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ABSTRACT

A piggyback or drug repositioning approach to drigcovery and development was applied in findintgg kel
inhibitors ofenoyl reductase (InhA), an enzyme lvea in fatty acid and cell wall synthesis of Mbeuoculosis. The
questsprang from entacapone, a drug for Parkinsalis&®ase, which was also found to inhibit InhA emzyA
compound database was scoured to search for entaealike structures, which were then filtered based
LibDock scores. The hits were subsequently doakedmhA binding site by the use of CDocker prot@sa their
binding energies were calculated. The results sldotluat the dimer, and an alcohol and piperazineidsives of
entacapone are potential inhibitors of InhA. H-bowgd and 77~/ interactions with nicotinamide adenine
dinucleotide(NAD) at the binding pocket are salidaatures in binding interactions. Interestinglhfet four
entacapone analogues exhibited greater bindinghigffiwith InhA compared to entacapone itself and tfative
ligand,5-pentyl-2-phenoxyphenol.

Keywords. Mycobacterium tuberculosisentacapone analogues, InhA inhibitors, LibDockpo€ker, drug
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INTRODUCTION

Tuberculosis is an infectious disease caused bpdb#lusMycobacterium tuberculosihat most often affects the
lungs. It is transmitted from person to person diaplets from the throat and lungs of people wtik fctive
respiratory disease [1]. Common symptoms of achivey TB are cough with sputum and blood, chest fain
weakness, weight loss, fever and night sweatsOIiB2almost 9 million people worldwide fell ill arid5 million
died with TB [1]. In the Philippines, tuberculosssthe sixth leading cause of death in 2009[2].

Standard anti-TB drugs have been used for decdmggesistance to these medicines is remarkableasing.
Multidrug-resistant tuberculosis (MDR-TB) is a forofi TB caused by bacteria that do not respond ttdeast,
isoniazid and rifampicin, the two most powerfutsfiline anti-TB drugs [1]. There were about 480,@@ople who
have developed MDR-TB in2013, and about 9% of theases were XDR-TB (Extensively Drug-Resistant
Tuberculosis) [1]. XDR-TB is a form of TB caused lgcteria that are resistant to isoniazid and nifiam as well

as any fluoroquinolone and any of the second-limdi-BB injectable drugs (e.g. amikacin, kanamycin,
orcapreomycin). In2013, 100 countries hadat least @ase of XDR-TB [1]. With the rise of MDR-TB axdR-
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TB, the increasing demand for new agents agairntstréulosis calls for earnest research efforts on dfig
discovery.

Drug discovery is an expensive and extensive erateaMevertheless, computational techniques suahascular
docking, quantitative structure-activity relatioish(QSAR), ADME (absorption, distribution, metatsofi,
excretion) measurements, and database screenings bdeen proven valuable in speedy discovery of new
therapeutics [3]. Recently, the concept of labékersion or the use of so-called off-label drugs] guiggyback’
strategies are also gaining popularity. The labkétresion approach involves extending indicationsamfexisting
treatment to another disease [4, 5]. This is atfask approach that extensively reduces cost iamgl ltabilities for
drug development [6]. The ‘piggyback’ strategy, tbe other hand, utilizes identified active compaatisat have
already been thoroughly evaluated as drugs or Jeadstarting points in drug development [7]. Tdpproach led to
the identification of entacapone as possible ledtié development of new anti-TB compounds|[8].

Entacapone was shown to inhibit the enol-acyl earprotein reductase or InhA enzyme, which is trgdt of the
first line drugs: Isoniazid [9, 10] and Ethionamidd]. Isoniazid is activated within the mycoba@eécell by the
KatG catalase and the activated molecule suppréssdsosynthesis of mycolic acid, which makeshgp¢ell wall,
through the inhibition of InhA, a key enzyme of ttype Il fatty acid synthesis (FAS) system[12]. M@oniazid
resistance is mediated through mutations in Kat@ifeg to the inability to activate the drug [13,14]s therefore,
instructive to search for direct inhibitors of Inht&é avoid much of the current resistance by bypasihe
requirement for KatG activation.

