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Abstract: Searching for new substances with antileishmanial activity, we synthesized
and evaluated a series of a,a-difluorohydrazide and a,o-difluoramides against
Leishmania amazonensis arginase (LaArg). Four ao,a-difluorohydrazide derivatives
showed activity against LaArg with K; in the range of 1.3 - 26 uM. The study of the
kinetics of LaArg inhibition showed that these substances might act via different
inhibitory mechanisms or even by a combination of these. The compounds were tested
against L. amazonensis promastigotes and the best result was obtained to the compound
4 (ECsp0f 12.7 + 0.3 uM). In addition, in order to obtain further insight into the binding
mode of such compounds, molecular docking studies were performed to obtain additional
validation of experimental results. Considering these results, it is possible to conclude
that a,a-difluorohydrazide derivatives are a promising scaffold in the development of new

substances against the etiological agent of leishmaniasis by targeting LaArg.
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Introduction

Leishmaniasis is a neglected tropical disease that affects 12 million people in the
world.! Enzymes in the polyamines pathway in trypanosomatids have been studied and
proved to be potential antileishmanial targets.>? Polyamines are involved in the synthesis
of trypanothione,a physiologic antioxidant of trypanosomatids that is used to scavenge
oxygen (ROS) and nitrogen free radicals (NO) produced by host macrophages.>* In
Leishmania, the arginase is the first enzyme of polyamine biosynthesis that converts L-
arginine into L-ornithine plus urea and is involved in Leishmania pathogenesis.> The
inhibition of the polyamine pathway leads to mitochondrial dysfunction, kKDNA
disorganization, and parasite death.®” Arginase gene knockout® or arginase gene mis-
localization mutation showed the importance of arginase in Leishmania infection.’

Inhibitors of Leishmania arginase were first described against Leishmania
mexicana and Leishmania amazonensis.'*!! Isolated natural compounds also showed
high inhibition of L. amazonensis arginase.'>"'# Indeed, such inhibitors proved to have a

higher potency on parasite arginase in comparison with the mammalian enzyme, which



shows that this target can be selectively modulated.!> Otherwise, only one synthetic
compound (2-(5-methyl-2-(trifluoromethyl)-[ 1,2,4]triazolo[ 1,5-a]pyrimidin-7-
yl)hydrazinecarbothioamide) was described as a selective L. amazonensis arginase
inhibitor.!> Arginase inhibitors first described against human and rat arginases also
showed high affinity for L. mexicana arginase.!%:16

The second enzyme of the polyamine pathway is ornithine decarboxylase (ODC),
which converts the arginase product L-ornithine into putrescine and carbon.dioxide. ODC
was the target of eflornithine (Fig. 1), an antiparasitic drug used against Trypanosoma
brucei species, a trypanosomatid that causes sleeping sickness.!”!18

Despite the eflornithine being shown as inhibitor of ODC, one important structural
aspect of this compound is the presence of a difluoromethyl group, which differentiates
it from ornithine. In fact, fluorine is an important substituent in medicinal chemistry due
to its capability to make hydrogen bonds, increase the lipophilicity of the compound and
alter the electronic aspects of the molecule because of its high electronegativity.!®
Because of these chemical characteristics, and in an attempt to develop new arginase
inhibitors, we screened a series of a,a-difluoridrazides (4-9) and a,a-difluoramides (10-
12) against L. amazonensis arginase. Such substances are structurally related to
eflornithine in the presence difluoromethyl groups and nitrogen atoms capable of making
electrostatic interactions like drug eflornithine (Fig. 1). Eflornithine is a weak inhibitor
of human arginase (Ki = 3.9 mM)?° and can be a good start to design selective parasite

arginase inhibition.



| RF H 5 : RFw
' R N. _Ar, F. &I 'R .
1 H : | :
| , HO NH, 0 |
| NHO | i 2 NH :
5 49 o | 10-12
: ° :  ReH.Me :
' = : Eflornithine . =H, Me !
i R=H, Me : . R=Ph, p-CI-Ph, i-Pr |

Figure 1. Design of the a,a-difluorohydrazides (4-9) and a,a-difluoramides (10-12)

evaluated.

2. Results

2.1 Chemistry
The a,o-difluorohydrazides (4-9) and difluoramides (10-12) were prepared by

acetylation of isatin or 5-methyl isatin with acetic anhydride under reflux and subsequent
chemoselective deoxofluorination with (Diethylamino)sulfur trifluoride (DAST) in
dichloromethane. Finally, the oxindole ring was opened by a nucleophilic attack of
different hydrazides or amines to furnish the final products 4-12 (Scheme 1). Compounds

8 and 9 are first described in this study, and 4-7 and 10-12 were previously reported.?!->?
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Scheme 1. Synthesis of compounds 4-12.

