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Pedepar:

1. Cuniorina A. T. «BHYTpillIHbOIOHHI 6aPBHUKMU SIK 30HIM 17151 GJIyOPECLIEHTHOI Bidyasizalii KJIiTUH i MOTeHLilHi
peareHTH A1 PpoTogrHamivHoi Tepanii» — Kanidikajiiina HaykoBa npaliis Ha [paBax pykomnucy. Jlucepraiis Ha
300yTTsI HAYKOBOTO CTyIIEeHs AoKTopa ¢inocodii 3a cneuianbhicTio 091 Biosorig (09 - Biosorist) - IHCTUTYT
MOJIEKYJISIpHOI 6iostorii i renetnku HAH Vkpainu, Kuis, 2023. lucepratisi IpuCBSY€Ha MOIIYKY HOBUX
dyopecreHTHUX BHYTPIIIHbOIOHHYX I10JIiIMETHHIB Ha OCHOBI MEPOIIiaHiHOBUX Ta CKBapaiHOBUX OAPBHUKIB SIK
peareHTiB 17151 Bizyasizauii kit i poTopnHamiuHoi Teparii. PayopecieHTHa Bizyasizallisi 3 BAKOPUCTaHHSIM
[IOJIIMETMHOBUX OAPBHUKIB € BXXJIUBUM IHCTPYMEHTOM 1719 6i0MeIMYHUX OOCTiIKeHb, Halbinbl NepcrneKTUBHUMUA
€ MOJIIMETUHOBI 6apBHUKY, SIKi MOTJIMHAIOTH Ta BUIIPOMIHIOIOTH CBITJIO Y 6JIMDKHBOMY YEPBOHOMY JlianasoHi. Lle

