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ABSTRACT

InfectionsbyStaphylococcus aureusareaserioushealthcareproblem,withahighalertforresistant
strains.TheWorldHealthOrganizationcharacterizedthemethicillin-resistantS. aureusinthehigh
prioritygroupforthedevelopmentofnewantibiotics.Followingthisneed,inhibitionofDNAgyrase
presentsitselfasaninterestingdrugtarget,duetothelackofhomologsinmammalian,anditcouldbe
awaytoovercometheresistanceproblem.Inthisstudy,classificationstructure-activityrelationship
modelsbasedontherandomforestalgorithmwereemployedtoclassifyantibacterialcompounds
actingasDNAgyraseinhibitors.Themodelsweregeneratedandvalidatedfortheclassificationof
antibacterialactivity(externalMCC=0.775),DNAgyraseinhibition(externalMCC=0.577),and
aconsensusofthesetwoendpoints(externalMCC=0.577).Thestructuralinterpretationhighlighted
therelevanceofheterocyclesubstituents.Thisinformationmayprovideunderstandinginthestructure-
activityrelationshipofthiscompoundsclass,providinginsightsforfurtherdevelopments.
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1. INTRoDUCTIoN

Antimicrobialresistanceisafrighteningproblemspreadaroundtheworld.Itisresponsibleforthe
increaseof thedeathrisk,specifically inhospitalizedpatientsdue tomultidrug-resistant (MDR)
bacteria(Giskeetal.,2008;Maragakisetal.,2008;Nelsonetal.,2017).ThenumberofnewMDR
strainsincreasedasaresultofthecombinationofdifferentfactors,suchastheindiscriminateuseof
antibiotics(Fleming-Dutraetal.,2016;CentersforDiseaseControlandPrevention(U.S.),2019).
DuringtheCOVID-19pandemic,despitetherarenessofbacterialco-infections,mostpatientswere
treatedwithantibiotics(Calderón-Parraetal.,2021).Additionally,agricultureandlivestockplay
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animportantroleinthisproblem(Boeckeletal.,2015;Manyi-Lohetal.,2018;VanBoeckeletal.,
2019).Annually,theglobalhumandeathestimativeis700,000andin2050willexpecttoreach10
million (Ghoshet al., 2019).Besides thisunfavorable scenario,pharmaceutical companies’ lack
ofnewantibioticscouldrepresentamajorrisktohumankindleadingtoanew“pre-antibioticera”
(Gajdács,2019).

Tohelpovercomingthisneed,in2017,theWorldHealthOrganization(WHO)setthepriorities
toantibacterialdevelopment.Thisprioritylistclassifiedpathogensintothreeclassesaccordingto
theirurgency:criticalpriority,highpriority(wherethemethicillin-resistantStaphylococcus aureus
[MRSA]isincluded),andmediumpriority(WorldHealthOrganization,2017).Forthedevelopment
ofnewantibacterialdrugs,itisdesiredahighselectivityagainstthepathogentoavoidtoxicityinthe
host.Thesimplestwaytoachievethispropertyistouseessentialtargetsinthebacteriametabolism
thatisabsentinthehumanorganism.FollowingtheseguidelinesaretheS. aureusDNAgyrase,an
essentialenzymeforgeneticmaterialreplicationandhasnodirectcounterpartinmammaliancells.
ThisenzymeisresponsibleforintroducingnegativesupercoilsintoDNAinadvanceofthereplication
fork.TheDNAgyrasedisplaysthebiologicalactivityasheterotetramericstructurescontainingtwo
substructuresA(GyrA)andB(GyrB)forDNAgyrase,whereGyrBisresponsibleforATPhydrolysis
andprovidestheenergyrequiredforthereactioncatalyzedbyGyrA.Theothertwosubstructuresare
fortopoisomeraseIV(Collinetal.,2011;Grossetal.,2003).

Recently,drugdesigncompanieshavebeensuccessfulinshowingDNAgyraseinhibitionthrough
theuseofdifferentchemicalscaffoldssuchasSchiffbases(Salem,Ragab,El-Khalafawy,etal.,2020),
quinoxalines(Ammaretal.,2020),coumarin-thiazolylesters(Liuetal.,2020),andothers(Kolaričet
al.,2021;Salem,Ragab,Askar,etal.,2020;Werneretal.,2015).In2020,aseriesofN-thiadiazole-4-
hydroxy-2-quinolone-3-carboxamideswassynthesizedandtestedagainstS. aureusandseveralother
gram-positivespecies(Xueetal.,2020).Oneofthemostactivecompoundsshowed,beyondtheDNA
gyraseBinhibition,antibacterialactivity,andaviablepharmacokineticprofile,beingmetabolically
stableaswellasorallyactive.Followingtheseresults,thisworkaimedtounderstandandpredictthe
DNAgyraseinhibitionandthebactericidalactivityofthismoietyderivatives,usingclassification
RandomForest(RF)modelsforthesetwoendpoints.

2. MATERIAL AND METHoDS

2.1. Dataset Compounds
Thirty-sevencompoundswithinhibitoryactivity(IC50)againstS. aureusGyrBaswellasminimum
inhibitoryconcentration(MIC)againstS. aureus(ATCC29213)(SupplementaryTableS1)synthesized
andtestedunderthesameexperimentalconditionswereemployedinthiswork(Xueetal.,2020).The
3DstructuresofcompoundswerebuiltandenergeticallyminimizedusingDiscoveryStudio(Discovery 
Studio Visualizer,2020).After,theionizationstateswerecorrectedaccordingtophysiologicalpH
usingQUACPACsoftware2.0.0.3(QUACPAC,2020),followedbyconformationalanalysisaiming
togenerate themost stable conformerof eachcompoundemployingOMEGA3.1.0.3 (Hawkins
etal.,2010;OMEGA,2020).Bothbiologicalactivitieswereconvertedtotheirnegativelogarithm
values(pIC50andpMIC)beforechemometricanalysis.Allcompoundswereclassifiedintoactiveand
inactivecompoundsformachinelearningtraining.Threeclasseswerecalculatedandusedasinput
toMLalgorithm:(i)compoundswereclassifiedasactive/inactiveusingtheaveragevalueofpIC50
(6.237);(ii)compoundswereclassifiedasactive/inactiveusingtheaveragevalueofpMIC(2.130);
(iii)compoundswereclassifiedasactive/inactiveafterHierarchicalClusteringAnalysis(HCA)using
bothbiologicalactivitiesasaconsensusclassification(anattempttoclassifythecompoundsthat
couldinhibitthemoleculartargetand,simultaneously,presentantibacterialactivity).

Thedatasetcompoundswereseparatedintrainingandtestsetscontaining80%and20%ofthe
totalnumber,respectively,accordingtohierarchicalclusteranalysis(HCA)ofthreemainspaces:
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