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Jucepraiiss npUCBAYEHA MOIIYKY HOBUX BHYTPIIIHbOMOHHUX MOJIMETHHIB Ha
OCHOBI MEpOIIIaHIHOBUX Ta CKBapaiHOBUX OApBHMKIB SK PEArcHTIB JJis Bidyai3ailii
KJIITUH 1 (POTOIMHAMIYHOI Tepamii.

[ToTy>KHUM 1HCTPYMEHTOM [JIsl BHPIIIEHHS PANYy OlOTEXHOJOTIYHUX 3a7a4 €
CIIEKTPAIbHO-JTFOMIHECIICHTHI METOJM 3 BUKOPHUCTAHHSIM OPraHiuHUX OapBHHKIB, SKi
MOTJIMHAIOTH CBITJIO Yy JIOBTOXBHWJIBOBOMY CIIEKTPAJILHOMY [liara3oHi, Ae¢ (oHoBa
aBTODITIOOPECIICHITIS KIITHH € MIHIMAJIBHOIO. 3aB/SKH BUCOKUM KBAaHTOBHUM BUXOJIaM
(bayopecueHIii Ta MOKIMBOCTI CTPYKTYPHOI Mo id(iKalii, JOBrOXBUIbOBI OapBHUKU
MOJIIMETUHOBOTO PsiTy 3HAWIIUIM CBOE BUKOPUCTAHHS SIK (DITyopodOpHI MITKH Ta 30HIU
JUIS. BIIICTEXKCHHST O1OMOJICKYJI, SK pEareHTH i Bisyaiizaili KIITHH Ta SK
dorocencudinizaTopu uig nposeneHHs GoToauHamMiuHOi Teparii. OCHOBHUI MacuB y
BUKOPHUCTaHI — I1¢ KaTIOHHI IiaHiHOBI OapBHUKH. Bimomo, 1o kaTioHHI OapBHUKH
3JIaTHI JI0 CEJIEKTUBHOTO HAKOMMYEHHS B MITOXOHJPISAX pakoBuX KiiTuH. [IpoTe Taka
CEJICKTUBHICTh OapBHUKIB MOKE€ HETAaTUBHO BIUIMBATH Ha 010pO3MOJALI iX KOH IOTaTiB,
a TaKOXX MPHU3BOJIUTHU JI0 3MIHM MITOXOHJIPIaJIbHOTO MeMOpaHHOT0 TOTeHITiany. Tomy
MOIIYK  HEe3apsKEHUX  (QUIyopecleHTHHX OapBHMKIB, 10 TMOTJIMHAIOTH B
JIOBTOXBUJILOBOMY  CHEKTpaJIbHOMY Jlama3oHl € aKTyaJbHOI 3aJa4yer0 Ha
CHOT'OJIHIIIHIN AeHb. [0 TakuX OapBHUKIB BIIHOCITH MOJIIMETHHOBI MEPOITiaHIHOBI Ta
CKBapaiHOBI OApBHUKHU.

JlocmimpkeHi HOBI MEpOIliaHIHOBI OapBHUKH, SIKI TIOTJIMHIOTH CBITJIO B 00JaCTi
noHag 600 HM, MmO poOUTH iX MNPUBAOIUBUMU O00’€KTaMM [JIsi TOAAJIBIIOTO

BUKOPHUCTAHHS $IK JOBTOXBHJIBOBUX (DIyOpEeClEHTHUX 30HIIB y OloBi3yasi3arii.



