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Inhibitor of Nucleoside Hydrolase from

Non-competitive
Identified by Fragment-based Drug

Leishmania donovani
Discovery

M. A. Alves*®S, C. Nirma®, M. M. Moreira®, R. O. Soares™, P. G. Pascutti*®, F. No&l™', P. R. R.
Costa®, C. M. R. de Sant'Anna™", E. J. Barreiro™", L. M. Lima™, L. W. Tinoco®

Nucleoside hydrolase is an important target for the development of new leishmanicidal agents due its role for parasite
proliferation. Using the principles of the fragment-based drug discovery, a library of 111 fragments was assembled for
performing a screening by nuclear magnetic resonance using saturation transfer difference. Five fragments were selected
as ligands of Leishmania donovani nucleoside hydrolase (NHLd) and kinetics studies revealed that fragment 3 acts as a new
non-competitive inhibitor. Its binding mode was proposed by molecular docking, using a structural model of NHLd
constructed by homology. Intermolecular interaction between fragments 3 and 5 was showed by NOESY and docking

studies. These data could be used to design more potent NHLd inhibitors and aid to develop leishmanicidal drugs.
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1. Introduction

Trypanosomatids represent a family of protozoa that are not able to
make the purine synthesis, as other species of microorganisms. The
uptake of this auxotrophic nutrient is essential for parasite DNA and
RNA biosynthesis and proliferation. This dependence opened an
avenue for the development of new antitrypanosomatid agents”.
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Enzymes involved in the uptake of purines in parasites include
purine nucleoside kinases (HGPRTs) and purine ribohydrolases (i.e.
nucleoside hydrolases, NHs). Among these enzymes, NHs are the
most abundant ones. They have been identified and characterized
in several microorganisms like Trypanosoma brucei, T. cruzi, T.
gondii, Leishmania donovani, L. mexicana, Entamoeba histolytica,
Escherichia coli. In these organisms, NHs are glycosidases which act
by hydrolyzing N-glycosidic bonds of B-ribonucleosides forming
nucleic ribose and free bases to be used in purines synthesis“'6
Since they are not found in mammals, NHs are considered
important targets for the design of selective antiparasitic agents4‘ 7
9

NH of L. donovani (NHLd) is a protein with 314 amino acids that
shows 96.2% similarity with NH of L. majors. Different ribohydrolase
subtypes are found in trypanosomatids and they differ in their
preference or specificity for inosine/uridine substrate. The NH
subtypes are highly homologous in their catalytic site, and share
similar mechanisms of catalysis.

The early stages of a drug discovery program generally focuses on
the identification and optimization of new ligands or leads that can
promote inhibition or activation of a protein or pathway, essential
for the treatment or cure of a target disease'®. Among the
strategies to identify new ligands, the fragment-based drug
discovery (FBDD) has been spotlighted in recent yearsu. FBDD is
based on the evaluation of the interaction of small molecules (e.g.
molecular fragments) with macromolecules (enzymes or receptors),
aiming to identify low and medium affinity ligands.

The application of FBDD strategy is supported by the use of
methodologies such as Surface Plasmon Resonance®,
Thermophoresis”, Mass Spectrometry15 and Nuclear Magnetic
Resonance™®, which permit a rapid screening of thousands of
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compounds (i.e fragments), and allow the measurement of their
interaction with target proteins”'lg.

This paper describes the identification of a new non-competitive
inhibitor of L. donovani nucleoside hydrolase, identified by FBDD

strategy, and reports its binding mode proposed by docking studies.

2. Results and discussion

Construction of the fragments library

The molecular fragments were selected according to the Rule of
Threezo'zz, and based on the structure of inosine, the natural
substrate of the enzyme. Accordingly, the selected library was
constituted by fragments able to mimic the interactions performed
by nitrogenous base or ribose subunits, present in the inosine
structure. As exemplified in Figure 1, most chemical fragments
selected in this study are in accordance with the rule of three,
anticipating a large space for chemical transformation into
compounds of greater structural complexity.

All 111 samples of fragments were prepared in DMSO-ds (1 mM)
and analyzed by '"H NMR. The assignment of all hydrogens was
performed for each fragment. Based on 'H NMR chemical shift data
one spectra database of all fragments was generated. Fragments
were separated by groups containing 3-5 compounds targeting the
absence of overlapping signals. The simultaneous STD analysis of
groups of fragments in one NMR tube leads to a great economy of
time and cost with less consumption of the enzyme.

