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ABSTRACT

Therisingpossibilitiesofquantumdotsinbiologicalfieldshaveraisedsignificantconcernsabout
theirtoxicologicalinfluence,andthereisarequirementofmethodsforpredictionoftoxicquantum
dots.Inthecurrentresearchwork,quantitativefeaturetoxicityrelationshipmodelsforHEKcells
cytotoxicityof41CdSe/CdTe/CdZnScorequantumdotsasafunctionoftheirsize,surfaceligand,
ligand chemical, charge, surface modification, assay type, and quantum dot concentration have
beendeveloped.Themodels are constructedbyusingquasiSMILES representation symbolizing
theexperimentalconditionsandmoleculararchitectureofthequantumdots.Theindexofideality
ofcorrelationhelpsinthebuildingofeightstatisticallysignificant,robust,andpredictivemodels
usingMonteCarlooptimization.Theresultsareusedsuccessfullyforextractionoffeaturescausing
anincreaseanddecreaseofcytotoxicityofquantumdots.
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1. INTRoDUCTIoN

Theadvancementofnanotechnologyinthepastdecadeshasledtotheextensiveuseofnanomaterials
intheareaofenvironment,energyandbiomedicine(L.Huetal.,2017).Functionalizednanomaterials
likesemiconductorquantumdots(QDs)arethoughttobeasnewtypeofidealfluorescentprobes
becauseoftheirintrinsicopticalcharacteristicslikelong-termphotostability,highphotoluminescence
quantumyields,aswellassize-tunableandnarrow-bandemissions(Zhaoetal.,2019).QDshave
attractedsubstantialattentionduetotheirfantasticapplicationsinbiomedicalfieldslikebioimaging,
biosensing,cancerdiagnosticanddrugs (L.Huetal.,2017;Tangetal.,2008;Xuetal.,2012).
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Theirsmallsize(1–10nm)issuitablefordetectionandtrackingofbiologicalcompoundsandcell
organellesinsidethecellaswellasinthenucleus(Filalietal.,2020).

Despitewiderangeofinterestingapplications,toxicityofQDsisamajorbottleneckintheiruse
inbiomedicalapplications.IthasbeenshownthatQDsarecytotoxicinnatureandcausedysfunction
ofmitochondria,cellgrowthinhibition,DNAimpairmentandapoptosis(Luoetal.,2013;Nagyet
al.,2012;Wanetal.,2015).CadmiumcontainingQDsarereportedtobetoxictowardsrenalcells.
L-cysteine-capped CdTe-QDs increase cytotoxicity and change the structure and bioactivity of
copper–zincsuperoxidedismutaseinmouseprimarynephrocytes(Trabelsietal.,2013).Soluble
CdSandZnOQDsexhibitcytotoxiceffectstowardsHK-2humanepithelialtubularcellsinadose
dependentmanner(Pujaltéetal.,2015;Zhaoetal.,2019).Ithasbeenreportedthatpropertieslike
size,surfacecharge,surfaceligand,shell,concentration,assaytypeetc.influencethecytotoxicity
ofQDs(X.Huetal.,2011;L.Huetal.,2016;Rivera-Giletal.,2013).

ThesefactsindicatethatchangesinphysicochemicalpropertiesofQDscanaltertheirtoxicity
(Schwarz-Plaschgetal.,2017)andthusthetoxicitycanbeminimizedduringveryinitialphaseof
QDssynthesisbycontrollingthephysicochemicalparameters.Further,assessmentoftoxicityofQDs
isverytediousandexpensivetask.Thus,thereisrequirementofapplicationsofin silicoalternatives
forpredictionoftoxicityassociatedwithQDs.

Computationaltechniqueslikequantitativestructure/feature-activity/property/toxicityrelationship
(QSAR/QSPR/QFTR)canprovidesolutiontotheaboveproblems(Davim&Roy,2015).Theseare
someofthemostprominentmethodsusedveryofteninthedesignofmoreeffectiveandsafermolecules
(Muratovetal.,2020).InQSARprocess,thestructuralinformationofthecompoundsisusedin
predictionofendpointusingsomemathematicaloperations(Cherkasovetal.,2014).Thestructures
ofthemoleculesarequantitatedusing1D,2Dand3Ddescriptorscalculatedusingspecializedtools
(Loetal.,2018).Further,chemicalreactivitydescriptorssuchasnucleophilicityindex,hardness,
polarizability,compressibility,etc.arealsousedinconstructingpredictiveQSARmodels(Sarkaret
al.,2012;Tandonetal.,2019,2019,2021).Thesearecommonmethodsfortraditionalsubstances.In
caseofnanomaterials,thisclassicalapproachhasbeenappliedbutthatisrelatedwiththenon-nano
componentsofthenanomaterials(Fourchesetal.,2010).

Representation of chemical structure with SMILES notation has been widely used in the
generationofQSARmodelsfordifferentkindsofendpoints.UseofCORALsoftwarehaspioneered
inthesetypeofstudies(Ahmadietal.,2020;A.Kumar&Chauhan,2018;Nesměráketal.,2017;
Prachayasittikuletal.,2017;Toropovetal.,2011;Veselinovićetal.,2013).However,nanomaterials
cannotberepresentedbySMILESnotationastheirexactchemicalstructureisnotknown.Thisis
amajorhurdleinbuildingofQSARmodelsfornanomaterials.Butthistaskcanbesolvedbyuse
of quasiSMILES which represents the experimental conditions and chemical constitution of the
nanomaterials(Toropovetal.,2016).QuasiSMILEShasbeenappliedinmakingmodelsforvarious
endpointsrelatedwithnanomaterials(Ahmadi,2020;Jafari&Fatemi,2020;Toropov&Toropova,
2020;A.P.Toropovaetal.,2017;Trinhetal.,2018),andthesameapproachcanbeusedincreating
quantitativefeaturetoxicityrelationship(QFTR)modelsforassessingtherenalcelltoxicityofQDs.

Keeping the above facts in consideration and in advancing our efforts in QSAR models
development(Bagrietal.,2020;A.Kumaretal.,2020;A.Kumar&Kumar,2020;P.Kumar&
Kumar,2020;A.Kumar&Kumar,2021;Nimbhaletal.,2020), thepresentstudywasdesigned
withfollowingobjectives(1) togeneratequasiSMILESforQDsunderstudyusing theireclectic
information(2)toconstructthestatisticallysignificantQFTRmodelsforcytotoxicityofquantum
dotstowardsHumanEmbryonicKidney(HEK)cellswiththesequsaiSMILESusingindexofideality
ofcorrelation(IIC)inMonteCarlomethodand(3)toextractthefeaturesresponsibleforalteration
inQDscytotoxicitytowardsHEKcells.
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