2.2 Kinetics of arginase inhibition and antileishmanial activity

A trial was run with compounds 4-12 at 100 pM against recombinant L.
amazonensis arginase (LaArg) overexpressed in Escherichia coli.'' The compounds 4, 5,
8 and 9 showed parasite arginase inhibitory activity (> 70%), compound 6 inhibits only
8%, whereas compounds 10-12 did not inhibit the arginase.

The ICs to the active compounds showed that 4 (IC5o =12 + 2 uM) and 5 (IC5¢ =
12 + 3 uM), had better I1Cs, values than those obtained with 8 (ICso =38 =2 uM) and 9
(ICs50 = 37 £ 6 uM). Kinetic analysis showed that compound 4 inhibited arginase via
competition with the substrate while 5, 8 and 9 showed a mixed mechanism (Fig. 2). The
K; values of 4 and 5 were, respectively, 5.1 £ 1.4 uM and 1.3 + 0.8 pM. The promastigote
growth inhibition by the arginase inhibitors compounds was determined and only
compound 4 showed a dose that kills 50% of the parasite under 100 uM (ECso= 12.7 £
0.3 uM) Table 1 summarizes the ICsy, Ki and ECs, values obtained with the arginase

inhibitors.



Antileishmanial activity was determined for the best arginase inhibitor to verify

the activity against whole parasite. In a trial performed at 100 uM only compound 4

showed a good inhibition growth. Then, the effective concentration that reduces half of

the parasite growth (ECso) was determined for the compound 4 that showed an ECsy =

12.7 £ 0.3 uM against L. amazonensis promastigotes (Table 1).
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Figure 2. Dixon (A) and Cornish-Bowden plot (B) for arginase inhibitors. The
concentrations of L-arginine used were 100 mM (@), 50 mM (m) and 25 mM (A). Each
point drawn represents the mean of three independent experiments (n = 3) performed in
duplicate. The difference of slopes between of Cornish-Bowden plot (B) for 4 did not
differ (p=0.33), while slopes for 5 are different (p<0.05).



Table 1. Characterization of arginase inhibition: concentration that inhibit half of enzyme
activity (ICsg), Ki (dissociation constant for enzyme-inhibitor complex), Kis (dissociation
constant for enzyme-substrate-inhibitor complex) and concentration that inhibit half of

promastigote growth (ECsy) were determined.

ICs, K; K; Inhibition Promastigote
Compounds Rl R2 ! v
P mM)  (uM) M) | mode  ECy(uM)
12.7+0.3
4 H- /H\NQ 12£2 5114 - Competitive
H
" , >100
5 HiC- N 1243 13+0.8 26+6 Mixed
H
= >100
6 H- /H\NQ >100 ; i ]
H
/ >100
7 HiC- /H\NQ > 100 . i i
H
H s *kok . >100
8 H- Ny 38 L2 #2641 11x1 Mixed
H
9 H- H@ 37467 3243 65402  Mixed ~100
y -
10 H- - \© inactive - - -
H
/N . . -
11 H- \Q inactive - - -
Cl
y - -
12 H;C- /NT/ inactive - -
Amphotericin B - - inactive - - - 0.33+0.04

Values of ICsy, ECs, Ki and Kis were expressed as a Mean £ SEM (standard error of mean).
***p<(0.001 vs compound 4 and ##p<0.001 vs compound 5.
“-“=not determined



2.3 Docking of the competitive inhibitor

To obtain more insight into the binding mode of 4, molecular docking studies were
performed for the prediction of possible interactions to understanding the experimental
results. The X-ray crystal structure of Leishmania mexicana arginase (LmArg)
determined by D’ Antonio et al.!® was obtained from the Protein Data Bank (PDB Code:
41U1) and was used for the molecular docking study. Initially, the redocking was
performed with LmArg with the hydroxylated substrate analog nor-N"-hydroxy-L-
arginine (nor-NOHA), which is the most effective physiological inhibitor of arginase and
exhibited an RMSD value of 1.3 A.