Entacapone is a nitrocathecol drug that has beeavepr to directly inhibit the action of cathecol-O-
methyltransferase (COMT) [15]. It has been widebed for the treatment of Parkinson’s disease, wisch
degenerative disease caused by the depletion @fndop in the brain. Entacapone alters the pharnietés of
levodopa, an amino acid that can be converted pamiine, by delaying its breakdown and making itlatsée for
dopamine conversion [16]. Interestingly, using cleinsystems biology approach, Bourne and coworkauad
that entacapone also potentially inhibits tile tuberculosisinhA[8]. Indeed, they found experimentally that
entacapone inhibited the growth Mf tuberculosisvith a minimal inhibitory concentration (Mg of 260uM, and
the drug Comtan inhibited InhA activity by 47% aterapone concentration of @M. Having safe drug profile and
inhibitory action agains¥l. tuberculosisentacapone could serve as potential lead forduhmsis treatment [8].

In this study, we used entacapone as our startiaggnml to find structurally related compounds teah also
potentially inhibit InhA and could be pursued aads in the development of new anti-TB compoundeniMine
(chemmine.ucr.edu), a compound mining database, skasened for compounds based on the structure of
entacapone. The resulting entacapone-like hits weoked into the InhA enzyme. The analogues withDioick

[17, 18] scores greater than that of entacapone aa@sequently docked using CDocker [19] to obtaénbinding
energy, and determine the nature of ligand-tangetractions. The high-affinity entacapone analogdestified in

this study mayprovide access to a new class dfudticular agents.

EXPERIMENTAL SECTION

Structural Data for Docking

The crystal data fal. tuberculosidnhA enzyme (PDB entry cod2B36) was downloaded from the RCSB Protein
Data Bank (http://www.rcsh.org/pdb). ChemMine Samitly Comparisons tool (http://chemmine.ucr.edudswised
in searching for entacapone analogues. The SMIL&S&tion for entacapone was used as input in seaydir
similar structures from ChemMine database. Thecap@ne analogues were downloaded and saved dkesdf f

Preparation of Structures for Docking

Molecular docking studies were performed using Bigey Studio (DS) 2.5 (Accelrys, Inc.). The enzysteicture
waspreparedthrough removal of water molecules astbration of missing hydrogen atoms. The pH ofetheyme
was adjusted to 7. The docking sphere was posti@neund the site where the bound inhibitor wastied. The
entacapone analogues were prepared by means ofjaué@sing hydrogen atoms and optimizing the stinectThe
analogues, with Tanimoto coefficients [20, 21]geedhan 0.90, were selected for molecular dockindiss.

Molecular Docking
Each entacapone analogue was docked into the Imig uhe LibDock protocol in DS. For each ligande t
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LibDock score was recorded. The analogues that siaeater docking score than entacapone were cpudysidy
docked to the enzyme using the CDocker protocoichvemploys the CHARMmM force field. The best posedach
ligand wasobtained as well as the correspondingditinenergy.

RESULTSAND DISCUSSION

Search and Screening for Potential Inhibitors

The promising bioactivity of entacapone agailkttuberculosisinhA [8] stimulates the search for structurally
similar compounds with antitubercular activity. Aecdingly, we looked for entacapone-like compoundsmf
ChemMine database and evaluated the top hits feir tiinding ability with the InhA target. Specifiba the
entacapone analogues were docked to InhA, initiadiyng LibDock, and the docking score for eachrljavas
obtained. The LibDock score is a measure of thength of binding between a receptor and a ligartdglaer score
indicates stronger binding interaction betweentthe [17]. Examination of the LibDock data (Table rEvealed
that the scores for compounds— 4 have exceeded that of entacapone and the bouaddligs-pentyl-2-
phenoxyphenol, signifying that these four entacapamalogues would bind with the InhA target morersjly than
entacapone itself, even the native ligand.

