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Cmenvmax C. I. AHani3 1 TpOrHO3yBaHHS BJIACTUBOCTEH MOJICKYISIPHUX
HaHOOO’ €KTIB MeToaMu XemoiHdopMmaTtuku. — KBamidikaliiiHa HayKoBa IMparis
Ha TIpaBaxX PyKOMHUCY.

Huceprariisi Ha 3400yTTS HAYKOBOTO CTyIEeHs JokTopa dimocodii 3a
cnemianpHicTIO 102-Ximis. Onxechkuil HarioHaNbHUN yHIBepcuTeT imeHi I. 1.
MeunukoBa, MOH VYkpainu, Oneca, 2021.

HuceprartiitHa po6oTa IPUCBSIYCHA JOCIIIKEHHIO 0COOJUBOCTEH BILIUBY
IPUPOAN Ta PO3MIPHUX XapaKTEPUCTUK HHU3KH HAHOYACTMHOK OKCHIIB Ha IX
IIUTOTOKCHUYHICTh Ta BJIACTHBOCTI B paMKaX CHMIUIEKCHOTO TIPEICTABIICHHS
MOJIEKyJIsIpHOT OymoBu MeTogamu Nan0QSAR/QSPR.

B pe3ynbTaTi peTesnbHOro MOuIyKy Ta JIeTalbHOr0 NOPIBHSUIBHOIO aHAIII3Y
icHytouux 0a3 JaHMX HAaHOOO €KTIB, IO MICTATH 1H(OpPMAI0 HEOOXIAHY IS
nanoQSAR/QSPR MoenroBaHHs — BUSIBJICHO MOTPeOyY Y CTBOPESHHI 0a3u aHUX,
MIPUIATHOI IO 3aCTOCYBAaHHS B paMKaxX JaHOTO JociikeHHs. CKOHCTpyHOBaHO
Kom6inoBany basy Jlannx Hanooxcuzais (KBJIH), sika mictuth iH(opmaIlrito
o0 188 HAaHOYACTMHOK OKCHAIB 3 OIVIAy Ha TakKl iX XapaKTEPUCTHKHU SIK:
OynoBa, mapaMeTpu po3Mipy (paalyc 4aCTHHKH, TIIPOJWHAMIYHUN pajiyc); Ta
aKTUBHOCTI/BIaCTUBOCTI: JA3€Ta-MoTeHIal, eHeprii Eg (3abopoHeHi 30HHM —
IIMPUHA MPOMIKKIB 3HAUYE€Hb €HEprii B SKHUX HE ICHY€ JEJOKali30BaHUX
OJHOEICKTPOHHUX CTaHIB), JaHi MO0 IIUTOTOKCHYHOCTI A0 Kimitun Escherichia
coli ta kmiTur HaCaT.

Bukopucroyroun nani 3 KbJIH, mpoBeaeHo mpoieaypy «Kyparii» JaHuX
Ta Cc(HOPMOBAHO YOTUPU BHUOIPKK IS JOCHIJDKEHHS BIUIMBY TapaMeTpiB
HAHOYACTHWHOK Ha BIIMOBIIHY aKTUBHICTH/BiacTUBICTh. [loOyaoBana cuctema 1D
JECKPUTITOPHOTO OMKUCY HAHOYACTHHOK OKCHUJIIB 13 3aCTOCYBAHHSIM CUMITJICKCHHUX,
IHTErpajJbHUX, «PIAKOI Kparui», IHAUBIIYaTIbHUX Ta KPOC-I€CKPUIITOPIB.

Opumani 1D mopen HaHOYACTMHOK OKCHAIB OyiIM BUKOPUCTAHI IS

noOymoBu  anmexkBatHux NAN0QSAR/QSPR  mopenmedd st BiONMOBIIHHX



aKTUBHOCTEH/BIIACTUBOCTEH 32 JOMOMOTOI0 METOYy MAIIMHHOTO HaBuaHHS PLS
(4acTKOBMX HaMMEHIITUX KBaAPaTiB).

Onepxxani NaNn0QSAR Mozelni IMUTOTOKCUYHOCTI 1o KmituH Escherichia
coli (R? = 0.93, R%est= 0.97) Ta xinitun HaCaT (R? = 0.83, R = 0.91) 6ynn
BasifoBaHi Ta iHTeprnperoBani. Kpoc-samiganioo (Q% oo = 0.90, Q% 00 = 0.71
BIJIMTOBITHO) 3/ICHEHO 3a MPOIEIYpOI0 BUKIIOUEHHS 1o ogHomy (Leave-One-
Out). IlpoBeneHuii KJIacTEpHHI aHaNli3 Ta I1HTEpIIpeTallisl 3a BIAHOCHUMU
JECKPUTITOPHUMH BHECKAMH TOKa3ajy, 10 OJHUM 3 OCHOBHHX (DaKTOpIB, IO
BU3HAYA€ IUTOTOKCUYHICTh HAHOYACTUHOK OKCHUJIB, € BEJIMYUHA 3apsiay HOHY
MeTaiy.