I03BOJISI€ 3MEHIINTY (POHOBUI CUTHAJ Ta IOKPALUTH SIKICTh 300pakeHHS. JlOBrOXBUJIbOBI 6aPBHUKU



IIOJIIMETMHOBOTO PsIly BUKOPUCTOBYIOTBHCS SIK PEareHTH AJ1s1 PJIyOpEeCLeHTHOI Bisyasisalii KJIiTHH Ta K
doTroceHncudinizaTopu 115 npoBefeHHs GoToauHaMiYHOI Teparii. [Ij1s1 6io10riYHMX 3aCTOCYBaHb HailyacTime
BHUKOPHCTOBYIOTbCSI KaTiOHHI L1iaHiHOBi 6apBHUKMU, OCKiJIbKM BOHU MAalOTh BUCOKi 3HAUE€HHS1 KBAHTOBUX BUXO[IiB
dnyopecueHii Ta MOISIPHUX KoeilieHTiB eKCTUHKIi. OflHaK BioMO, 110 KaTiOHHi 6apBHUKY 34aTHi 10
CEJIEKTMBHOTO HAKOIIMYEHHS B MiTOXOHAPISIX KJIITHH, 10 YCKJIAHIOE iXHe HecnenudiyHe po3noaiieHHs B 06'eMi
KJIITUHU, KOHCTPYIOBaHHS KOH'IOTaTiB Jj1s1 aipeCHOi JOCTaBKY NOTPIOHUX HaM JliraH[iB. ToMy BUHUKAE IoTpeda
BJOCKOHAJIEHHS METOIiB (PJIyOpPECLIEHTHOrO MiY€HHS, a CaMe MOUYK MiHiMi3allii BIIJIMBy 6apBHMKA Ha
(apMOKiHEeTUKY i10ro KoH'1oraty. OJJHUM i3 pillleHb € PO3POOKA JOBrOXBUILOBUX (PJIyOPECLEHTHIX OapBHUKIB, 110
He MICTSTh 3apsay 44 3aps], € CKOMIIEHCOBAaHUM BCEPENMHI MOJIEKYJIU. BUKOPHCTaHHS BHYTPIlIHbOIOHHUX
0apBHUKIB JONIOMO>KE PO3MUPUATH TPAKTUYHI MOXJIMBOCTI AJ1s1 PJIyOpeCLieHTHOI Biyasizallii KJIiTUH Ta JU3aiHy
agpecHUx GpIyopeCLeHTHUX KOH'IoraTiB. Jlo BHYTPIlIHbOIOHHMX OAPBHUKIB BiTHOCSITh MEPOLIiaHiHOBI Ta CKBapajiHOBi
6apBHUKU. JloCIiIKeH] ClIeKTpasibHi BIACTUBOCTI Psily HOBUX MEPOLIiaHiHOBUX GAPBHUKIB i3 M€30-3aMiCHUKAMU B
10J1iMETMHOBOMY JIaHI[I03i, SIKi TOTJIMHAIOTh CBIT/IO B 06/1acTi moHas 600 HM. IX crieKTpasibHi XapakTepUCTUKH
BUBYEHI Y METAHOJIi, BOGHOMY 6ydepi Ta B IPUCYTHOCTI I7100yIspHUX 6inKiB. Ha OCHOBI €éKClIepUMEHTAIbHUX JAHUX
pO3paxoBaHi KOHCTAHTH 3B'SI3yBaHHS MEPOLIIaHIHOBUX GAPBHUKIB i3 JIIOJICBKUM CHUPOBATKOBUM aJIbOYMiHOM Ta
MOKAa3aHo, IO KOPCTKA ¢iKcallisl moiMeTUHOBOTO JIAHI[IOTA IJISTXOM BBEJ€HHSI Me30-3aMiCHUKIB B IOJIiIMETUHOBUI
JIaHLIIOT CIIpYUsi€ 3POCTAHHIO KOHCTAHT 3B'sI3yBaHHS i3 6i7IKOM. YTBOPEHHST HEKOBaJIEeHTHUX KOMILJIEKCIB i3
anpObyMiHaMU BIUIMBAE Ha CIIEKTPaibHO-(IIYOPECLIEHTHI BJIACTUBOCTI 0apBHUKIB, 30KPEMA, CIIOCTEPIraeThCst
3POCTaHHS iIHTEHCUBHOCTI JiyopeclieHLii, KBaHTOBUX BUXOiB diryopecLeHIii Ta 3MileHHSI MaKCUMYyMiB
IIOTJIMHAHHS B JOBrOXBUJIbOBY YaCTHHY CIIEKTPaJILHOTIO Jiana3ony. bysnu nependayeHi MOKIIMBI CaliTH 3B'13yBaHHS
MEPOLIiaHiHiB Ha I10BEPxHi 6iJIKOBOI MOJIEKYJIU JIFOACHKOTO CUPOBATKOBOTO ajbOyMiHy 3a JOIIOMOTOIO
MOJIEKYJISIPHOTO IOKIHTY. 3a pe3ybTaraMy IPOTOYHOI LIMTOMETPIi BCTAHOBJIEHO, IO CUHTE30BaHI MepOoLjiaHiHu
IIPOHMKAIOTh y KIiTHHU A2780. 3a pesynbTaTamu GIyopeclieHTHOI MiKpocKomii >kuBux KiiTuH A2780 Ta mpoBeneHo]
KOJIOKasi3alii i3 MiToxoHapiaabHO-crienudiyHuM 6apBHUKOM pofamMiH-123 Ta 6apBHUKOM CeJIEKTUBHUM JIO
saaepHoro xpomatuHy Hoechst3342, nokasaHo, 1o MepoLiaHiu JI0Kasi3yloTbCs B MITOXOHIPIsIX 6€3 BUPAXKEHO]
crietrdivHOCTI i He IPOHMKAIOTH [0 siApa KiiTuH. OKpiM Toro, 3a peaysnbraramu MTT-aHanisy BCTaHOBJIEHO, IO
6apBHUKU 3 DEHITbHUMU Ta aMiHOAM(EHIIbHUMU 3aMiCHUKAaMU B Me30-TI0JI0’KeHHi M0JIiMETHHOBOTO JIAHIIIOTA He
IIPOSIBJISIIOTh UUTOTOKCUYHOI Iii Ha kiitunu MCF-7 B ipeficTaBjieHOMY [lialla30Hi KOHLEHTpaLill Ta 4acoM iHKyballii
24 roguHU. TUNIOBUMU NPELCTaBHMKAMU O€TaiHiB € 6apBHUKM Ha OCHOBI KBAaJPaTHOI KUCJIOTH — CKBApaiHOBI
(cxBapuimieBi) 6apBHuKu. HaykoBuii inTepec 1o ¢oTtoximii ckBapainis os'sa3aHuil 3 ix pOTOCTAGINBbHICTIO, BUCOKOIO
iHTEHCUBHICTIO PayopecleHLii Ta 31aTHICTIO reHepyBaTH akTUBHI popmu OKCUTeHy [Py OIIPOMiHEHHi CBITJIOM
BiANOBinHOI NOBXUHU xBWIi. Ha kiitunwii ninii MCF-7 6ys1a gocigkeHa TEMHOBA Ta CBiTJI0BA TOKCUYHICTb
OapBHUKIB i3 METUIIBHUMU, CYJIbPO- Ta KapookcuabHUMU N,N’-asKiibHUMU 3aMicHMKaMu. 3a pesynbraTamu MTT-
aHasli3y BUSIBJIEHO, 110 yCi TpU CKBapaiHOBi 6apBHUKY reHepyIoTh akTUBHI popmu OKCUTeHy MIPY ONIPOMIHEHHI
YEepPBOHMUM CBIiTJIOM Ta CIIPUYMHIOIOTH 3arubesib KIITUH y 6€3CUpOoBaTKOBOMY cepenosuli. bapsuuku 3 N,N'-
aJIKiIbBHUMU TiApOQiNTbHUMU IPyNIaMy HE I€MOHCTPYBAIA TOKCUYHICTb Y IPUCYTHOCTI 5% 614auoro anboymiHy
HaBiTb 32 iX BUCOKUX KOHI[EHTPAIisIX. B TOM ke Jac miist ckBapaiHoBoro 6apBHUKa i3 N,N'-MeTUnbHUMU 3aMiCHUKaMU
BIDKMBAHHA KiIiTUH MCF-7 11pu OolpoMiHEHHI JIa3epOM 3HIKYBasoCh Marke Ha 40% 3a koHueHTtpauii 0,1 uM i
Marbke Ha 90% 3a koHLeHTpalii 10 UM, HaBiTh 32 IPUCYTHOCTI anbOyMiHy. OTXKe, CKBapaiHOBUii 6apBHUK i3 N,N'-
METUJIbHUMU 3aMiCHMKaMU MOXe BUKOPUCTOBYBATHUCS K MOTEHLiNHUI (OTOCEHCUbini3aTop 11t poToAnHAMIYHOI
Tepartii.