Ligands selection by STD NMR

For the interaction analyses, groups of fragments (1 mM) were
prepared in 20 mM phosphate buffer pH 7.4, 300 mM NaCl, and
10% D,0. The target protein NHLd was added for a final
concentration of 100 uM.

Adapting the basic sequence described by Meyer and Meyer 2
using the sequence DPFGSE* to suppress the water signal,
parameters such as pulse power and saturation time were adjusted
in the STD control spectra (in the absence of protein) to minimize
peaks due to artifacts. Doing so, we ensure that all signals in the
STD spectra in the presence of the protein corresponded to the
hydrogens in the structure of the ligand involved in the interaction
with the protein. These hydrogens have suffered interference of
protein magnetization, induced by NMR radio frequency pulse, due
to interaction with the macromolecule, a process that allows the
characterization of epitopes groups.

2
and
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Figure 1. Profile of fragments library. Molecular weight (MW);
calculated Partition coefficient (cLog P); Polar surface area (PSA);
Number of donor hydrogen bond atoms (NDHB); Number of
acceptors hydrogen bond atoms (NAHB); Number of aromatic rings

(NAR).

Figure 2 shows an example of the ligand selection process by STD
NMR from a mixture of fragments. Based on chemical shifts of the
hydrogens of each fragment contained in the mixture, it was
possible to identify the ligand fragment in the STD spectra (Figure 2,
C), and to determine the epitope groups interacting with the target
protein. STD NMR spectra in the absence of protein were used as
controls (Figure 2, B), avoiding the selection of false positives due
artifacts peaks with the same chemical shift of epitopes groups.
Figure 2 illustrates how fragment 1 and fragment 2 were selected as
ligands of NHLd and indicates their epitope groups. In order to
characterize more precisely signals of the epitope groups, STD
spectra were repeated with each active fragment separately, as
shown in Figure 3.

Using this methodology, it was possible to identify five fragments
that interact with NHLd (Figure 4). Knowing that the shorter is the
distance of the connection between ligand and protein, the higher
is the signal found in the STD spectrum, the intensity of this signal
was normalized, adopting the value of 100% for the strongest
signal. This procedure allowed us to map the chemical space of the
hydrogens of the ligands participating in the interaction and to
classify these epitopes quantitatively, in percentage terms.

y 6.84 ppm

7.57 ppmy H 6.91 ppm

H. OH H.

A) ‘ v OO °
N
! HO H i L

H H
6.91 ppm 757 ppm

B)

Q)

780 775 770 765 760 755 750 745 740 735 730 725 720 715 710 705 700 695 650 685 680 675 670 665 660 655 650 645
1H (ppm)

Figure 2. |dentification of ligands in a mixture of fragments by STD
in phosphate buffer saline pH 7.4 with 10% D,0. A) '"H NMR
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spectrum of the mixture of fragments; B) STD spectrum of
fragments mixture without protein (control); C) STD spectrum of

the fragments mixture with protein. Epitopes groups are
enlightened in red.
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Figure 3. Characterization of epitope groups of Fragment 3 with
NHLd protein. A) "H NMR spectrum in phosphate buffered saline pH
7.4 with 10% D,0 and Fragment 3 (1 mM); B) STD NMR spectrum in
phosphate buffered saline pH 7.4 with 10% D,0 and Fragment 3
(ImM) without protein; C) STD NMR spectrum in phosphate
buffered saline pH 7.4 with 10% D,0 and Fragment 3 (1mM) in the
presence of the protein. The epitopes groups are enlightened in
red.
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Figure 4. Mapping of epitope groups (in red) of the fragments
selected by STD NMR study as ligands of NHLd and STD factor.
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NHLd Inhibition assays

Determination of fragments inhibitory activity on NHLd. To
identify if fragments selected by STD were able to inhibit NHLd
activity, we optimized the enzyme inhibition assay described by
Renné and collaborators® and used a fixed concentration of 1 mM
fragment and 2 pg/mL NHLd. The uric acid formed by catalysis of
the substrate inosine (0.5mM) after conversion of hypoxanthine by
the auxiliary enzyme xanthine oxidase was measured. The
percentages of inhibition obtained at the screening concentration
(1 mM) are showed in Supplementary Information (Table S1) for the
five fragments selected by the STD methodology. Compounds that
were able to inhibit the NHLd activity by a percentage >50%
(fragments 1 and 3) were further analyzed by performing full
concentration-effect curves in order to determine the ICsy and K;
values. Results indicate that fragments 1 and 3 have significant
potencies characterized by ICsq values of 525 (K= 410) and 294
(K;=260) uM, respectively. These fragments could be used as
starting points for further design of more potent NHLd inhibitors.

