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ABSTRACT

The discovery of anti-tuberculosis agents is crucial for effective tuberculosis therapy. The present strategy for new
drug development is directed towards identifying essential enzyme systems in the bacteria and developing potent
molecules to inhibit them. The aim of this study was to study the inhibition of a peptide deformylase of
Mycobacterium tuberculosis using molecular docking FlexX. This study highlighted the actinonin as the better
inhibitor of the enzyme. The study of the modelling realized on this inhibitor show that the binding energy can be
decreased in a significant way by a judicious choice of fragments to be substitutes. Replacement of the pentyl group
in position R1 by a cyclopentylmethyl, the dimethyl-propyl group in position R2 by a pyrrolidine and the
hydroxymethyl pyrrolidin in position R3, by hydroxyphenyl group decreases the energy of interaction of 8 units. The
study of the pharmacokinetic properties of this proposed molecule shows that they join perfectly the margin of the
criteriaimposed by the rule of Lipinski. The results of the present study are reported herein so that researchers, who
are having required laboratory facilities for synthesizing drugs, can utilize findings of this study for developing new
drugs against Mycobacterium tuberculosis with better efficacy.

Keywords: Molecular docking, FlexX, peptide déformylase ji-anberculosis.

INTRODUCTION

Tuberculosis, caused bylycobacterium tuberculosis, is the most common infectious disease caused singie
bacterium, and it is estimated that two billion plecor one-third of the world’s population have bégfected byM.
tuberculosis. More than eight million new cases of active TBedise each year result in two million deaths ahnual
mostly in developing countriefl,2] The clinical impact and rise of tuberculosis pasenith drug-resistant strains
of M. tuberculosis have made the development of new antimycobactasiglsnt. B-9] The increase in multidrug-
resistant strains oM. tuberculosis has decreased the effectiveness of current stantlaiberculosis treatment
options[8]

Thus, the discovery of anti-tuberculosis agents tdi@et new pathways with novel mechanisms obads crucial
for effective short-term tuberculosis therapy thdk limit the development of resistance.

Peptide deformylase (PDF) is a bacterial metallgere which deformylates the N-formylmethionine ofwihe
synthesized polypeptides, a key step in proteiruratibn. fLO, 11]PDF is essential for bacterial growt2-16]
making it an appealing target for the design ofel@ntibiotics[17,18]

The purpose of this work is to test the ability wiblecular docking software FlexX version 2.1.8, 201
(http://www.biosolveit.de/FlexX/ used in this study by determining the RMSD (rowan square deviation), then
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use this program to analyze the interactions betwiee PDF oM. tuberculosis and divers PDF inhibiting drugs, to
explore their binding modes and to make tests afatiimg, with a view to identify novel and more iefént PDF
inhibitors. These results will probably help in thevelopment of an effective therapeutic tool i fiight against the
development of tuberculosis.

MATERIALS AND METHODS

1.1. Methods

1.1.1. Molecular docking

Docking is one of the commonly used computationethods in structure based drug design. Dockingeiptocess
of fitting of the ligand into the receptor. It notly gives an idea about how the ligand is goindpitad with the
receptors, but also about up to what extent cordtiomal changes can be brought in the receptoctstiet Docking
comprises two distinct tasks, the first being thediction of favorable binding geometries for a Bmaolecule in
the binding site of a target protein, and seconthg, estimation of the binding free energy of tlmmplex so
formed, also referred to as scorifit®, 20]

1.1.2. RMSD (Root Mean Square Deviation)

Equal to the average of the deviation of each ofnatcompared to the original molecule. The besievalf mean
RMSD between the placing of the ligand calculatgdtte software and the conformation in the expeniale
complex is the smallest possible. The ratio acecege?2 angstroms beyond which the prediction issmmred
irrelevant. The current standard for evaluating plegformance of a docking program is to make a tesh
hundreds of protein-ligand complexes crystallifeéd, 22]

This test was performed on 101 complexes avail@blee PDB and the RMSD determined. The predicRdMSD
is acceptable if the value does not exceed 2 A.