The L-arginine substrate (Fig. 3-A, 3-B) and nor-NOHA inhibitor (Fig. 3-C, 3-D)
interact with the active site of LmArg through a hydrogen bond and van der Waals
interactions. Redocking the LmArg-nor-NOHA complex showed that the hydroxyl group
of nor-NOHA coordinates to the Mn?' ion; the inhibitor interacts with Asp194, Ser150,
Thr257 and Asn143 residues (Fig. 3-C, 3-D); and the L-arginine presented an unfavorable
interaction with manganese (Fig. 3-B).

The docking analysis indicated that compound 4 interacted with the residues
His139, Alal92, and Aspl194: the His139 makes a m-m stacking interaction with
phenylhydrazine moiety; Alal92 showed a hydrophobic interaction with
phenylacetamide while Asp194 makes H-bonds with the two nitrogen atoms in the
phenylhydrazine moiety, with the nitrogen of acetamide group, and it also interacts with
fluorine (Fig. 3-E, 3-F). The ChemScore values calculated for L-arginine, nor-NOHA,
and 4 in the complex in the active site of LmArg were obtained, with -28.21 kJ/mol, -

36.43 kJ/mol, and -19.49 kJ/mol, respectively.
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Figure 3: The binding modes and molecular interactions of the (A) L-arginine (carbon in
cyan), (C) substrate analog nor-NOHA (carbon in gray) and (E) compound 4 (carbon in
magenta) in the active site of Leishmania mexicana arginase (PDB Code 41U1). The
binuclear manganese cluster (Mn*?) is represented by a pair of crosses in the monomer.
The important residues in the active site of LmArg and ligands: (B) L-arginine,
conventional hydrogen bond (green); unfavorable bump (red), van der Walls (green-
cyan), (D) LmArg-nor-NOHA, van der Walls (green-cyan), conventional hydrogen bond
(green), carbon-hydrogen bond (aquamarine), covalent bond (violet-purple) and (F)
compound 4, van der Walls (green-cyan), conventional hydrogen bond (green),
halogen/fluorine (cyan), pi-pi stacked (magenta), pi-alkyl (pink). Hydrogen bonds are
shown in yellow (A, C and E). The images were generated using PyMOL version 1.7.2.1
and BIOVIA Discovery Studio v.16.1.0.15350.



The docking study was also performed to obtain information about the interaction
forms of compound 4 in human arginase-1 (HsArg) (Fig. 4). The results of the
interactions in both enzymes were similar, however, with the human enzyme compound
4 suggests unfavorable interaction. This result can be indicating that compound 4 does
not interact with human arginase 1. The sequence was obtained from the Protein Data
Bank (PDB Code: 4HWW) and was used for the molecular docking study. The redocking
was performed with amino-6-borono-2-(2-(piperidin-1-yl)ethyl) hexanoic acid and
exhibited an RMSD value of 1.8 A. The X-ray crystal structure of Homo sapiens arginase

(HsArg) determined by Van Zandt. 23

is139 A A

ASP_ GLY
B:128 B8:142

Figure 4: Superposition and molecular interactions of compound 4 in Leishmania
mexicana and Human Arginase. (A) Superposition of compound 4 (carbono in grey) in
the active site of Leishmania mexicana Arginase (PDB Code 41U1) and compound 4
(carbono in yellow) in the active site of Homo sapiens Arginase-1 (PDB Code 4HWW).
(B) Compound 4 in the active site of Leishmania mexicana, van der Walls (dotted lines
in light green), conventional hydrogen bond (dotted lines in green), halogen/fluorine
(dotted lines in cyan), pi-pi stacked (dotted lines in magenta), pi-alkyl (dotted lines in
pink). (C) Compound 4 in the active site of Homo sapiens: van der Walls (dotted lines
in light green), conventional hydrogen bond (dotted lines in green), halogen/fluorine
(dotted lines in cyan), pi-pi stacked (dotted lines in magenta), pi-donor hydrogen bond
(dotted lines in light blue), pi-anion (dotted lines in orange) and unfavorable bump
(dotted lines in red). The images were generated using PyMOL version 2.4.0a0 (The
PyMOL Molecular Graphics System, Schrodinger, LLC) and BIOVIA Discovery



Studio v.16.1.0.15350 (Dassault Systemes BIOVIA, Discovery Studio Modeling
Environment, Release 2017, San Diego: Dassault Systémes, 2016).

