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Abstract: The structurally related bacterial topoisomerases DNA gyrase (GyrB) and
topoisomerase 1V (ParE) have long been recognized as prime candidates for the development
of broad spectrum antibacterial agents. However, GyrB/ParE targeting antibacterials with
spectrum that encompasses robust Gram-negative pathogens have not yet been reported.
Using structure-based inhibitor design, we optimized novel inhibitor series with potent, dual
targeting activity against GyrB and ParE.
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Introduction

Bacterial resistance to antibiotics has become an important public health problem and there is a
continuing need to develop newer and more potent antibiotics. Development of new antibacterial agents with
novel mechanisms of action is required to overcome the problem of bacterial resistance that affects all currently
used classes of antibiotics. Bacterial DNA gyrase(ParE) and topoisomerase IV (ParE) are type Il
topoisomerases involved in modifying the DNA topology during the replication process by unlinking DNA and
facilitating chromosome segregation *. Topoisomerase IV forms a C,E, tetramer responsible for segregation of
the chromosome at cell division “*%. The ParC subunit castalytic domain is the site of topoisomerizationfor
catalyzing the double-stranded DNA break “*whereasParE subunit catalyzes the hydrolysis of ATP and provide
free energy necessary for these reactions *"®. The GyrB and GyrAsubunits of the DNA gyrase A,B, tetramer
which catalyzes negative DNA supercoiling during the initiation and elongation processes of DNA replication
*10 have extensive sequence homology with, respectively, ParE and ParC subunits.Bacterial DNA
gyrase(GyrB) and topoisomerase 1V (ParE) are well established and attractive targets for the development of
antibacterial agents. In recent years there has been considerable interest in discovering and developing novel
inhibitors containing that target both GyrB and ParE enzymes. In both Gram-negative andGram-positive
bacterial resistance is commonly associated with mutations in topoisomerase GyrB or ParE or mediated by
efflux **"or is associated with both mechanisms ****!* that a single residue (GyrB 178 and ParE M74) is
responsible for the differences in novobiocin potency between these type Il topoisomerases.

GyrB and ParE havestructural similarities in their conserved active sites, subunit organization, and
antibiotic sensitivity to coumarins and quinolones™*® and are also independently essential for bacterial growth.
The structural similarity of GyrBto ParE places both enzymes into the GHKL phosphotransferase superfamily
17
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The structural similarity between 43-kDa E. coliParEand 43-kDa E. coliGyrBis remarkable™. The
majordifference between these two structures are in the long a-helices that are present at the C terminus of each
monomer. In case of GyrB, the long a-helices from each monomer stack themselves in close proximity,
whereas these long a-helices display greater openness in ParE dimer compared to the GyrB structure.The
distance between the Ca carbons betweenresidue A383 and its equivalent (A383') in the ParE dimer was found
to be 22.8 A, whereas thedistance between the Co carbons two equivalent structural residues (R386-R386’) in
GyrB is 9.8 A. In ParEenzyme structural differences was discovered to start at the D217 residue and continued
tillto the end of the protein.The equivalent residue (G220) in GyrBis glycine and this explain the shift in the a-
helices. The relevance for a-helical openness in TopolV function is not known, which could be an artifact of
crystal formation or in full-length ParEthe extent of openness may be different.

The prokaryotic type Il topoisomerases differ sufficiently from eukaryotic type Il topoisomerases with
highly conserved catalytic domains within many clinically relevant bacteriaand are considered attractive
antibacterial targets. Based on these properties design of specific bacterial inhibitors with broad spectrum of
action is possible and designed dual-target inhibitor with equal potency will have the potential the potential to
reduce the development resistance because two independent resistant mutations from each target would be
required for the development of resistance™.

Experimental

Fragment-based drug discovery (FBDD) is an alternative approach to high-throughput screening for the
generation of fragment leads for targets in both industry and academia. Small-molecule drug discovery has
always been challenge for the researchers. Fragment-based lead discovery is a potential solution and becoming
increasingly popular *° for lead identification and optimization. The goal FBDD is to build drug leads in pieces
by small molecular fragments. These small fragment leads are then either linked together or expanded. The
fragments are small molecules weighing less than 200-300 Da, with fewer than 15-20 heavy atoms. The
concept of fragment-based lead discovery was first proposed 25 years ago “*%, but after advent of molecular
modeling and drug design tools, FBDD became very popular, with the discovery of few drug candidates and
there have been considerable recent advances in the area of fragment merging and linking. The advantage of
FBDD discovery is that the designed molecules are likely to have a higher ‘ligand efficiency’ to the molecules
discovered through conventional methods.

Various approaches for fragment linking have proven successful with carbonic anhydrase and click chemistry
was successfully used to discover bovine CA Il inhibitors %%, In another approach of FBDD, a surface
histidine residue was exploited to bind to a metal-chelating fragment *.In recent years fragment based drug
design has been successfully applied for the discovery of dipeptidyl peptidase-IV (DPP-1V)®, thrombin,
ribonuclease A%, p38a MAP kinase®’, matrix metalloproteinase (MMP-13)%, hepatitis C virus NS3 protease—
NS4A cofactor complex (ns4a—ns3p)*and PDE4*inhibitors.