1.1.3. Lipinski rule
Lipinski's Rule of Five is a rule of thumb to detg@ne if a chemical compound with a certain pharnagioal or
biological activity has properties that would matka likely orally active drug in humans.

The rule made by Christopher Lipinsg3] Each drug must comply with several basic critesiggh as low cost of
production, be soluble, stable, but must also aonfm the schedules associated with its pharmaaabgroperties
of absorption, distribution, metabolism, excretamd toxicity(ADME/T0x).

Lipinski's Rule of Five states that an orally aetidrug must complete three of these fives propgseti
» No more than 5 hydrogen bond donors

* No more than 10 hydrogen bond acceptors

* No more than 15 rotatable bonds

» The Molecular weight is over 500 g/mol-1

e ThelogPisover5

1.2. Softwares :

1.2.1. FlexX 2.1.8, 2014

FlexX is one of the most established protein-ligatatking tools in the literature, it has provedh®e highly
successful in numerous drug discovery applicatif®4] Several subnanomolar inhibitors have been diseaver
with FlexX and are on the market after having pobtreeir potential as a drg5]. The technology behind FlexX is
based on a robust incremental construction algor{®6]. The scoring is done using a modified B6hm scoring
function (Equation.1),

AGZ_\ GD+L\ Gron?vra;+;‘ G.’Ji’: EH-Mnd f(m, A a}'!' AG faz ionic. int
f(.jR. _\ a} +A Garazam. fnrf(.’iR ,A a) +_'\ Gh’poE comnt h}uof‘!:(L\.R } { .I. )

1.2.2. Arguslab 4.0.1, 2003:
Arguslab is the drawing tool of choice to create @Buctures of proposed compounds in several fareath as
pdb, mol, mol2, etc.

1.2.3. Molinspiration:
Molinspiration cheminformatics packaghttp://www.molinspiration.con)/is used to test the toxicity and other
ADMET properties of inhibitors. It is maintained Byatislava University.
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1.3. Data collection

1.3.1. Drug target

In this study,Mycobacterium tuberculosis PDF is taken as a drug target. The 3D structurthisf enzyme was
retrieved from Protein Data Bank (PDBE)ttp://www.rcsb.org./pd/ The PDB ID of this enzyme is the 3E3U
trained by 167 residues of amino-acids.

1.3.2. Inhibitors

The PDF inhibiting drugs selected for the presemestigation were given (Fig. 1). Eight potentiaugs were
selected from PDB and PubChem compounds for ma@eadcking against active amino acids pocket in3be
structure ol\/lycobacteri um tuberculosis PDF.
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Figure 1: Drugs used in this study.

BB1 (BB3497): 2-[(formyl-hydroxy-amino)-methyl]- acid hexanoi€l-dimethylcarbamoyl-2,2-dimethyl-propyl)-
amide.

Actinonin : (2R)-N'-hydroxy-N-{1-[(2S)-2-(hydroxymethyl)pyrradin-1-yl]-3-methyl-1-oxobutan-2-yl}-2-
pentylbutanediamide

LBMA415 :N-(5-fluoro-1-oxidopyridin-2-yl)-1-[(2R)-2-{[formy(hydroxy) amino] methyl}hexanoyl]-L-prolinamide.
NVC : N-{3-[2-(1,3-benzoxazol-2-yl)pyrrolidin-1-yl]-2-byt-3-oxopropyl}-N-hydroxyformamide

GSK1322322 : N-[(2R)-3-[2-[6-[(9aS)-3,4,6,7,9,9a-hexahydro-1Hragino[2,1-c] [1,4]oxazin-8-yl]-5-fluoro-2-
mthylpyrimidin-4-yl]hydrazinyl](cyclopentylmethylB-oxopropyl]-N-hydroxyformamide.

VRC3375 (CID : 488029): tert-butyl (2S)-1-[(2R)-2-[2-(hydroxyamino)-2oxdgi]hexanoyl]pyrrolidine-2-
carboxylate.
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VRC 4307 (CID : 9824395) : 2S)-2-N-(4,5-dimethyl-1, 3-thiazol-2-yl)-1-N-[2ybdroxyamino)-2-oxoethyl]-1- N-
(3-methylbutyl) pyrrolidine-1,2-dicarboxamide.