Table 1. Structure similarity and molecular docking data for 5-pentyl-2-phenoxyphenol, entacapone, and itsanalogueswith M.
tuberculosis InhA asdrug target

Tanimoto LibDock Binding Ener gy
Compound Database ID Structure Coefficient Score (kcal/mol)
OH
O,N OH
¢N
O NH
1 4370591 \ 0.90 141.82 -98.43
NH
4N
o
OH
OH
NO,
OH
O,N OH
¢N
2 18990394 0.93 105.15 -91.44
O NH
H\OH
OH
ON OH
3 18990375 N 0.94 109.26 -81.05
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OH

O,N OH
4 22161977 |N| 0.92 113.79 -56.97
o N/L‘
N
OH
O,N OH
4659568 N
5 (Entacapone) = 0.99 100.18 45.41

[\

5-pentyl-2- =
phenoxyphenol - - - -29.20
(native ligand) OH

Molecular Docking of Top 4 Hits

The top four compounds were then subjected to dartfocking studies using CDockerto obtain the igdinergy.
CDockeris a docking algorithm based on CHARMmM fdiietd. Molecular docking by CDocker was accomptigh
by the use soft-core potentials with an optionald gepresentation. CDocker employs molecular dywcami
simulation to generate random ligand conformations. each of the conformations, rigid-body rotaticsrsd
translations were applied to obtain ligand posé% [Wolecular dynamics-based simulated annealing peaformed
and the energy of the receptor/ligand complex vas tminimized. Since CDocker utilizes soft-coreeptigls, it
was able to cover the conformational space of smalecules and macromolecules making CDocker alwigsed
algorithm in various docking studies [22].

Table 1 also shows the binding energy for compouned against InhA target. The binding energy is an irtgortt
factor to consider in an enzyme-substrate intesactit is the underlying principle that governs xinoity,
orientation effects, substrate strains, etc. thatthought to effect catalysis as well as enzyntgbition [23]. A
more negative binding energymeans more favorabidifg interaction. As expected, the entacapondéogues
with high LibDock scores also exhibited greaterdig energies compared to that of entacapone.

The PDB file 2B36 used in this study provides thgstal data for InhA in complex with the bound ibitor,5-
pentyl-2-phenoxyphenol.This inhibitor forms hydragbonds with NAD coenzyme at the binding site o th
enzyme.n-n interaction also exists between the NAD coenzyme @ne of the aromatic rings of this compound.
The binding energy for 5-pentyl-2-phenoxyphenohwithAis -29.20 kcal/mol.

The three-dimensional (3D) interaction diagréiagure ) for the 2B36 enzyme-entacapone complex shows the
spatial orientation of the inhibitor within the &t site of the enzyme. The spatial orientatioemtacapone (shown

in pink) has also been compared to that of 5-pe2qyhenoxyphenol(shown in orange). It is worthynote that
entacapone and the native inhibitor both occupystitee region in the enzyme. Some parts of the ihibitors are
superimposed on each other, showing the degreiendfssty of the binding of the two inhibitors tmhA enzyme.
Like the nativelig and, entacapone participatelyidrogen bonding with NAD coenzyme. The hydroxylieties

act as hydrogen bond donors. The NAD coenzyme iakepacts with the aromatic ring of entacapone w4a
interactions. Interestingly, entacapone yieldednalibg energy of -45.41 kcal/mol, which is bettean that of the
bound ligand. This is not surprising since entacaphas been demonstrated to inHibituberculosisas mentioned
above [8].
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Figure 1. 2D (top) and 3D (bottom) representations of Entacapone (4659568) docked onto I nhA receptor. Entacapone (shown in pink)
and the native ligand 5-pentyl-2-phenoxyphenol (shown in orange) are overlaid at the binding pocket of InhA (bottom)