3. Discussion

Leishmania amazonensis arginase inhibitors were described in natural products as
polyphenols, which lead to the identification of the catechol as the pharmacophoric
group.!-122425 Subsequently, we have synthesized a compound containing a
thiosemicarbazide as the pharmacophoric group needed to inhibit LaArg.'32¢ In this
study, we have tested a series of a,a-difluorohydrazide derivatives and identified the
phenylhydrazide moiety as essential to target LaArg in the low micromolar range.
Phenylhydrazide is essential for inhibition of LaArg arginase as shown for compounds 4,
5, and 8. The compounds 4 and 5 showed the lower ICsy (12 uM) that did not differ
significantly (p>0.05) (Table 1). On the other hand, when the para-phenyl was replaced
by —CF; (8) or the hydrazide group was changed to amino (9) the arginase activity
decreased (ICsy~38 uM). When phenylhydrazine was replaced with 2-hydrazinopyridine
in compounds 6 and 7, the arginase inhibition deeply decreased (ICsy > 100 uM). The
substitution of phenylhydrazine to aminophenyl (10 and 11) or 2-aminopropane (12) led
to a complete loss of arginase inhibition.

Despite the structures of compounds 4, 5, 8 and 9 being similar, the mechanisms of
inhibition were different and may indicate a cleft in the active site that could
accommodate compounds 5, 8, and 9 together with L-arginine. In particular, 8 and 9
showed lower Kis and could bind together with the substrate L-arginine in the active site.
Kis lower than Ki (Table 2), indicate that the affinity to the complex enzyme-substrate
(ES) is higher than the free enzyme (E). On the other hand, compound 5 (Ki < Kis), could
bind and prevent substrate interaction and it has Kis higher than Ki. This information can
be interesting because Leishmania can upregulate the transport of L-arginine?’ and

increase levels of the arginase substrate and enhance the enzyme inhibition for compound



8 and 9 in a higher level of L-arginine. This result also may indicate that the substrate L-
arginine changes the structural conformation of La-Arg, decreasing the Kis of compound
9 with complex ES by approximately five times (K; = 32 uM and Kj;= 6.5 uM). In spite
of the compounds 8 and 9 not having inhibited parasite growth, this result can be used for
understanding of the structural changes that can occur with the conformation of the target
enzyme in the presence of the inhibitor and substrate. This could be used to design mixed
inhibitors with improved activity against the parasite based on the phenylhydrazide
moiety.

Previously, we have reported that isomers of natural compounds change the
mechanism of LaArg inhibition when using chlorogenic and cryptochlorogenic acids that
are respectively characterized as competitive and noncompetitive inhibitors. The same
results were observed with the antileishmanials verbascoside and isoverbascoside, which
are competitive and noncompetitive La-Arg inhibitors, respectively.!4%

D’ Antonio et al.!® showed a simulated annealing omit map in which the hydroxyl
group of nor-NOHA displaces the metal-bridging hydroxide ion observed in the
unliganded enzyme and coordinates with Mn?*. The metal-bridging Mn*2-Mn?" activated
a water molecule to generate a hydroxy ion that attaches to the guanidine moiety of
substrate L-arginine and when it was used nor-NOHA, a hydroxylated L-arginine,
arginase was inhibited.'® The binuclear manganese cluster is required for stabilization
and orientation of the catalytic nucleophile and the dialysis of Mn?" from native arginase
I or the substitution of ligands to either manganese in arginase I variants results in up to
20,000-fold reduction in Kcat due to the disruption of the metal cluster.?8-3% The binuclear
manganese cluster evolved with the optimal structure and chemical properties to orient
and activate the metal-bridging hydroxide ion for nucleophilic attack at substrate L-

arginine by this enzyme.3°



The docking analysis to L. amazonensis arginase showed that compound 4 interacts
with amino acids His139, Ala192 and Asp194. Recently, we have shown that Asp194 and
Ser150 were possibly involved in LaArg inhibition by caffeic and rosmarinic acids?> and
with the interaction of verbascoside with His139, Asp194 and Ser 150.!'* The amino acids
His139 and Asp194 are conserved in arginase family enzymes that are involved in the
coordination of the binuclear manganese cluster (Mn?"-Mn?*) in the active site.’'3? In
fact, the amino acids Ser150 and Asp194 were also shown in the crystal structure of
LmArg!'® with synthetic competitive inhibitors!® ABH (2(S)-amino-6-boronohexanoic
acid)’®, BEC (S-(2-boronoethyl)-L-cysteine)’* and norNOHA (N°-Hydroxy-nor-I-
arginine).> However, Alal92, which showed an interaction with phenylacetamide in
compound 4, is not conserved in human arginase: in the equivalent position, human
arginase has an aspartic acid. It was also-observed that compound 4 showed unfavorable
interaction with manganese in the active site of the human arginase. Additionally, the 4
was the only compound that inhibited the growth of promastigote forms. These results
can be used as support to design selective drugs to the treatment of leishmaniosis based

in the phenylhydrazide group.

