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ABSTRACT

TheNewDelhiMetallo-β-lactamase1 (NDM-1) isaclassofMetallo-β lactamaseenzyme. It is
responsibleforhydrolyzingalmostallβ-lactamantibiotics,leadingtomulti-drugresistanceinbacteria.
Thelackofspecifictherapeuticoptionsagainstthistargetcreatesanemergingneedtodevelopnew
moleculesagainstit.Themultistepfragment-andknowledge-basedde-novodesignmethodswere
considered for this study todesign smallmolecules.Thedesignedmoleculeswere evaluatedby
moleculardockinganddynamicssimulation,followedbydrug-likenessprediction.Thisstudyreports
thatanewdrug-likechemicalentityexhibitsgoodbindingbehavioragainsttheMDM-1enzyme.
Nonetheless, in-depthbiologicalevaluation is required todetermine theefficacyof thedesigned
binderstodevelopnewtherapeuticsagainstNDM-1.
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1. INTRoDUCTIoN

Thesuppressionofpathogenicbacterialinfectionhasplaysanimportantroleforhumanhealthin
allover theworld.Outofall theβ-lactamantibioticsplayanimportantrolefor thetreatmentof
pathogenicbacterialinfectionsbyinhibitingbacterialcellwallsynthesisbyimitatetranspeptidase
andavertcross-linkingofpeptidoglyconstands.(Sauvageetal.,2008)Butextensiveusesofβ-lactam
andotherantibioticsleadstorapidincreaseinantibioticresistance,creatingthehealthcrisisinthe
worldwithreduceeffectivenessofantibiotics.(Khanetal.,2017b)ThisisduetoclassBβ-lactamase
alsoknownasmetallo-βlactamase(MBL)whichhydrolysismostoftheβ-lactamantibioticsbyone
ortwozincionspresentatitsactivesiteanddoesnotfollowthecovalentcatalyticmechanism.This
eventmakesitresistanttoalmostallβ-lactum-basedantibiotics.(Crowderetal.,2006)TheMBL
familyhasbeenmainlyclassifiedinthreesubclassesB1,B2,B3.(Wangetal.,1999)Thesubclass
B1metallo-β-lactamasesuseeitheroneortwoequivalentzincunit.SubclassB2metallo-β-lactamases
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areuseanyoneequivalentzincbutatseparatebindingsiteotherthansubclassB1enzymes.Subclass
B3metallo-β-lactamasesarebindwithbothzincionsbutcoordinationhappenedatdifferentposition
thanofothersubclasses.(Heinz&Adolph,2004)

Sinceitsdiscovery,MBLplaysamajorroleforitsresistancethreattowardsallantibiotics,which
increaseinterestmoretowardsitsbiochemicalinteractionratherthanclinicalconcern.(Sabath&
Abraham,1966)Since thenMBLs is responsible towards increase in antibiotic resistance threat
withaspreadofnewsuperbugsNewDelhimetallo-β-lactamase1(NDM-1).NDM-1firstreported
inKlebsiellapneumoniaandEscherichiacoliinfectionsfromNewDelhi,Indiain2008.(Yonget
al.,2009)Afterthatitwasfoundrapidlywidespreadinalotofdifferentbacteriaaroundtheworld.
(Heinzetal.,2019)NDM-1isanN-terminalsinglepeptidecontainplasmid-encodedsinglechain
proteinformsaβ-lactamasefoldofα/β/β/αsandwichhavingtwozincions(attheactivesiteZn1and
Zn2),whereZn1bindstothreehistidineresidues(H120,H122andH189)andZn2iscoordinated
tohistidine(H250),aspartate(D124)andcysteine(C208)residues.Theirrationaluseofantibiotics
willhelptheenzymemuteditselfrapidlyanddevelopednewsuperbugsintheNDMfamilywith
moreresistancetowardsantibiotics.

AmongstallMBLsonlyNDM-1canabletohydrolyzedallmarketedβ-lactamantibioticsand
showedaswidespectrumofβ-lactamaseactivity.LimitedtherapeuticsagainstNDM-1availablein
themarketcreatesanecessitytodevelopsuitableagentsinordertoinhibitNDM-1activity(Chiou
etal.,2015;Crowderetal.,2006).Fragmentbaseddenovodesign(Todorovetal.,2006)(Katiyaret
al.,2018)approachisapowerfulstructurebaseddrugdesign(Batooletal.,2019)tool.Inthepresent
study,inhibitortypeligandboundX-raycrystallographicinformationofNDM-1structuralcoordinates
wasconsideredandsubjectedfordesigninghitsonthebasisoffragmentbaseddrugdesignapproach.
Thedesignedhitwasfurtheranalyzedbymoleculardockingandmoleculardynamicssimulations
respectivelyfollowedbytheoreticaldruglikenesspropertycalculations.

2. MATERIAL AND METHoDS

All computational work was conducted using the computer consisting intel i9 9900k processor
integratedwithRTX2070NVIDIAGPU,runningoverLinuxmint19.3operatingsystem.Opensource
PyMOLTM1.8.4.0,FreeMaestrovirtualizerwasusedtovirtualizethe3Dstructures.TheOpenbabel
software(O’Boyleetal.,2011)wasusedtogeneraterequiresligandfileformat.Charm-Guiligand
designer (Lee & Im, 2019) (www.charmm-gui.org/?doc=input/ligdesigner), LigDream (www.
playmolecule.com/LigDream)(Ghoshetal.,2021)onlineserverbasedtoolswereusedtoperform
denovodesign.AutodockGPU(Santos-Martinsetal.,2021)andAutodockVina(Trott&Olson,
2009)þwasusedtoperformmoleculardocking.Desmond6.5(Shaw,2006)softwarewasusedto
performmoleculardynamics.TheMprop(https://molsoft.com/mprop/)onlineserversoftwarewas
usedtoperformdrug-likenesspropertypredictionrespectively.

2.1 Protein Preparation
ThecrystalstructureofNewDelhimetallo-β-lactamasewasretrievedfromProteinDatabank
(www.rcsbpdb.org,PDBID:6LIP).Afterimportingthe3DcoordinatedofNewDelhimetallo-β-
lactamaseenzymetheproteinpreparationwizardofSchrödingerLLCsoftware(MadhaviSastry
etal.,2013)availablewithDesmond6.5interfacewasusedtooptimizethestructurefollowed
byremovalofinboundcrystallographicwaterandions.Theoptimizedproteincoordinateswas
savedinpdbfileformat.Theinboundligandcoordinatewasextractedandsavesseparately
inpdbfileformat.Thezincionswereretainedintheproteinstructure.TheAurodockTools
software(www.autodock.scripps.edu/resources/adt)wasusedtoconvertpdbfilesintopdbqt
fileformatafteraddingkollmancharge.Theconfinedligandbindingsite(X=13.5,Y=13.00,
Z=3.25)wasusedasasearchspace.
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