2. Syniugina A. T. Intraionic dyes as probes for fluorescence visualization of cells and potential reagents for
photodynamic therapy - Qualification scientific work on the right of a manuscript. The thesis for a scientific
degree of Doctor of Philosophy by speciality 091 - Biology (09 - Biology) - Institute of Molecular Biology and
Genetics NAS of Ukraine, Kyiv, 2023. The dissertation is dedicated to the search for new fluorescent
intramolecular polymethines based on merocyanine and squaraine dyes as reagents for cell visualization and
photodynamic therapy. Fluorescent visualization using polymethine dyes is an important tool for biomedical
research. Fluorescent dyes that absorb and emit in the far-red and near-infrared region are broadly applicable in



many biological studies. Polymethine dyes have found applications as fluorescent labels and probes for tracking
biomolecules, as contrast agents, and in photodynamic therapy due to their high quantum fluorescence yields and
structural modification capabilities. Long-wavelength polymethine dyes are used as fluorescent tags for tracking
biological molecules, as reagents for cell visualization, and as photosensitizers for conducting photodynamic
therapy. The main group of dyes used is cationic cyanine dyes, which can selectively accumulate in the
mitochondria of cancer cells. However, such selectivity can have a negative impact on the biodistribution of their
conjugates.The objective of this work is to develop long-wavelength neutral or zwitterionic polymethine
fluorophores, study their spectral-luminescent properties in free form and as conjugates, interactions with
proteins of different nature, penetration into cells, and their photodynamic properties. Novel series of
merocyanine dyes based on variations of heterocycles were synthesized. All synthesized dyes absorbed in the far-
red spectral range, making them attractive candidates for further investigation as long-wavelength fluorescent
probes in biovisualization. Using spectral-luminescent methods, their spectral characteristics have been studied in
methanol, aqueous buffer, and in the presence of proteins of various structures. It has been established that
merocyanines non-covalently bind to serum albumins. Based on experimental data, binding constants with human
serum albumin were determined. It has been shown that the introduction of a bulky substituent into the meso-
position leads to an increase in the binding constant with human serum albumin. According to the results of
molecular docking, the studied dye binds to up to five binding pockets on human albumin due to hydrophobic
interactions with amino acid residues. This makes them stable and resistant to dissociation. The formation of the
complex is accompanied by significant changes in the spectral-luminescent properties of the dye. This results in
an increase in fluorescence intensity, quantum yields, and shifts in the absorption maxima into the long-
wavelength part of the spectral range. Flow cytometry and fluorescence microscopy results show that the
compounds penetrate into cells. Co-localization with a mitochondrial-specific dye and a nuclear chromatin-
specific dye indicates that the merocyanines localize in mitochondria without strong specificity for the nucleus
and do not penetrate it. Furthermore, MTT tests showed that dyes with phenyl and aminobisphenyl substituents at
the meso-position of central rings do not exhibit cytotoxicity to MCF-7 cells within the studied concentration
range and a 24-hour incubation period. Among the intramolecular dyes, in addition to neutral ones, betaine
(zwitterionic) dyes are included. In these dyes, the organic cation and anion are linked by a system of conjugated
bonds, and their positive and negative charges are distributed across the chromophore atoms. On the MCF-7 cell
line, the dark and light toxicity of dyes with methyl, sulfo, and carboxylic N,N'-substituents has been investigated.
According to the results of the MTT assay, it was found that all compounds generate reactive oxygen species after
irradiated with red light and lead to cell death. The presence of 5% bovine serum albumin affected the toxic effect
of the studied dyes. In the case of dyes with hydrophilic substituents, no toxicity was detected at the given
concentrations, whereas for the dye with methyl substituents, the viability of MCF-7 cells decreased by almost
40% at a concentration of 0.1 uM and nearly 90% at a concentration of 10 uM when irradiated with a laser. This
indicates the toxicity of this fluorophore even in the presence of albumin.
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