Kinetics studies. Drugs or compounds that act as enzyme inhibitors
can interact in a reversible or irreversible manner with specific
conformational form of the target enzymezs. The reversibility of the
inhibition produced by the most potent NHLd inhibitor (i.e.
fragment 3), was studied for the two possible equilibrium
complexes: enzyme-inhibitor complex (El) and enzyme-substrate-
inhibitor (ESI). After an equilibrium period favoring the formation of
complex ESI or El, a jump dilution was performed and the recovery
of the enzymatic activity was evaluated for a period of 10 minutes
and compared to the control in the absence of the inhibitor during
the equilibrium period. The results are depicted in Figure 5. Note
that in both cases, the velocity of the enzymatic reaction after
dilution of the preformed complex with fragment 3 was similar to
the rate of the control reaction, performed in exactly the same
conditions but without the inhibitor, indicating a very fast recovery
of the enzyme and the reversibility of enzyme inhibition.

E-l complex E-S-l complex
1.0
i N
S0s g
L 3
05
j 2
= ~ Control o %05 0,
—+ Fragment 3 -+ Fragment 3
0.0% T T T T ) 0.04
0 2 4 6 8 10 0 2 4 6 8 10
Time (min) Time (min)

Figure 5. Recovery of NHLd activity after a “jump dilution” of the El
and ESI complex. Fragment 3 (2.9 mM; 10x [ICso]) was present or
not (control) during the 20 min pre-incubation period in (20 min for
El complex and 2 min for ESI complex) preceeding the dilution of
the inhibitor (see methods for details). ). In both cases, time zero
indicates the starting time of the enzymatic reaction. For study of
the E-I complex, the reaction was started by addition of the
substrate 20 min after pre-incubation of fragment 3 with the
enzyme. For study of the E-I complex, the reaction was started by
addition of the substrate to the medium containing fragment 3 and
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the enzyme. After 1 min (peak of absorbance in the control), the
mixture was diluted with the same medium but without fragment 3,
in order to promote a 10 times dilution of the inhibitor. Note that
the product of the reaction was also diluted explaining the decrease
in absorbance measured at 2 min (control: first lecture after the
dilution).

In order to further characterize the mechanism of inhibition of the
NHLd by fragment 3, we determined which of the four classical
models of inhibition better describes the data, obtained using six
different concentrations of the substrate inosine, in the absence or
in the presence of three different concentrations of fragment 37
Visual analysis of the data exhibited in Figure 6 shows a decrease of
Vhax in the presence of high concentrations of the inhibitor, so that
a competitive mechanism of inhibition was discarded. We used a
regression method considering all the data
simultaneously in order to discriminate between the possible

non-linear

mechanisms and to allow a quantitative analysis of the different
parameters. The model of non-competitive inhibition was better
than the models of uncompetitive and mixed inhibition, as
statistically determined by the Aikake criteria. The global fitting of
the data using the model of non-competitive inhibition (Figure 6)
lead to the determination of the following parameters: V.
(mM/min): 234 £ 0.5; K., (mM): 0.166+ 0.002 and K;: 251+ 1 uM.
Note also that such methodology is free of the statistical bias
linear transformations of the Michaelis-Menten
7.8 Based on these

inherent in
equation such as in the Lineweaver-Burk plot
results fragment 3 was identified as a new non-competitive
inhibitor of NHLd.
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Figure 6. Concentration-effect curves for the activation of NHLd by
inosine in the presence of fragment 3. The experiment was
performed in the absence (control, ) or presence of increasing
concentrations of fragment 3 (m, 0.1 mM; A, 0.3 mM; ¢, 0.6 mM).

NOESY and molecular docking studies

To obtain evidences that can further help in the design of
compounds with greater structural complexity and better affinity
for NHLd, we consider the possibility of combining the fragment 3,
which displayed the best inhibitory activity (higher potency), with
the fragment 5, a polihydroxyl ligand able to mimic ribose subunit

4| J. Name., 2012, 00, 1-3

presented in the inosine structure. Therefore, NOESY experiments
were conducted to evaluate the spatial proximity between the
selected fragments in the presence of NHLd.

