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2. Analysis and prediction of properties of molecular nanoobjects by chemoinformatics methods

Pedepar:

1. Incepraujiiina po60Ta IpUCBIYEHa JOCiIKEHHIO OCOOJIMBOCTEN BIUIMBY IPUPOY Ta PO3MIPHUX XapaKTEPUCTUK
HU3KM HAaHOYACTUHOK OKCU[IIB Ha iX IUTOTOKCUYHICTb Ta BJIACTUBOCTI B pAMKaX CUMILIEKCHOTO NIPEICTABIEHHS
MOJIEKYJISIPHOI 6ymoBu meTogamu nanoQSAR /QSPR. CkoHcTpyiioBaHo Komb6inoBany basy Jlanux Hanookcuzis
(KBIH), sixa mictuTh iHpopmaliio mozno 188 HaHOYACTMHOK OKCUZIB 3 OTJIsIly Ha Taki iX XapaKTepUCTUKHU SIK: Oy/10Ba,
napaMeTpu po3Mipy (pafiyc YaCTUHKHY, riIpoAHaMIiYHUN pajiiyc); Ta aKTUBHOCTI/BJIACTUBOCTI: A3€Ta-MIOTEHLial,
eHeprist Eg (3a00poHeHi 30HU — MIMPUHYU IPOMDKKIB 3HaU€Hb €HEPTii B SIKUX HE iCHY€ JeJI0KaIi30BaHUX
OJIHOEJIEKTPOHHUX CTaHiB), AaHi 070 HUTOTOKCHYHOCTI Ao KiiTuH Escherichia coli Ta knitnn HaCaT. [To6ynoBaHa
cucrema 1D 1eCKpUNITOPHOTO ONKMCY HAHOYACTHMHOK OKCHUJIIB i3 3aCTOCYBAHHSIM CUMILJIEKCHUX, iHTEIPaJIbHUX,

«PifKOI KpaIuli», iIHIUBiAyaJIbHUX Ta KPOC-AeCcKpunTopis. Opepkani nanoQSAR Mopesli TUTOTOKCUYHOCTI [0 KJIITUH



Escherichia coli (R2 = 0.93, R2test = 0.97) ta knitun HaCaT (R2 = 0.83, R2test = 0.91) 6y BasigoBaHi Ta
inTepnperoBaHi. Kpoc-Basniganio (Q2LOO = 0.90, Q2LOO = 0.71 BifnoBiHO) 31ilicCHEHO 3a MPOoLeaypPoIo
BUKJIIOYEHHS 110 ogHOMY (Leave-One-Out). [IpoBeeHuit KjlacTepHMil aHasli3 Ta iHTepIipeTallis 3a BiHOCHUMU
IleCKpUNITOPHUMU BHECKAaMU [10Ka3aJiy, [0 OJHUM 3 OCHOBHUX (PAKTOPiB, 1110 BU3HAYA€E IUTOTOKCUYHICTh
HAHOYACTMHOK OKCHIB, € B€JIMUMHA 3apsfy oHy MeTaiy. [1o6yoBaHO KOHCEHCYCHY NanoQSPR mogenb 1j1st
n3eta-norenuiany (R2 = 0.89, R2test = 0.81). Baniganito mogei (Q2cv = 0.81) npoBeeHO BifIIOBiAHO 10 MpoLenypu
II'sITUKpaTHOI nepexpecHoi nepesipku (five-fold cross-validation). 3ailicHeHO OAATKOBE OLIiHIOBAHHS
IIPOTHOCTUYHOI 31aTHOCTI MOJIEJIi 32 JOTIOMOTOI0 30BHIITHBOTO TeCcTyBaHHS (R2ext.test = 0.83). [IpoBenena
iHTeprpeTalis okaszaja 3HauyHU1 BIIJIMB B3A€EMOJii CTPYKTYPHUX (AKTOPIB — CyMapHUH BiIHOCHUI BHECOK KPOC-
IeckpunTopis ckias ~81%. [Iposeneno nanoQSPR mopenoBaHHs eHeprii Eg. CTaTuCTHUYHI TOKa3HUKY [106Y0BaHO]
KOHCeHcycHoi mogedi (R2 = 0.83, Q2cv = 0.74, R2test = 0.73) cBimyaTh PO 3ATHICTb O 3a10BiJIbHOTO [IPOTHO3Y
IOCIIiIKyBaHOi BJIaCTUBOCTI. ByJio IPOBENEHO CTPYKTYPHY IHTEPIIPETALLiI0 OTPMMAHOI MOJE, 32 pe3ysibTaTaMu
SIKO1 BUSIBJIEHO, 1110 HAMOGIIbII BIIJIMBOBUMU € (PAKTOPU €JIEKTPOCTAaTUYHUX Ta BaH mep BaanbcoBux B3aeMOIN.
Otpumani nanoQSAR/QSPR mopzeni g5 nutoTokcu4HOCTi 1o KiiTuH Escherichia coli Ta HaCaT, n3erta-
noTeH1iamny, eHeprii Eg 6ys0 06’eiHaHO B €KCIIEPTHY cUCTEMY «nanoExpert». EkcrieptHy cucremy 6yio
iHTerposaHo y nporpamue 3a6esneueHHs: Methods of Data Analysis (© Artemenko A.G.) Ta inTepdetiic kopucTyBaya.
[TokaszaHo, 110 eKCIIepTHA CUCTEMA € IPOrPaMHUM 3a0€3I1eUeHHSIM OPi€HTOBAHMM Ha IIMPOKY ayJUTOPIIO i
MIpUIIaTHUM [0 [IPOBEAEHHS MOJEJIIOBaHHS KOPUCTYBayaMUu HU3KY aKTUBHOCTEH /BJaCTUBOCTEY HAHOYACTUHOK