[To6ynoBano kKoHCceHCycHY NANOQSPR moxens mis q3era-noteHniany (R?
= 0.89, R?%es= 0.81). Baninamuito mozeni (Q%y= 0.81) npoBeseHo BiNOBiAHO 10
nporenypu 1’ stukparHoi mepexpecHoi mepesipku (five-fold cross-validation).
3A1iCHEHO JI0JJaTKOBE OIlIHIOBAaHHS MPOTHOCTUYHOI 3JaTHOCTI MOJENl 3a
JONOMOro0  30BHIMHBOrO TecTyBaHHA (Rt = 0.83). Ilposenena
IHTeprpeTanis Mnoka3ajga 3HaYHUW BIUIMB B3a€EMOJIl CTPYKTPHHUX (DAKTOpIB —
CyMapHUI BITHOCHUN BHECOK KPOC-IAECKPUNTOPIB cKkiIaB ~81%.

[Tposeneno NnanoQSPR mozentoBanHs eHeprii Eq. CTaTUCTHYHI TOKa3HUKU
no6ynoBanoi koucencycHoi moaeni (R?=0.83, Q% = 0.74, R%e= 0.73) cBiguats
PO 3/aTHICTh /10 3aJI0BUILHOTO TMPOTHO3Y JOCIIIKYBaHOI BJIACTHBOCTI. Byio
MIPOBEICHO CTPYKTYPHY IHTEPHpETAaIif0 OTPUMAHOI MOJENTi, 32 Pe3yJbTaTaMH
SIKO1 BUSIBJICHO, 1110 HAHOUIBII BIUTMBOBUMU € (PaKTOPH EJIEKTPOCTATUYHUX Ta Ban
nep BaanbcoBux B3aeMomii.

Otpumani Nan0QSAR/QSPR moxeni aisi IIUTOTOKCHYHOCTI IO KIITHH
Escherichia coli Ta HaCaT, m3era-notentiany, eneprii Eq Oyino 06’eaHaHo B
eKCIIepTHY cucTemMy «nanoExperty. ExcriepTHy cuctemy Oyio iHTETpOBaHO Y
nporpamue 3abe3neuenns Methods of Data Analysis (© Artemenko A.G.) Ta
iHTepdeiic kopuctyBada. [lokazaHo, 10 €KCHEpTHA CHCTEMa € TPOTPAMHUM
3a0€3MEeUCHHsIM OPIEHTOBAHMM Ha IIMPOKY ayJIUTOPil0 1 MPUIATHUM JO

IPOBEJCHHS MOJIETIOBAHHSI KOPUCTYBauaMU HU3KU aKTUBHOCTEH/BIACTUBOCTEM



HAHOYACTHHOK OKCH[IB 0€3 HAasSBHOCTI CHEIllaJbHUX HAaBUYOK B Taly3i

xemoinpopmaruku Ta NAN0OQSAR/QSPR moaenmoBanus.

Knwouosi  cnoéa: HaHOYACTUHKH OKCHIIIB, KOMIT IOTEPHE MOJCITIOBAHHSA,
B3a€MO3B 30K CTPYKTypa-aKTUBHICTb, B3a€MO3B’SI30K CTPYKTYypa-BJIaCTUBICTb,
CUMILIEKCHE MpPEICTaBICHHS MOJIEKYJSIPHOI OyJOBH, HUTOTOKCUYHICTb, A3€Ta-

MOTEHII1aJ1, 3a00pOHEHA 30HA.



SUMMARY

Stelmakh S.I. Analysis and prediction of properties of molecular
nanoobjects by chemoinformatics methods.

Thesis for scientific degree of Doctor of Philosophy in Chemistry (speciality
102-Chemistry). I.I. Mechnikov National University of Odesa, Ministry of
Education and Science of Ukraine, Odesa, 2021.

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.

A thorough research and detailed comparative analysis of existing databases
of nanoobjects containing information required for nanoQSAR/QSPR modeling
revealed the need to create a database suitable for usage in scope of this study.
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 Eq (band gaps - an energy range in a solid where no electronic states can
exist), data on cytotoxicity to Escherichia coli cells and HaCaT cells.

