was further
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subjected to local energy minimization by employing ABNR
method. The 30 energy minimized structures were then
superimposed and the lowest energy conformer in the major
cluster was taken to be the most probable conformation.

Docking and scoring

The LigandFit [33] docking protocol was used to dock the
ligands with TMPKmt and TMPKh. The LigandFit docking
algorithm combines a shape comparison filter with a Monte
Carlo conformational search to generate docked poses
consistent with the binding site shape. These initial poses
are refined by rigid body minimization of the ligand with
respect to the grid-based calculated interaction energy using
the Dreiding forcefield [34]. The receptor protein was kept
fixed during docking. The docked poses were further
minimized using all-atom CHARMm (version c32b1)
forcefield and smart minimization method (steepest descent
followed by conjugate gradient) until the r.m.s gradient for
potential energy was less than 0.05 kcal mol−1 Å−1. The
atoms of ligand and the side chains of the residues of the
receptor within 5 Å from the center of the binding site were
kept flexible during minimization.

The final step in docking is the scoring of the refined
docked poses. This was done using the “score ligand poses”
protocol wherein the LUDI III score [35–37] was used to
score the refined poses. The ligand pose which corre-
sponded to the highest LUDI III score was taken as the best
docked pose [38].

ADMET analysis

The advent of predictive tools for screening of absorption,
distribution, metabolism, excretion and toxicity properties
(ADMET) of drugs has revolutionized the drug discovery
process. This technology enables filtering of weak drug
candidates. This elimination in early drug discovery process
helps to decrease the number of drug failures in the clinical
trials. Traditionally these predictive tools were applied at
the end of the drug discovery process, but are now utilized
during the initial phase of drug development. The removal
of molecules with poor pharmacokinetic properties in the
early stage leads to significant cost savings. The ADMET
descriptor and TOPKAT protocol available in DS 1.7 were
used to predict these properties. The Lipinski’s rule of 5
was also used to determine the biological activity or drug-
likeness of the designed inhibitor [39, 40].

Molecular dynamics

In order to check whether the designed inhibitor remains
bound in the presence of explicit solvent, a molecular
dynamics (MD) simulation was carried out on a fully

hydrated model using explicit spherical boundary with
harmonic restraint.

The final receptor-ligand complex was first solvated
using the explicit solvent model. The standard dynamics
cascade protocol [41] available in DS 1.7 was used with a
time step of 1 fs. The energy minimization of the hydrated
model was the first step in the MD simulation. The
backbone of the refined receptor was kept fixed. The
minimized hydrated complex was then subjected to a MD
simulation in three stages. In the first stage the temperature
of the system was raised from 50 to 300 K over 2 ps. Next
the system was equilibrated for 20 ps, and finally the
production run was carried out for another 150 ps.

Results and discussion

Validation of the docking methodology

The docking protocol was first validated with already
known structures available in the PDB (PDB Id: 1W2H
and 1G3U) [23, 25]. A deviation observed in the
conformation of the docked ligand on superimposition
with that from the crystal structure is used to verify the
docking protocol. The correlation between the predicted
and experimental binding affinity (Ki) and position of the
docked ligand produced by the program to that observed
in the crystal structure validates the experimental and
theoretical data. A successful scoring function is the one
in which the root mean square (r.m.s.) deviation of the best
docked pose is less than 2 Å from the experimental one.
Hence, both the known inhibitor AZTMP and natural
substrate dTMP were docked in the dTMP binding site of
TMPKmt after extracting the ligand from the crystal
structure. The docked pose having the highest LUDI III
score gave the least r.m.s. deviation with respect to the
crystal conformation for both the ligands. The LUDI III is
an empirical scoring function which is used to predict the
binding affinity of the ligands when complexed with the
protein. It is based on the free energy of binding (LUDI III
score=−100 logKi and logKi=-ΔG /2.303 RT) and has a
standard error of 1.75 kcal mol−1. The corresponding error
in the estimated binding affinity using LUDI III scoring
function can vary up to 20 times the experimental value of
binding affinity [37].

The orientation and position of dTMP (Fig. 1a) and
AZTMP (Fig. 1b) in both crystal structure and docked
structure are seen to overlap with a positional r.m.s.
deviation of 1.6 Å and 1.3 Å respectively. The predicted
binding affinity (Ki) of AZTMP for TMPKmt using LUDI
III scoring function was found to be 8.13 μM which is in
good agreement with the observed Ki value of 10 μM [42].
In the case of dTMP, the binding affinity was found to be
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1.3 μM which agrees with the experimental Km value of
4.5 μM [12].