The main objective of our present study was to identify dual of the DNA GyrB and ParE enzymes and
for this we employed the concept of fragment-based drug design®=? and designed 10 compounds with high

binding affinity for both DNA GyrB and ParE enzymes. The X-ray crystal structures of DNA GyrB (PDB code
4DUH) and IV ParE (PDB code 1S14) subunit were prepared using the Protein Preparation Wizard available in
the Schrodinger Suite 2014. Fragment librarywas built from known inhibitors and fragments were prepared
using Schrodinger’s LigPrep software. Ligands were desalted and tautomers generated. The OPLS2005 force
field was used for geometric optimization. Additional settings for both protein and ligand preparation utilized
default parameters.

Figure 1.Docking of compound most active  Figure 1. Docking of compound most active
ligand in the active site of 1KZN ligand in the active site of 1S14
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Tablel. Docking results of designed molecules in the active site of ParE (PDBID:1S14)

Ligand GS;:or DockScore LC'ESEC\'/I ' | HBond | Electro| LowMw ExposPenal| RotPenal
1 -7.33 -7.33 -4.52 -2.19 -0.44 -0.2 0 0.33
2 -6.67 -6.67 -4.38 -2.59 -0.28 -0.27 0.36 0.48
3 -6.13 -6.13 -4.9 -0.99 -0.44 -0.32 0 0.52
4 -5.83 -5.83 -4.97 -0.97 -0.15 -0.15 0 0.41
5 -5.78 -5.78 -4.62 -0.75 -0.58 -0.21 0.02 0.44
6 -5.77 -5.77 -4.68 -1.04 -0.31 -0.17 0 0.42
7 -5.76 -5.76 -4.26 -1.27 -0.14 -0.17 0 0.32
8 -5.58 -5.57 -5.18 -0.53 -0.14 -0.12 0 0.39
9 -5.56 -5.56 -4.66 -0.7 -0.39 -0.41 0 0.6

10 -5.79 -5.52 -4.43 -0.89 -0.17 -0.18 0 0.43

Tablel. Docking results of designed molecules in the active site of GyrB (PDBID:1KZN)

Liga GScore| DockScore Lipophili HBond | Electro | LowMW| ExposPenal | RotPenal
nd cEvdW

1 -5.81 -5.8 -4.3 -1.71 -0.22 -0.27 0.18 0.48
2 -5.73 -5.73 -4.27 -1.01 -0.41 -0.12 0.08 0.39
3 -5.73 -5.73 -4.56 -0.96 -0.5 -0.41 0.1 0.6
4 -5.47 -5.47 -4.14 -1.05 -0.45 -0.27 0.35 0.48
5 -5.44 -5.43 -4.69 -0.35 -0.23 -0.21 0 0.44
6 -5.18 -5.17 -4.3 -1 -0.34 -0.17 0.21 0.42
7 -5.08 -5.08 -4.34 -0.65 -0.14 -0.32 0.25 0.52
8 -5.05 -5.04 -4.58 -0.7 -0.11 -0.17 0.09 0.42
9 -5.04 -5.03 -3.39 -1.23 -0.32 -0.15 0 0.41
10 -5.03 -5.02 -4.48 -0.7 -0.16 -0.21 0.08 0.44

Resultsand Discussion

In case of 1KZN (GyB)most of the compounds formed multiple hydrogen bonding with Asn46, Ala 96,
Ser121,Asp73,Arg76, residues. Compound 1 which showed highest docking 5.81 Kcal /molexhibited hydrogen
bonding with Asn46 and Ala 96. Some of the compounds also showed Pi-pi-stacking with Ala96. In case of
1S14 (ParE) most of the compounds exhibited hydrogen bonding with Asn1042, Arg1132, Val1118 and
Aspl1069 residues. Compound which showed highest docking score 7.3 Kcal/mol exhibited hydrogen bonding
with Asn42. Some of the compound also exhibited Pi-cation interaction with Arg1072.However, in comparison
to the 4-{[4'-methyl-2'-(propanoylamino)-4,5'-bi-1,3-thiazol-2-ylJamino}benzoic acid, no hydrogen bonding
was observed with Arg136 in most of the compounds 3a-1. In compound 3a H-atom of the hydroxyl group of
the side chain at second position of the thiazolidinone ring formed H-bond (2.06 Ao) with OH function of the
carboxylic group of Asp 73 where as the O-atom of same group formed two H-bonds with the —-NH function of
the amide linkage between Gly 77 and Arg 76 and with -OH function of the carboxylic group of Thr 165 (1.83
Ao and 2.25 Ao respectively) (Figure 1 and 2). In compound 3c O-atom of hydroxyl group of the side chain at
second position of the thiazolidinone ring formed two H-bonds with NH function of amide linkage between Gly
102 and Lys 103 and NH function of amide linkage between Lys 103 and Phe 104 and (2.13 and 2.39A0
respectively). In compound 3c another H-bond (1.76 Ao) was observed between H-atom of hydroxyl group of
the side chain and >C=0 function of the amide linkage between His 99 and Ala 100 residues (Figure 3 and 4).

1514 (ParE)

Hydrogen bonding interaction was observed in all the designed compounds (Table 3). However, in
comparison to the standard drug novobiocin, no hydrogen bonding was observed in the designed compounds
with Arg1132 and Asp1077 residues. In all designed compounds hydrogen bonding was observed between H-
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atom of hydroxyl group of the side chain at the second position of the thiazolidinone ring with Asp 1069, Glu
1046, Asn 1042, Arg 1072, Gly 1073 or Thr 1163 residues. In compound 3a and 3c H-atom of hydroxyl group
of the side chain at second position of the thiazolidinone ring formed H-bonds (2.20 and 1.88 Ao respectively)
with >C=0 function of the amide linkage between Asp 1045 and Glu 1046 residues (Figure 5-8).
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