6b (CID 11572551) 2- (5-bromo-1H-indol-3-yl)-N-hydroxyacetamide.
RESULTS AND DISCUSSION

1.4. The ability of molecular docking software FlexX:

Program performance had been evaluated on 10lallizestl protein-ligand complexes available in tH2BP The
docked binding mode was compared with the experahdinding mode and a root-mean-square distanb&S(R)
between the two was calculated by FlexX; a preatictf a binding mode was considered successfhleifRMSD
was below 2.0 A27]. In the following graphs, the results are givepémcent (%) at various intervals of RMSD.

o *= FlexX

50 |
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Graph 1. Results in % obtained by FlexX at variousntervals of RMSD (A)

The minimum RMSD overall is 0.0651A, while the maxim is 6.7099A. The majority of positive resultsrighe
range 0 to 1A.

In our results we noticed that the program Flexproduced the experimental data well. Indeed, 90.09RMSD
values were less than 2A. The RMSD values wereistam with the results of Kellenbergetral., (2004)[22],
showing that with any program the docking was sssfté when the RMSD was less than 2 A. This was als

consistent with the results obtained by Chikhi 2007[28], and Merzougt al., (2012)[29], who have shown that
the docking program FlexX produces reasonable bindiodes.

1.5. Study of the interactions involved in the inhibition of M. tuberculosis PDF by various molecules
Binding energies between ligand and receptor glaynost crucial role in drug designing. In this kydhe peptide
deformylase oM. tuberculosis was selected as drug target and binding energitss 8vinhibitors were evaluated
using the latest version of the program FleXKe results are shown in table 1:

Table 1: The Interaction energy (kj/mol) of peptidedeformylase and drugs obtained by molecular dockiy

Drugs Binding energy (kj/mol)
Actinonin -30.4808
BB1 -17.1813
GSK 13232 -28.5776
LBM -15.7954
NVC -27.0172
VRC3375 -29.8137
VRC 4307 -30.2279
6B -29.2761

In this study, it was observed that these compoumalge greater affinity towardM. tuberculosis PDF to
successfully inhibit this enzyme. Among these iithils, I'actinonin showed the highest docking scofe30.4808
Kj/mol showed highest binding affinity with the gi&je deformylase—drug interaction, followed by campd
VRC4307 and VRC337AG = -30.2279 Kj/mol and -29.813j/mol respectively).
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Interesting interactions were detected betwidetuberculosis PDF and actinonin with high number of matches (11
matches) and high interaction energies values &§&®8. kj/mol of the matched interacting groups, 6194 kj/mol

of the lipophilie contact area and -8.5317 kj/mbth® lipophilie-hydrophilie area), but the effexftrotatable bonds
has been carried out, they decreases the totaé sifothe docking solution to -30.4808 kj/mol (Tahb)e The
interactions are represented in the Fig 2
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Figure 2: Docking results for actinonin. Hydrogen londing is represented by dotted lines. Hydrophobimteractions are shown as green
lines. The numbers represent the interaction energy

The figure 2 shows that the actinonin penetratds int® the active site of the enzyme, forming seddydrogen
bonds with amino acid residues of the binding packeparticular, the metal binding group was ineal in five
hydrogen bonds (Fig. 2iwo by its carbonyl group with NH of Leu107 andela amine of GIn76, one by its NH
with carbonyl of Glu179 and two by its hydroxyl tvitnetal ion and carbonyl of GIn56.

The two carbonyl groups of actinonin are hydrogemded to the NH of Val50 and HOH208. An additional
hydrogen bond of the hydroxyl of pyrrolidin ringthvithe carbonyl of Asn48 further stabilizes theilitior in the
binding pocket.

Hydrogen bonds are not solely responsible for theraction of the ligand witM. tuberculosis PDF. The role of
hydrophobic interactions is also important in ekplag. The actinonin is stabilized by hydrophobiteractions
with the region S1 residues which is the bindirtg r the methionine side chain of the substrdtd50, Met145,
Leul07, His197, His148, Gly105, Glu104, Cys106, 144, His148 and Phel95 (Fig. 2).