The validation of the docking methodology was also
carried out for the inhibitor AZTMP with TMPKh. The
superposition of the docked AZTMP and that observed in
the crystal structure gave an r.m.s. deviation of 1.2 Å
indicating a good overlap of these two positions (Fig. 1c).
The predicted Ki value of 24 μM agrees with the observed
value of 12 μM [28]. Thus, these results validated the
docking and scoring methodology used.

Design of a peptide inhibitor and docking of the designed
inhibitor with TMPKmt

Most of the reported inhibitors of TMPKmt contain an
aromatic ring (Fig. 2a). Moreover, it has also been
consistently observed in the available crystal structures of
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Fig. 1 Docked position of (a) dTMP in TMPKmt, (b) AZTMP in
TMPKmt and (c) AZTMP in TMPKh (red, ball-and-stick) super-
imposed on the crystal structure position (blue, ball-and-stick) in
respective TMPK (yellow, cartoon) showing the selected active site

residues (ball and stick and colored by atom type). Hydrogen bonds
are shown as black, dotted lines. All figures were produced using
PyMol v0.99 [45]

Fig. 2 a) Chemical structure of dTMP, substrate of TMPK and known
inhibitor AZTMP of TMPKmt b) Chemical structure of the designed
peptides for TMPKmt

b
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TMPKmt complexed with inhibitors that the aromatic ring
of the inhibitor has stacking interactions with Phe70 (a
highly conserved residues among TMPKs). The substitu-
tion of thymidine analogue with 5’ thiourea substituted
sugar increases the affinity and selectivity for TMPKmt
over other classical analogues [15]. Recently, inhibitors
having higher affinity for TMPKmt have been developed by
replacement of sugar moiety with naphthyl moiety and
introducing a spacer with cis double bond in thymidine
using rational design approach [21]. Modeling studies

predicted that the higher affinity was due to increased
aromatic interactions of cis double bond of spacer with
Tyr103 and Tyr165, edge-to-face stacking interactions of
naphthosultam ring with Tyr39 and the presence of an
additional hydrogen bond with guanidium group of Arg95
[21]. Thus, several tripeptide sequences containing at least
one aromatic amino acid residue were designed. Each of the
tripeptide was docked after a conformational search as
described in methods. A list of the sequences of designed
peptide along with their corresponding predicted activities
and their chemical structure are given in Table 1 and
Fig. 2b respectively. The highest affinity with Ki value of
18.2 picomolar (pM) was observed with the tripeptide
sequence NH3+-Trp-Pro-Asp-COO― (WPD).

The final docked position of the designed inhibitor is
shown in Fig. 3, and the list of contacting residues (up to
4 Å) is given in Table 2. The tripeptide {represented by
(P)} occupies a position in the binding site pocket of the
protein similar to AZTMP (Fig. 3a). Additionally it extends
into the ATP binding pocket occupying it partially. Thus,
the designed tripeptide covers a larger area of the binding
pocket. A number of hydrogen bonds were observed
between WPD and TMPKmt. The N-terminal of the
designed inhibitor (WPD) forms hydrogen bonds with side
chain of residues Asp163 and Glu166 of LID region. The
carboxy-terminal forms a network of hydrogen bonds with
the backbone nitrogen atoms of P-loop residues (Gly10,
Ala11, Gly12) and side chain nitrogen of Lys13 (Fig. 3b).
The OD1 and OD2 of Asp (P) form hydrogen bonds with
Arg14 guanidium moiety. The backbone oxygen of Pro (P)
also forms hydrogen bonds with side chain atoms of Asp9
and Arg95 similar to that observed in dTMP and AZTMP.
The aromatic ring of Trp (P) has face-to-face π-π
interactions with conserved residue Phe70. In addition, it
has edge-to-face aromatic interactions with side chain of
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D9

V8
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P2 (P)

D3 (P)

P-loopP-loop LID

a b

Fig. 3 a) Final docked position of the designed peptide inhibitor,
WPD (blue, ball-and-stick) superimposed on AZTMP (magenta, ball-
and-stick) complexed with TMPKmt. The coloring and rendering are

similar to Fig. 1 b) Final docked complex of TMPKmt with the
designed inhibitor, WPD (ball-and-stick, colored by atom type)

Table 1 Peptide sequences and their predicted activity

Predicted Kd value (μM) for binding with

Peptide sequence TMPKmt TMPKh

WYD 0.0063 0.21

WYE 0.00014 0.12

WPD 0.000018 0.43

WPE 0.0078 0.0037

YPD 0.046 0.58

YPE 0.02 6.2

WYY 0.00051 0.060

WPY 0.0068 0.17

WYP 0.00019 0.12

WPW 0.00091 0.024

YPY 0.0040 0.21

YPW 0.028 0.00047

WYS 0.054 1.7

WPS 0.0025 0.025

WPT 0.0047 0.014

WYT 0.000087 0.0081

YPS 0.15 0.72

YPT 0.076 1.0
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Tyr103. Hence, the designed inhibitor forms a greater
number of interactions than the conserved interactions
present in the dTMP and AZTMP with TMPKmt. These
additional interactions are reflected in the lower docking
energy (−266.87 kcal mol−1) (Table 2).