The entacapone derivative Compound 4370591(leigure 9 has the greatest (most negative) binding energy of
98.43 kcal/mol. Compountl is a kind of dimer of entacapone. As seen from2bediagram, there is a stromgr
interaction between the nitro group of the ligamd @HE149. In addition, H-bonding also occurs betwe
NAD301:H24 (donor) and 4370591:N15 (acceptor). iObsly, 1 interacts with much more residues at the binding
site compared to the native ligand and entacapesalting in a stronger binding interaction witle inhA enzyme.
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Figure 2. 2D (top) and 3D (bottom) representations of Compound 4370591 or 1 docked onto InhA receptor. Compound 1 (shown in pink)
and the native ligand 5-pentyl-2-phenoxyphenol (shown in orange) are overlaid at the binding pocket of InhA (bottom)

The second-rank compound, Compound 189903%li®ma piperazine derivative of entacapone. Whenlaigeto

the native ligand? forms considerable overlap with 5-pentyl-2-pherghgnol. They occupy the same space in the
binding site. A number of H-bond interactions wamted with ligand® including those between hydrogens of the
aromatic ring and NAD301, and between the oxygethefitro group and ALA198-n interaction is also formed
between NAD301 and the aromatic ring of the ligafidese interactions contributed predominantly #® hinding
energy of -91.44 kcal/mol, a value that is muchatgethan that of the native ligand and entacapone.

The third high-affinity analogue of entacapone ign(ound 18990375 a8, with a binding energy of -81.05
kcal/mol. Compound is a hydroxyl derivative of entacapone. SimilaByforms more interactions with InhA
compared to the native ligand and entacapone. HHlixeraction was observed between the oxygen efitro
group of the ligand and the MET199 residue. Tharldy through its aromatic ring, interacts with NAT}3at the
binding site. Additional interactions with MET10B,E215, and ALA198 also contributed to the morediable
binding energy. It is also noteworthy that uponesupposition, there is a significant overlap betwéle native
ligand and3 (not shown), indicating structural similarity ahishding orientation.
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Lastly, Compound 22161977 dgreturned a binding energy of -56.97 kcal/mol. d.lk— 3, it has more ligand
interactions compared to the native ligand andcapane. Analogud is a nitrile-substituted piperazine derivative
of entacapone. The 2D interaction diagram inv@ddisplays ar-n interaction between NAD301 and the aromatic
ring of the ligand. NAD301 also established H-bogivith the same aromatic ring of the ligand. Maeo both
ILE197 and ALA198 formed H-bond interactions wiltetoxygen of the nitro group.

In general, one common remarkable feature in therastions of entacapone analogues with InhA is the
involvement of NAD coenzyme. NAD significantly coitutes to the H-bonding patterns of the ligandsal$o
allowst-n interactions that stabilize the ligand at theacsite. The NAD coenzyme, when present at theifgnd
site, is apparently crucial in direct inhibition lohA enzyme.

CONCLUSION

The structure analogues of entacapone, an Alzh&@rdarg that also exhibits antimycobacterial atyivhave been
identified from ChemMine database by the use oSitsilarity Comparisons tool. The analogues wetessguently
docked toMycobacterium tuberculosisnol-acyl carrier protein (InhA) enzyme, whichtlie target of the TB drug
Isoniazid, and known ligands such as entacaponebagpehtyl-2-phenoxyphenol. Out of a score of empane
analogues identified from ChemMine, four exhibig@ater binding energy than entacapone itself hadnhA-
bound ligand, 5-pentyl-2-phenoxyphenol. Specificathe dimer of entacapone as well as a hydroxgd &wo
piperazine variants of entacapone are potentiatlyenactive as direct InhA inhibitors compared witie bound
ligand and entacapone. Examination of the intevaafiagrams involving these high-affinity entacapalerivatives
revealed that the binding predominantly involvetbisg) =1t and H-bonding interactions with the bound NAD
cofactor. The results of this work encourage furtthevelopment of a new class of direct InhA intdbit based on
entacapone structural motif.
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