The data curation procedure was performed using data from the CDN and
four datasets were formed to study the influence of nanoparticle parameters on
the corresponding activity/property. A system of 1D descriptors of oxide
nanoparticles is constructed with the application of simplex, integral, "liquid
drop”, individual and cross-descriptors.

The obtained 1D models of oxide nanoparticles were used to construct
adequate nanoQSAR / QSPR models for the corresponding activities/properties
using the PLS (partial least squares) machine learning method.

The obtained nanoQSAR models of cytotoxicity to Escherichia coli cells (R?
=0.93, R?% = 0.97) and HaCaT cells (R? = 0.83, R%¢st = 0.91) were validated and
interpreted. Cross-validation (Q%.00 = 0.90, Q% 00 = 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 (R? =
0.89, R%s = 0.81). Model validation (Q%, = 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 (R%extest =
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 E4 energy was performed. Statistical indicators of
the constructed consensus model (R? = 0.83, Q%, = 0.74, R? = 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 VVan der Waals interactions.

The obtained nanoQSAR/QSPR models for cytotoxicity to Escherichia coli
and HaCaT cells, zeta potential, E4 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.

Keywords: oxide nanoparticles, computer modeling, structure-activity
relationship, structure-property relationship, simplex representation of molecular

structure, cytotoxicity, zeta potential, band gap.



Cnucox nyoaixayii 3000y8aua 3a memorw oucepmayii:

1.

Kuz'min V., Ognichenko L., Sizochenko N., Chapkin V., Stelmakh S.,
Shyrykalova A., Leszczynski J. Combining Features of Metal Oxide
Nanoparticles: Nano-QSAR for Cytotoxicity. International Journal of
Quantitative Structure-Property Relationships. 2019. Vol. 4, Ne 1. P. 28-40.
Ocobuctuif BHecOK 3700yBada: MPOBEACHO PO3PAXYHOK JIECKPUMITOPIB,
MIPOBEJICHO TTOOYIOBY, ONITUMI3AIIIIO Ta BaTIAAIII0 MOJICIICH.

Kuz'min V., Artemenko A., Ognichenko L., Hromov A., Kosinskaya A.,
Stelmakh S., Sessions Z., Muratov E. Simplex representation of molecular
structure as universal QSAR/QSPR tool. Structural Chemistry. 2021. Vol. 32,
Ne 5. P. 1365-1392.

OcoOuctuii BHECOK 3700yBaya: OpaB y4acTh y HaIllMCaHHI PO3JLITY OTJISIY,
MMPHUCBAYCHOI'O MOJACIIOBAHHIO HAHOYACTHHOK.

Creabmax C. L., Ky3pmin B. €., Orniuenko JI. M. QSPR mopem s
MIPOTHO3Y JA3€Ta-NMOTEHINaliB HAHOYAaCTUHOK OKCHMIIB. Bicnux OHY. 2021.
Tom 26, Ne 2(78), C. 89-100.

OcoOuctuii BHECOK 3700yBaya: MPOBEACHO PO3PAXYHOK JIECKPUIITOPIB,
MPOBENCHO MOOYIOBY, ONTHUMI3alll0 Ta Bajigamito moaeneid. CymicHO 31
CIIBaBTOpPaMU MPOBECHO THTEPIPETAIIIIO Ta OOTOBOPEHHS PE3YJIbTATIB.
Ognichenko L., Shyrykalova A., Stelmakh S., Tinkov O., Kuz’min V. The
importance of Effects of Structural Factors Interaction for Metal Oxides
Nanoparticles in QSAR Models for Cytotoxicity. Nanoscience &
Nanotechnologies : book of abstracts of 15" International Conference,
Thessaloniki, 3-6 July 2018. Thessaloniki, Greece, 2018. P. 203.

Stelmakh S., Ognichenko L., Kuz'min V. Nano-QSPR for zeta potential of
metal oxides. Chemistry, Physics and Technology of Surface : proceedings of
Ukrainian Conference with International participation dedicated to 90%
birthday of Aleksey Chuiko, Academician of NAS of Ukraine, Kyiv 21-22
October 2020. Kyiv, Ukraine, 2020. P. 171.



6. Stelmakh S., Kuz'min V. QSPR vs Molecular Docking. Adducts of [60]
fullerene as potential HIV-1 PR inhibitors. Science, Innovation, Quality : book
of Papers of 1% International Scientific-Practical Conference, Berdyansk 17-
18 December 2020. Berdyansk, Ukraine, 2020. P. 122.