The results obtained in our study were consistettt tivose found by other authors, e.g., Singh,V @adhvanshi, P,
(2009) [3.] who found that the actinonin was highest bindinfinay with PDF and Sharma, At al, (2009)[31]
who had shown that actinonin was a powerful inbibdf M. tuberculosis peptide deformylase.

1.6. Design of new potent inhibitors

In the perspective of developing new potent andengdfective inhibitors of the PDF, the structuretleé actinonin
was taken and several types of substitutions wemgecl on several positions (Fig 3).

Figure 3: Chemical structure of actinonin and targeed positions
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Interactions between actinonin derivatives &duberculosis PDF were studied using FlexX software. Results of
substitution are shown in Table 2. Docking caldala reveal that binding energy increase with abigned
inhibitors. The best binding energy was obtaineaddypound 6

Table 2: Binding energy betweerM. tuberculosis PDF and several actinonin derivatives

Compound 1 ‘s\_,o O ﬁ -34.7344
M 0= S
Compound 2 w O i N -34.5168
[
oH
M
Compound 3 '5\_,0 O . ~ -33.0464
]
MH2
Compound 4 ‘S\,O O l!": -36.9258
[
Compound 5 w O -35.5503
]
Compound 6 w O \/Q -38.6051
N OH
Compound 7 ‘s\/O O lll,I -34.4550
Py
Compound 8 w O E‘Cgl -31.3201
L]
M 0= e
Compound 10 3—"\_,0 O o R -33.3040
L]
OH
Compound 11 N -35.2535
p w O o S
By
MH2
Compound 12 3—'\/0 O l!"t’@ -33.8202
[
Compound 13 'lrf-\_’o O -33.5394
Py
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In the case of compound 6, the binding energy weaeased from -30.4808 Kj/mol to -38.6051

Kj/mol by introduction of a cyclopentyl methyl gnoun R1 position, a pyrrolidine ring in R2 positioand a
hydroxy phenyl group in R3 positions. The chemsatalicture of proposed compound is presented ifrign&

OH
H
N 0
o
H
N
N SoH
)

Figure 4: Chemical structure of compound 6
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Compound 6: 1-[2-(cyclopentylmethyl)-3-(hydroxycarbamoyl)proymeyl]-N-(2-hydroxyphenyl)pyrrolidine-2-
carboxamide

The inhibition mechanism of this new compound talvkf. tuberculosis PDF was studied using FlexX Tools.
Visual analysis shows that compound 6 is well paséd on the active site of PDF (Fig 5).

Cys106

Giy105 Phetos

Giydd

o AN
f
R
\HN----' Hoh208
Asnd8 _H

Figure 5: Binding modes of compound 6 with the actie site ofM. tuberculosis PDF

The compound 6 established interactions similathed of our original inhibitor, actinonin. The bindg energy
increase might be attributed to the formation of iydrogen bond between the NH of inhibitor anddagbonyl of
Asn48 and supplementary hydrophobic interactiorth thie Gly49, Gly51 et Phe195 (Fig. 5).

1.7. Prediction of pharmacological properties

The ADME/Tox screening of the proposed inhibitampound 6, has not shown any negative result:
- Molecular weight = 402.47g/mol

- Partition coefficient log P = -0.98

- Hydrogen bond donors = 3

- Hydrogen bond acceptors = 7

- Flexible bonds = 8

It could be seen that the molecular weight of #asnpound is less than 500g/mol which fulfill thetemia of
Lipinski's rule, the values of the hydrogen bondndis, acceptors and flexible bonds were also lkas the
maximum extent permitted by Lipinski's rule; whigfdicates the potentiality of this molecule to beeodrug, it is
accepted to be orally bioavailable.

CONCLUSION

FlexX can be considered sufficiently effective siticreproduces quite well the experimental reswiscan suggest
the substituted compound 1-[2-(cyclopentylmettBARydroxycarbamoyl)propanoyl]-N-(2-
hydroxyphenyl)pyrrolidine-2-carboxamide as a newepb peptide deformylase inhibitor with an interastenergy
a bit less to that of actinonin and with interegtpharmacokinetic properties.
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