Molecular dynamics simulation of a fully hydrated model
of the final docked complex

The effect of solvent on the binding of the designed peptide
inhibitor was studied by a MD simulation of a fully
hydrated model. During the production phase of 150 ps
following the initial heating and equilibration phases, the
total energy and the simulation temperature were found to
remain steady with little fluctuation. The snapshots of the
dynamics trajectory at 0, 25, 50, 75, 100, 125 and 150 ps of
the production run are shown in Fig. 4, while the
corresponding interaction energies and interaction sets have

been provided in Table 3. Table 4 gives the selectivity of
designed ligand.

The results indicate that the ligand as a whole moves
into a more stable position with a lower docked energy than
the initial starting point in the presence of explicit solvent
molecules (Table 3). There was no significant difference in
the binding position and conformation of designed inhib-
itor, WPD, except for a slight change in the position of Pro
(P) after molecular dynamics simulation. The N-terminal
nitrogen of the ligand moves toward Asp163 and forms an
additional hydrogen bond with OD1 keeping the initial
hydrogen bond with OD2 of Asp163 and OD2 of Glu166
intact. This leads to additional non-polar interactions of Trp
(P) with Leu52. Similarly, the backbone nitrogen of Pro (P)
forms a hydrogen bond with OD1 of Asp9 which was not
observed earlier. The hydrogen bond of carboxy-terminal
oxygen with backbone nitrogen of Val8 was retained only
after 100 ps of production phase while the remaining

Table 2 Docking of various known ligands with TMPKmt and TMPKh

Ligand Docked
with

Docked energy (kcalmol−1) Contacting residues (up to 4.0Å) in final docked position (hydrogen bonded
residues are highlighted in bold)

Steric Electrostatic Total

dTMP TMPKmt −29.06 −126.78 −155.84 D9, K13, R14, F36, P37, F70, R74, R95, S99, N100, Y103, Y165

AZTMP TMPKmt −37.48 −80.18 −117.66 D9, K13, R14, F36, P37, Y39, F70, R74, D94, R95, Y96, S99, N100, D163,
Y165, E166

WPD TMPKmt −28.97 −237.90 −266.87 V8, D9, G10, A11, G12, K13, R14, P37, F70, R95, Y103, D163, Y165, E166

AZTMP TMPKh −31.99 −86.63 −118.62 F42, P43, R45, L57, F72, R76, R97, Y98, S101, F105, E149, Y151, E152, Q157

WPD TMPKh −17.81 −149.46 −167.27 S20, R41, F42, P43, R45, L57, R97, F105, E149, Y151, E152, ADP

F70

Y165

Y103

L52

D163 E166

V8

R95

K13

A11

R14

W1 (P)

P2 (P)

D3 (P)

D9

Fig. 4 Molecular dynamics tra-
jectory for the docked complex.
Snapshots of the designed pep-
tide and the TMPKmt active site
residue conformers extracted
from the production dynamics
trajectory at the time intervals of
0, 25, 50, 75, 100, 125, and
150 ps. The peptide is shown in
thin stick and binding site resi-
dues are shown as lines
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hydrogen bonds present before simulation were retained
throughout dynamics simulation. The backbone of the
ligand, which was allowed to vary in the simulation, is
fairly stable and the interaction involves residues Asp9,
Lys13 and Arg95 being retained throughout. Thus, the
designed inhibitor remains bound in the presence of the
explicit solvent.

Selectivity of the designed inhibitor

The selectivity of the designed peptide inhibitor for TMPKmt
was checked by docking it with TMPKh [PDB Id: 1E99].
The designed tripeptide (WPD) is involved in a network of
16 hydrogen bonds with ten residues in the case of TMPKmt
while only nine hydrogen bonds with five residues of
TMPKh were observed. The N-terminal of the tripeptide
forms hydrogen bonds with side chain atoms of Arg97,
Glu149 and Glu152 in TMPKh similar to that observed with
the corresponding residues Arg95, Asp163 and Glue166 in
TMPKmt (Figs. 5 and 3b). The difference in conformation of
the P-loop in TMPKmt and TMPKh may contribute
significantly toward the selectivity of the tripeptide for
TMPKmt. However, the carboxy-terminal does not form
any hydrogen bond in TMPKh due to the partially closed
conformation of P-loop unlike in TMPKmt where