In addition to the correlations for the intramolecular spatial of
interactions, two regions of spatial intermolecular interactions were
also identified and are represented in Supplementary Information
(Figure S1-S3). These results indicate that fragments 3 and 5 could
interact in regions in close proximity, usually less than 54, in the
NHLd protein.

Following, a molecular docking study was performed, aiming to
establish the binding mode of these fragments with the NHLd. A
structural model of NHLd was constructed by homology using the
SWISS-MODEL prograng. Among the templates of nucleoside
hydrolases (NH) suggested by the server containing inosine as
substrate, the crystal structure of NH Escherichia coli (NHEc) was
selected, due its higher confidence range (0.97 between changes 1
—0.09), and its high sequence similarity with the NHLd (i.e. 89%).
The shape complementarity of the experimental structure and the
NHLd model was verified through their superimposition in Pymol
1.5.0.5 and obtainment of a RMS value of 0.143. The
Ramachandran®® plot of the best model showed that 93.5% of the
residues were in the most favored region, 2.6% were in additional
allowed regions, 3.9% were in generously allowed regions and no
residues were in disallowed regions (data not shown).

Based upon NMR results, we used a model of the monomeric
structure of NHLd to identify the molecular contact surface
between NHLd and fragments 3 and 5. The molecular docking
analyses were divided according to the two main purposes. First to
determine where fragment 3 interacts with the NHLd monomer,
both in inosine-bound and apo form (Figure 7). Second, to evaluate
the interactions between the fragment 5 and the fragment3-NHLd
complex both in inosine-bound and inosine-free forms (Figure 8).

Frag3
e

‘ _1q VI-WS

SAA 4 \F167
R7e/\rAr‘ ) <L

Sy

Figure 7. Docking of fragment 3 into NHLd and NHLd-substrate
complex. (A) Cartoon representation of NHLd containing substrate

and fragment 3 (sticks representation). The backbone was colored
with rainbow scheme, ranging from blue (N terminal) to red (C
terminal). Circle highlights the best binding mode of fragment 3. (B)
The best docked conformation of fragment 3 in inosine-bound
NHLd. (C) The best docked conformation of fragment 3 in NHLd
free. Fragment 3 (Frag 3) and residues of the NHLd within 4 A of the
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fragment 3 are indicated by arrow and displayed using stick
representation in B and C. Dashed lines represent hydrogen bonds.

Inosine Fragment5
i g m
Fragment3 Fragment5 Fragment 3

Figure 8. Docking of fragment 5 with NHLd. (A) Best pose obtained
by docking onto NHLd/inosine/fragment-3 complex. (B) Best pose
obtained by docking onto NHLd/fragment-3 complex. The enzyme
in the background is showed as surface map representation. Inosine
and fragments 3 and 5 are indicated by arrow and displayed using
stick representation. NHLd and fragments were colored by the
element (carbon - gray, hydrogen - white, nitrogen - blue, oxygen —
red, sulfur - yellow).

Docking results obtained in the first step indicated that the
intermolecular energy (ligand-protein interaction energy based on
dispersion repulsion, hydrogen bonding, electrostatics, desolvation,
and electrostatics term) for the complex between NHLd and
fragment 3 would range between -4.35 and -3.9 kcal/mol, and can
be observed in Supplementary Information (Table S2). In about 90%
of the poses, there were hydrogen bonds involving the residue
Arg76 side chain of NHLd, regardless if the enzyme was complexed
or not with the inosine molecule (Figure 7B e 7C). Furthermore, in
both complexes, the residues that interact with the fragment 3 are
similar (Arg76, Arg77, Ala78, Phel67), the only exception was Ser79
that made contact solely in the presence of inosine (Figure 7B e 7C).
Since there is at least partial occupancy by fragment 3 in the active
site gate (Figure 8A and 8B), the pocket opening volume for both
apo NHLd and fragmente3-bound form were calculated using MOLE
2.0 server®. The volume of the cavity for apo form was 4003 A3 and
for fragmente3-bound form was 3955 A3. The decrease in the
volume suggests that fragment 3 blocks the pocket opening,
preventing the substrate entry.

Our NMR results indicate that fragments 3 and 5 could bind into
NHLd close to each other in the active site. Furthermore, the
docking studies suggest that whereas fragment 3 binds in the gate
region, fragment 5 is able to establish interactions inside the active
site. Based on these results, our research group is now working on
the design of different connectors to link fragments 3 and 5, aiming
the discovery of new potent inhibitors of NHLd.