4. Conclusion

Four phenylhydrazides (4, 5, 8 and 9) inhibited arginase in the low micromolar range,
while 2-hydrazinopyridine (6 and 7) showed weak activity against parasite enzyme.
Compounds 8 and 9 showed ICs, higher than 4 and 5 because of the presence of a
trifluoromethyl substituent in the phenylhydrazine moiety (8) or absence of hydrazine (9).
Docking analysis of compound 4 showed interactions with important amino acids
targeted by other arginase inhibitors. Compound 4 showed activity against L.
amazonensis promastigotes with similar potency that inhibited arginase of the parasite.

These results indicate that a,0-difluorophenylhydrazide moiety is a good starting point



for the design of novel Leishmania arginase inhibitors with the aim of the development

of potential antileishmanial compounds.

5. Experimental section

5.1 Chemistry

5.1.1. N-acetylation of isatins

Compounds 2a and 2b were prepared as previously reported.?!

5.1.2. N-acetylindoline-2,3-diones deoxofluorination

Compounds 3a and 3b were prepared as previously reported.?!

5.1.3. Synthesis of a.a-difluorohydrazides 4-7

Synthesis of a.o-difluorohydrazides 4-7 was performed as previously reported.?!

5.1.4. Synthesis of o.a-difluorohydrazides 8

General procedure. Into a round-bottom flask coupled to a condenser was added 0.6
mmol of the corresponding N-acetyl-3,3-difluoroindolin-2-one (3a or 3b) and 3 mL of
acetonitrile. The mixture was stirred at room temperature for 5 min. Then, 1 equivalent
of neat phenylhydrazine was added to the medium. The flask was then attached to a
condenser and the system kept under stirring at reflux for 12 h. At the end of this period,

the formed precipitate was vacuum filtered and washed with cold acetonitrile.

5.1.4.1. N-(2-(2-(2-(4-(trifluoromethyl)phenyl)hydrazinyl)-1,1-difluoro-2-
oxoethyl)phenyl) acetamide (8)

TH NMR (DMSO, 400 MHz, 6 ppm): 2.04 (s, CH;CO), 6.77 (d, J = 8.4, IHAr),
7.37 (t, J=17.6, 1HAr), 7.47 (d, J = 8.5, 2HAr), 7.58 (t, J= 7.5, 1HAr), 7.64 (d, J = 7.7,
1HAr), 7.73 (d, J = 7.8, 1HAr), 8.61 (s, NH), 9.29 (s, NH), 11.09 (s, NH); ’F NMR
(DMSO, 377 MHz, 6 ppm): — 59.24, — 100.32; ESI-MS(-): m/z 386;

CHN: Calc. for C17H4FsN3O,: C, 52.72; H, 3.64; N, 10.85; found: C, 52.52; H,
3.63; N, 10.48

5.1.5. Synthesis of 2-(2-acetamidophenyl)-N-benzyl-a, a-difluoroacetamide 9



To a bound-bottom flask was added the amount of the corresponding N-acetyl-3,3-
difluoroindolin-2-one and 140 equivalents of acetonitrile. The mixture was allowed to stir
at room temperature for 5 minutes. Then, 1 equivalent of benzylamine was added to the
medium. The system was kept under stirring overnight. At the end of this period, the
formed precipitate was vacuum filtered and washed with cold acetonitrile. The product
was air dried and stored under an argon atmosphere with protection from light.

'TH NMR (DMSO, 400 MHz, 6 ppm): 2.01 (s, CH;CO), 4.36 (d, /=9.9, CH,), 7.22-7.33
(m, 6HAr), 7.52-7.59 (m, 2HAr), 7.76 (d, J= 7.6, 1HAr), 9.48 (s, NH), 9.63 (s, NH); °F
NMR (DMSO, 377 MHz, 6 ppm): — 100.51; ESI-MS(+): m/z 319.1 (48%), 341.0
(100%); CHN: Calc. for C;7H(F2N,O,: C, 64.14; H, 5.07; N, 8.80; found: C, 63.80; H,
5.16; N, 8.70

5.1.6. Synthesis of o.a-difluoramides 10-12

Synthesis of a.o-difluoramides 10-12 was performed as previously reported.??