OKCHIiB 6€3 HasiBHOCTI cIielialbHUX HaBUYOK B rayysi xemoingopmaruku ta nanoQSAR /QSPR mozesntoBaHHS.

2. The thesis is devoted to the study of influence of the peculiarities of nature and dimensional characteristics on
cytotoxicity and other properties of a row of oxide nanoparticles by nanoQSAR /QSPR methods within simplex
representation of molecular structure approach. The Combined Database of Nanooxides (CDN) has been
constructed, which contains information on 188 oxide nanoparticles including such characteristics as structure
and size parameters as well as some activities /properties: zeta potential, energy Eg (band gaps - an energy range
in a solid where no electronic states can exist), data on cytotoxicity to Escherichia coli cells and HaCaT cells. A
system of 1D descriptors of oxide nanoparticles is constructed with the application of simplex, integral, "liquid
drop", individual and cross-descriptors. The obtained nanoQSAR models of cytotoxicity to Escherichia coli cells (R2
= 0.93, R2test = 0.97) and HaCaT cells (R2 = 0.83, R2test = 0.91) were validated and interpreted. Cross-validation
(Q2LOO = 0.90, Q2LOO = 0.71 respectively) was performed by the Leave-One-Out procedure. The cluster analysis
and interpretation by descriptors relative influence showed that one of the main factors determining the
cytotoxicity of oxide nanoparticles is the magnitude of the metal ion charge. A consensus nanoQSPR model for the
zeta potential was constructed (R2 = 0.89, R2test = 0.81). Model validation (Q2cv = 0.81) was performed according
to the five-fold cross-validation procedure. An additional assessment of the predictive ability of the model was
performed using external testing (R2ext.test = 0.83). The performed interpretation showed a significant influence
of the interaction of structural factors - total relative contribution of cross-descriptors was ~ 81%. NanoQSPR
modeling of Eg energy was performed. Statistical indicators of the constructed consensus model (R2 = 0.83, Q2cv =
0.74, R2test = 0.73) indicate the ability to adequately predict the studied property. A structural interpretation of the
obtained model was performed, it was found that the most influential factors are electrostatic and Van der Waals
interactions. The obtained nanoQSAR /QSPR models for cytotoxicity to Escherichia coli and HaCaT cells, zeta
potential, Eg energy were combined into the “nanoExpert” expert system. The expert system was integrated into
the Methods of Data Analysis software (© Artemenko A.G.) and the corresponding user interface. It is shown that
the expert system is software aimed at a wide audience and suitable for modeling of a row of activities /properties
by users without special skills in chemoinformatics and nanoQSAR /QSPR modeling.
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