3.Experimental session
Materials
Reagents used in this work, such as inosine and purified xanthine

oxidase (XO), were commercially obtained from Sigma—AIdrichm, and
have high purity. Fragments included in the library used here were

This journal is © The Royal Society of Chemistry 20xx

selected from our laboratory or provided by our collaborators.
GenScript® synthesized the plasmid used for NHLd expression.

Methods

Fragments library. According to the Rule of Threezo, fragments
should be structurally simple molecules, with few functional groups,
must have a molecular weight less than 300, a number of donors
and hydrogen bond acceptors not higher than three, and a cLogP
minor or equal to three.

In addition to these criteria, fragments with some structural
similarity with the enzyme substrate inosine were preferentially
selected. Fragments were selected for having functional groups that
mimic donor and acceptor groups of hydrogen bond, aromatic
subunit and for being polyhydroxylated, mimicking nitrogenous
base and riboside present in the enzyme substrate.

Expression and purification of L. donovani nucleoside hydrolase
(NHLd). L. donovani nucleoside hydrolase gene (GenBank:
AY007193.1) was cloned in pET-28b(+) by Ncol and Xhol to express
the recombinant enzyme nucleoside hydrolase L. donovani (NHLd)
containing a tail of six histidine residues at the C-terminus. The
recombinant protein was expressed in E coli BL21(DE3) cells and
purified by chromatography using nickel affinity column (Ni
Sepharose 6 Fast Flow, GE HeIthcare®), eluted with 20 mM
phosphate buffer pH 7.4, 500 mM NaCl and 300 mM imidazole.
Imidazole was removed (<0.01lmM ) by washes with 20mM
phosphate buffer at pH 7.4 and 300 mM NaCl in Stirred
Ultrafiltration Cell System model 8200 Millipore or Amicon” Ultra
Centrifugal, with 3.000 MWCO filters. Protein samples were
concentrated and quantified by the Lowry method*?, before storage
at -80°C.

NMR analysis. Al NMR spectra were acquired at 25°C on a 500
VNMRS (Agilent) at 499.78 MHz for ' and processed with the
MestReNova 9.0.1 program. STD spectra were acquired using the
basic pulse sequence described by Mayer and Meyer 2 with the
inclusion of the Double Pulsed Field Gradient Spin Echo (DPFGSE) 2
for water suppression. Spectra subtraction was performed on
alternate scans, producing the difference spectrum. Two seconds
were used for saturation transfer with irradiation on-resonance at -
2020.5 Hz and off-resonance at 15790.9 Hz and spectra were
acquired with 1024 scans. 2D NOESY spectra were acquired with
the DPFGSE pulse sequence for water suppression, 1 second mixing
time, 64 scans, 1202 points in f2 and 128 in f1.

NMR samples. All 111 molecular fragments at 1mM in DMSO_dg
were first analyzed by 'H NMR. Mixtures of fragments (3 to 5) were
prepared at 1 mM in 20 mM phosphate buffer pH 7.4 containing
300 mM NaCl and 10% D,0. "H NMR spectra were acquired for each
fragment mixture sample. For STD binding assays, the protein, NHLd
(100 pM), was added to the medium for obtaining a molar ratio of
100:1 (fragment:protein).