5.2 Arginase inhibition and kinetics

Recombinant arginase inhibition and kinetics study were performed as previously
reported.!! Briefly, arginase was overexpressed in E. coli, and purified.!! The ICs, were
determined in a reaction buffer containing 50 mM CHES and 50 mM of L-arginine pH
9,5 with variable concentration of compounds. The activity of arginase was quantified

through measure of urea production with colorimetric method of Berthelot.3°

5.3 Promastigotes culture test

The MHOM/BR/1973/M2269 strain of L. amazonensis was used throughout this
study. Promastigotes were grown in M199 medium supplemented with 10% fetal bovine
serum, 5 ppm of hemin, 50 pg/mL streptomycin and 100Upenicillin. Cells were grown
until they reached stationary phase. Initially, 5.0 x10° cells were incubated for 72 h with
the inhibitors of the parasite arginase that were added to the culture medium in a
concentration that ranged from 100 uM to 0.78 uM. Amphotericin B was used as a control

for cell growth inhibition in a concentration that ranged from 10 uM to 0.00001. All tests



were performed in 1.5 mL microtubes to a final volume of 1.4 mL. After 72 h of
incubation with arginase inhibitors compounds, surviving cells were washed two times
with 1 mL of Hanks Balanced Salt Solution (GIBCO® HBSS). Soon after that, the cells
were incubated for 13 h with the tetrazolium dye MTT 3- (4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (Sigma) that was added to the culture medium to a final
concentration of 0,5 mg/mL. MTT was transformed by the surviving cells producing
formazan crystals that were dissolved with 500 pL. of DMSO. The concentration of the
formazan was determined colorimetrically wusing the Epoch 2 Microplate
Spectrophotometer (Biotech, Instruments, Winooski, Vermont USA) at 570 nm. ECs
values were calculated based on a sigmoidal model (Log ECsy) using a normalized
variable slope in the GraphPad Prism software (version 8 for Windows, San Diego,

California, USA). One independent assay was performed six times.

5.5 Molecular docking and bioavailability properties

The structures of the compounds studied were designed, minimized, conformationally
analyzed, and optimized, and properties were calculated using the Spartan’10 version
1.0.1. program (Wavefunction, Inc). The calculations were performed for all structures
using Conformer Distribution with Molecular Mechanics and MMFF, and 50 conformers
were examined for Equilibrium Geometry with Semi-Empirical and RM1, for Energy
with Hartree-Fock 6-31G* in the vacuum. The crystal structure of Leishmania mexicana
arginase (LmArg) in complex with the hydroxylated substrate analog nor-N--hydroxy-L-
arginine (nor-NOHA), which are the most potent arginase inhibitors, was crystallized and
solved by X-ray diffraction.!® The 3D structure of LmArg in complex with inhibitor
cocrystallized was initially obtained from the Protein Data Bank with PDB Code 41U1
(resolution of 1.95 A, method X-ray diffraction).!¢ We used the crystal structure of LmArg
instead of a homology model of arginase from L. amazonensis since only two residues,
not involved in the binding site, were different resulting in a 99.4% amino acid sequence
identity. The pdb files were prepared, and the water molecules were removed.
Subsequently, the molecular docking studies were done using the GOLD software v.

5.5.37 The Mn?" metal ions are cofactor and have been maintained in coordination with


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl

the metalloenzyme arginase. The parameters for docking were determined by analysis of
poses obtained by redocking of the nor-NOHA in LmArg. The best redocking solutions
will be those with the lowest root-mean-square deviation (RMSD) value. Therefore, the
docking was performed with Chemscore function with a 20 A of distance from oxygen
(ID 1051) of the catalytic residue Ser150. Automated docking studies were then
performed using the genetic algorithm GOLD (Genetic Optimization for Ligand
Docking), and twenty GA runs were performed for each molecule. The GOLD score was
chosen as fitness function and the standard default settings were used in all caleulations.
The visual inspection of intermolecular interactions and figures were performed using
with PyMOL version 1.7.2.1 (The PyMOL Molecular Graphics System, Schrodinger,
LLC) and BIOVIA Discovery Studio v.16.1.0.15350 (Dassault Systemes BIOVIA,
Discovery Studio Modeling Environment, Release 2017, San Diego: Dassault Systémes,
2016). Default cutoff values of 2.5 A for hydrogen bonds and 4 A for Van der Waals

interactions were employed.

5.6 Statistical analyses

The data for ICsy of the parasite arginase inhibition was evaluated using a one-way
analysis of variance (ANOVA) followed by a Tukey post-test. All data was analyzed
using GraphPad Prism software (version 8 for Windows, San Diego, California, USA).

The differences between the means were considered significant at p<0.05.
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