BuBueni ix cHekTpagbHI XapaKTEPUCTHKH Y METaHOJi, BOJHOMY Oydepi Ta 3a
MPUCYTHOCTI OUIKIB pi3HO1 Oy/noBH. BcTaHOBIEHO, IO MEpOIlIaHIHU HEKOBAJICHTHO
3B’SI3yI0ThCA 13 CHPOBAaTKOBUMM ajbOyMiHamu. Ha 0CHOBI ekcriepuMeHTalbHUX JaHUX
pO3paxoBaHi KOHCTAHTHU 3B’SI3yBaHHA MEPOIIaHIHOBUX OapBHUKIB 13 JIOJCHKUM
CHPOBAaTKOBUM albOYMIHOM Ta IOKa3aHO, IO >KOpPCTKa (Qikcallis MoJIMETHHOBOTO
JIQHITIOTA MIJITXOM BBEJICHHSI ME30-3aMICHUKIB B MOJIMETHHOBUHN JIAHITIOT TTPUBOINTH
70 3POCTaHHA KOHCTAHT 3B’S3yBaHHS 13 OILIKOM. YTBOPEHHS HEKOBaJECHTHUX
KOMILJIEKCIB 13 albOyMIHAMM BIUIMBA€ HA CHEKTPaIbHO-(PIyOpECUEHTHI BIACTHBOCTI
bayopodopiB, 30KpeMa, CIOCTEPIraeThCsl 3pOCTAHHS IHTEHCUBHOCTI (PuIyOopecieHIlii,
KBAaHTOBUX BUXOMIB (IyOpecleHIlii Ta 3MIIIEHHS MaKCHMyMiB TOTJMHAHHS B
JOBTOXBUJILOBY YACTHHY CHEKTPAIBHOTO diama3oHy. 3a pe3yJbTaTaMH IMPOTOYHOI
IIUTOMETPii BCTAHOBJICHO, IO CHUHTE30BaHI MEPOIlIaHIHU TPOHUKAIOTh y KIITUHU
A2780. 3a pesynbratamu (GIayopecleHTHOT MIKpOCKoIi XuBUX KIITHH A2780 Ta
IPOBEICHOI  KOJOKami3alli 13 MITOXOHApiaJIbHO-CIEUU(IYHUM OapBHUKOM Ta
OApBHUKOM CEJIEKTUBHHUM JI0 SIIEPHOTO XPOMATHHY, BU3HAYEHO, IO JIOCHIIKYBaHi
CHOJIYKH JIOKAJI3YIOThCSl B MITOXOHAPISIX 0€3 BUpaKeHOi cnenu(iuHOCTI, a TAKOXK HE
MPOHUKAIOTH 110 sapa KimituH. Okpim Toro, 3a pesynbraramu MTT-anamizy
BCTAHOBJICHO, 1110 OapBHUKHU 3 (DEHUTBHUMHU Ta aMIHOAU(EHIILHUMH 3aMiCHUKaMU B
ME30-TI0JI0KEHH1 MOJIIMETUHOBOTO JIAHIIOTa HE MPOSIBISIOTH [IUTOTOKCUYHOI /i1 Ha
kimitnan MCF-7 B mipeacTaBiieHOMY Jiana3oHi KOHIIEHTpAIlii Ta yacoM 1HKyoOartii 24
TOJINHU.

J10 BHYTPIIIHBOMOHHUX OapBHUKIB BIIHOCSThH TAKOXkK O€TaiHOBI (LIBITTEpP-HOHHI)
OapBHUKHM, B SKWX OpraHIYHWNA KaTIOH 1 aHIOH 3 €JHaHI MK COOO CHCTEMOIO
KOH FOTOBaHUX 3B’SI3KiB, a IX MO3UTHUBHI Ta HETATUBHI 3apsiI PO3MOAUICH] IO aTOMax
xpoMmodopy. TunoBuMu npecraBHUKaMu OeTaiHiB € OApPBHUKH Ha OCHOBI KBaJpaTHOT
KHCJIOTU — CKBapaiHOBi (CkBapwitieBi) OapBHuMKU. HaykoBuii iHTEpec A0 ¢oToximii
CKBapaiHiB MOB'sI3aHUI 3 1X (HOTOCTAOITBHICTIO, ICKPABICTIO Ta 3JaTHICTIO TCHEPYBATH
aKTUBHI (H)OPMU KHCHIO MPU OMPOMIHEHH1 CBITJIOM BIAMOBIAHOI TOBXKWUHU XBwil. [Ipu
JOCIIIJIKEHH1 1H/I0JICHIHOBUX CKBapaiHOBUX OapBHUKIB 13 O1YHUMHU P13HO3APSIKEHUMHU

rpynaMu IpH reTepoaTromMi BCTAHOBJIEHO, 0 OApBHUKHU 13 MO3UTUBHO 3apsIKEHUMH



OlYHUMHU 3aMICHUKaMU BUSBISIOTH HAIMEHIy CIOPITHEHICTh 0 adbOyMiHIB Ta
MarTh c1abky duayopecuenmito B kirituHax MCF-7. B toii xe 4vac, OapBHUKH 3
HEUTpAJIbHUMH Ta AaHIOHHMMM 3aMICHUKaMHU 3B’SI3yIOTbCA 13 CHUPOBATKOBUMU
abOyMiHAMH 13 CYTTEBHM IT1JIBUIIEHHSAM KBAaHTOBHUX BUXO/IIB (hJIyOpECIICHITi1, a TAKOX
MPOHUKAIOTh Y KIITHHU Ta (HapOyIOTh €JIEMEHTH UTOIUIa3MHU. 3aMiHa 1H0JICHIHOBUX
KiHILIEBUX I'PYH CKBapaiHOBUX OapBHHUKIB Ha O€H301HI0JICHIHOBI IPUBENA 0 CYyTTEBOTO
3MIIIEHHS B JOBIOXBWJIbOBY CIEKTpajbHy 00JIaCTh, IO JJO03BOJHJIO BUBYATH
doToceHcHOLTI3alliiHI BIACTUBOCTI JaHUX OApBHUKIB IPHU OMPOMIHEHI iX YEPBOHUM
CBITJIOM. BUBYEHHS CHEKTpalbHUX BJIACTUBOCTEH OEH3IHIOJEHIHIB I10Ka3aJ10
CXWIBHICTh J0 arperaiii OapBHHKIB 13 aJKUIbHUMH OlYHUMH paaukaiamu. OjgHak
B3a€EMOJIISl 13 CUPOBATKOBUMH ajbOyMiHaMH CHOpHsiia pyWHYBaHHIO arperaris, IO
MPOSIBIISIIOCS. Y 3pOCTaHHI IHTEHCHBHOCT1 (iyopecieHIlii, npu domy S500-kpathe
3pOCTaHHSl 3a MPUCYTHOCTI OMYAYOrO CHUPOBATKOBOTO albOyMiHY BHUSBICHO IS
CKBapaiHOBOro OapBHUKA 13 O1YHUMHU METWJIBHMUMH 3aMICHUKaMH IPU T€TEPOATOMI.
3HaueHHS KOHCTAHT 3B’SI3yBaHHS OapBHUKIB 13 TiApo()OOHOI METHIBHOI Ta
riApoUIbHOIO CYNb(PO-TPYNOI0 BUSBUIUCA CXOKHMHM, IO TOBOPUTH IPO IEpeBary
riapodoOHOro MexaHi3My 3B’S3yBaHHS 13 adbOyMIHOM. Y pe3yJbTaTi MPOBEICHHS
MOJICKYJIIPHOTO  JIOKIHTY 1I€HTH(IKOBAHO 5 HaMOLIbII WMOBIPHMX KHIICHb
3B’SI3yBaHHSI, K1 BUSBUJIUCS CIIUTBHUMU 7151 000X (IyOpeCleHTHUX 30H/IiB.