Analysis of steady-state enzyme inhibition. Kinetics parameters of

NHLd were determined adapting the methodology described by
Renné and collaborators® to 96 well plates and measuring the
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enzyme kinetics using the spectrophotometric system SpectraMax
M5 Molecular Devices Microplate Reader. We used a coupled
optical assay with the auxiliary enzyme xanthine oxidase (XO, 93
pg/mL) in 20 mM phosphate buffer pH7.4 containing 300 mM NaCl
and 0.5 mM inosine. The reaction was started by addition of 2
pug/mL NHLd. The product (uric acid) formation was monitored at
293 nm in a final volume of 300 uL. All experiments were performed
in triplicate at room temperature. The kinetics parameters
Michaelis-Menten constant (K,,) and maximum velocity (V,.) were
evaluated by increasing the concentration of inosine from 0.1 to
1mM, to obtain data above and below the K., maintaining constant
the concentration of NHLd (2 pg/mL). The saturation curve was
obtained by plotting the values of initial rate versus substrate
concentration and analyzed by nonlinear regression (GraphPad
Prism 5.0 software) using the Michaelis-Menten equation: Vo = V.«
* [S]/ ([S] + K,), where [S] is the substrate concentration, V. is the
maximum velocity and K., is the Michaelis-Menten constant.
Fragments selected by STD were first screened at 1 mM for their
inhibition of NHLd activity using the procedure described above
with fixed concentrations of inosine (0.5 mM) and enzyme (2
pg/mL). Fragments that inhibited more than 50% of the enzyme
activity were selected for IC5, determination. ICsy were determined
using at least 6 concentrations of inhibitor and fixed concentrations
of enzyme (2 pg/mL) and inosine (0.5 mM). IC5, values were
obtained by nonlinear regression analysis (GraphPad Prism 5.0). K;
values were determined using the Cheng-Prussof equation: Ki =
[ICso / (1+ [S] / Kn)] % The reversibility of the enzymatic inhibition
was analyzed for the complex E-l and E-S-I %

The complex E-I was evaluated by pre-incubating the fragments at
concentrations 10 times higher than their I1C5, together with 0.2
mg/mL NHLd (100 times higher than the usual concentration for
incubation) in phosphate buffer (20 mM pH 7.4, 300 mM NacCl).
After 20 minutes, a “jump dilution” was done and the reaction was
started by adding the phosphate buffer containing XO (93 pg/mL)
and inosine (0.3mM) in order to promote a 100 times dilution of
both fragments and enzyme.

The complex E-S-I was evaluated by adding the
concentrations of enzyme, inosine, XO, and the fragment (at a
concentration equal to its ICsg). After the complex E-S-I formation
(~1min), the medium was diluted 10 times with the same solution
but without the fragment, in order to promote a 10 times dilution
of the inhibitor. In both experiments, the reversibility of the
inhibition was assessed measuring the recovery of the enzymatic

usual

activity in comparison with control samples without inhibitor during
the pre-incubation step.

The same experimental conditions were used to determine the type
of enzymatic inhibition. In this case, five concentrations of inosine
(0.03, 0.1, 0.3, 1, 3 mM) were used in the absence (control) and
presence of three fixed concentrations of the inhibitor (100, 300
and 600 uM), selected according to the ICso. The whole data (from
the four curves) were simultaneously analyzed by non-linear
regression in order to compare different classical models of
inhibition and to choose the best one using the Aikake criteria
(GarphPad Prism version 5.0).

Molecular modelling. The three-dimensional model of the NHLd
was obtained based on the structure of the nucleoside hydrolase of

6| J. Name., 2012, 00, 1-3

E. coli (access code 3B9X, 2.3 A of resolution, in Protein Data Bank —
PDB) 32, which has 89% sequence similarity33 with the NHLd. This
structure was chosen because it was solved with the substrate
inosine, different from the model previously described by Tanos
and collaborators®. We used the T-Coffee server® to align the
template and the NHLd. Then, the model building was performed
submitting the alignment to the SWISSMODEL server % Model
validation using Ramachandran plot was performed by the server
Rampage 30

Molecular docking. Fragments were drawn using the PC Spartan’14
package and their binding modes (ligand-target) were investigated
by docking methodology implemented in AutoDock4.2*®. The
graphical interface AutoDock Tools was used to prepare and
analyze the docking * The enzyme was kept fixed and the docking
calculations were performed by using a grid map of 60 x 50 x 60
points centered in the calcium atom, with a grid spacing of 0.375 A.
Since ligands are not peptides, the Gasteiger-Marsile charge was
assigned37 and then non-polar hydrogens were merged. Docking
runs were performed using the Lamarckian Genetic Algorithm38 and
remaining parameters were set as default values.

Conclusions

We performed a screening analysis of 111 fragments on NHLd using
saturation transfer difference (STD) NMR spectroscopy. From this
analysis, five fragments were selected as ligands of the target
enzyme, and their ability to inhibit enzymatic activity of NHLd was
investigated. Fragments 1 and 3 stood out showing ICsy values of
525 uM and 294 uM, respectively. The mechanism of inhibition of
fragment 3 was determined, revealing the identification of a new
non-competitive inhibitor of NHLd. Its binding mode was proposed
by molecular docking, using a structural model of NHLd constructed
by homology. NOESY and comparative docking studies between
fragments 3 and 5 were established and the results will be used in
the design of more potent NHLd inhibitors.
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