the P-loop exists in the closed conformation and thus is able
to form a network of seven hydrogen bonds. The carbonyl
oxygen of Pro (P) forms a hydrogen bond with side chain
oxygen of Ser20 and side chain nitrogen of Arg97 in
TMPKh while it is hydrogen bonded to side chain nitrogen
of Lys13 and Arg95 in TMPKmt. The conformation adopted
by side chain atoms of Asp (P) in the two proteins was found
to be different. The alteration in conformation of Asp (P)
side chain can be attributed to the difference in nature of the
residues present in TMPKmt and TMPKh. The side chain of
Asp (P) folds back and forms two hydrogen bonds with the
side chain of Arg45 in TMPKh while this interaction is lost
due to the presence of corresponding residue Tyr39 in

Table 3 Fully hydrated dynamics simulation results of docked complex TMPKmt - WPD

Docked energy of ligand (kcalmol−1) With solvent and enzyme With enzyme only

Time
(ps)

Steric Electrostatic Total Steric Electrostatic Total Contacting residues (up to 4.0Å) (hydrogen bonded
residues are highlighted in bold)

0 −27.87 −528.28 −556.15 −35.06 −726.68 −761.74 V8, D9, G10, A11, G12, K13, R14, L52, F70, R95, Y103,
D163, Y165, E166

25 −27.19 −553.67 −580.86 −30.13 −782.68 −812.81 V8, D9, G10, A11, G12, K13, R14, L52, F70, R95, Y103,
D163, Y165, E166

50 −24.99 −566.92 −591.91 −31.45 −811.62 −843.07 V8, D9, G10, A11, G12, K13, R14, L52, F70, R95, Y103,
D163, Y165, E166

75 −23.84 −540.78 −564.62 −25.13 −771.94 −797.07 V8, D9, G10, A11, G12, K13, R14, L52, F70, D94, R95,
Y103, D163, Y165, E166

100 −24.17 −556.42 −580.59 −28.75 −814.17 −842.92 V8, D9, G10, A11, G12, K13, R14, L52, F70, R95, Y103,
D163, Y165, E166

125 −23.88 −550.02 −573.90 −27.23 −782.28 −809.51 V8, D9, G10, A11, G12, K13, R14, L52, F70, D94, R95,
Y103, D163, Y165, E166

150 −29.50 −556.34 −585.84 −29.98 −787.76 −817.74 V8, D9, G10, A11, G12, K13, R14, L52, F70, R95, Y103,
D163, Y165, E166

Table 4 Selectivity of designed ligand (WPD)

Target Corresponding Kd value at 298K
(nM)

Selectivity
ratio

1 TMPKmt 0.02 1

2 TMPKh 426 21300

F72

L57

F105

E149

E152

R97

S20

P-loop LID

W1 (P)

P2 (P)

D3 (P)

R76

Fig. 5 Final docked position of the designed peptide inhibitor, WPD
(red, ball-and-stick) with TMPKh
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TMPKmt (Figs. 5 and 3b). The docking energy obtained was
also higher (−167.27 kcal mol−1) as compared to TMPKmt
(−266.87 kcal mol−1) (Table 2) and the predicted Ki value is
0.43 μM. Thus the modeling studies predict the tripeptide
WPD to be more than 21,000-fold selective for TMPKmt
over TMPKh.

The ADMET predictions indicate that the tripeptide is
likely to have good oral bioavailability, absorption and
permeation as identified from Lipinski’s rule of five. It has
molecular weight of 415 Da, a calculated logP value of
0.59, three hydrogen bond donors and seven hydrogen
bond acceptors and satisfies all the criteria of Lipinski’s
“rule of 5” [39, 40]. Although peptides are generally known
to have undesirable pharmacokinetic properties, yet they
have provided novel lead compounds and, in several cases,
modified peptide analogues have been developed as drugs
[43]. Also, with recent advances in drug delivery techni-
ques, the opportunities for peptide drug development have
been significantly enhanced [44].

Conclusions

The overall fold of TMPKmt is similar to that of other
known TMPKs despite the low sequence identity which
ranges from 22–26%. Hence, we have exploited the
sequence and structural differences between TMPKmt and
TMPKh to design a potent and selective small peptide
inhibitor of TMPKmt using an in silico structure-based
approach. Docking studies indicate that the designed
tripeptide Trp-Pro-Asp has about 25,000 times higher
affinity than that of its natural substrate dTMP and it has
about 33,000 higher affinity than the best reported inhibitor
for TMPKmt. Thus the designed tripeptide, WPD, is a
suitable lead compound for the development of a novel
class of selective drugs for anti-tubercular therapy.
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