Jns  ckBapaiHOBUX  OapBHUKIB  OCH3IHIOJCHIHOBOTO psiy  IOKa3aHa
e(eKTUBHICTh 3aCTOCYBAHHS SIK (POTOCEHCHOLTI3aTOPIB 7151 (POTOAMHAMIYHOIL Tepalii.
3 BUKOPUCTAHHSM MACTKU CUHIJIETHOI'O KUCHIO OLIIHEHA 3/1aTHICTh OOpaHuX OApBHUKIB
70 TeHeparlii akTUBHUX (POpM KHCHIO B TMOPIBHSIHHI 31 CTaHAapTOM. BusiBieHO, 110
OEH301HAO0CKBapaiH 13 TiApoPOOHUMH METUIBHUMHU OIYHUMHU paJuKajaMu TeHEpye
akTUBHI (HOPMU KHUCHIO €(PEKTHUBHIIIEC MPHU 3POCTAHHI BIJICOTKY BOJAM B €TAHOJI, IO
00yMOBJICGHO HMOro OUIBIIOK CXWIBHICTIO g0 arperamii. s gociipkeHHsS
CIEKTpAJIbHUX TMPOSIBIB arperaiii MpoaHali30BaHI KMOro CHEKTPU MOTJIMHAHHS 1
dayopecueHilii B cymimax 3 Bojoro etaHoiy i IMCO y pi3HOMY CIiBBiIHOIICHHI PH

NOCTIMHIN KOHIIEHTpalii OapBHUKaA. [loBeaeHo, 0 arperaT Mae CeHJBIUYEBY OYIOBY,



IO CIpHUSA€ AKTUBALIll CEHCUOUI3alli CHUHIJIETHOTO KHCHIO 3a PaxyHOK TPHUILIET-
TPUIUIETHOT'O MIEPEHOCY EHEePTii.

Ha xmitunnid ninii MCF-7 nocnijgxkeHa TeMHOBa Ta CBITJIOBA TOKCHUYHICTh
OapBHHKIB 13 METWJILHUMH, CyJIb(O- Ta KapOOKCUILHUMH O1YHUMU 3aMICHUKaMU. 3a
pesynbTatamu M TT-aHani3y BUSIBICHO, 1110 YC1 TPU CKBapaiHOB1 OapBHUKHU F€HEPYIOTh
aKTUBHI (OpPMU KHCHIO TPH OMPOMIHEHHI YEPBOHHM CBITIIOM Ta CHPUYHHSIOTH
3aru0elb KIITHH MPU MPOBEICHHI JOCIIKCHHS y 0€3CHPOBATKOBOMY CEPEIOBHIII. Y
BUIAJIKY MPUCYTHOCTI 5% OM4ayoro anbOyMiHy B CEPEAOBHILI KIITHH, TOKCHYHICTb
OapBHHKIB 3 TAPO(UIBHUMU IpynamMu He Oyjia BHsIBIEHA HaBITh 32 iX BHUCOKHX
KOHIICHTpaIlisx. B To# ke "ac ajis ckBapaiHOBOro 0apBHUKA 13 O1YHUMH METUILHUMHU
3aMICHUKaMHU TpH TeTrepoaToMi BukuBaHICTh kmiTuH MCF-7 mnpu onpomiHeHHI
Ja3zepoM 3HMKyBanacs Mmaibke Ha 40% 3a xonmenTpaii 0,1 pM 1 maiixe Ha 90% 3a
KoHieHTparii 10 uM, mo roBoputh Npo (OTOTOKCHYHICTH AaHOTO (uryopodopy
HaBITh 3a MPUCYTHOCTI anbOymiHy. Taki maHi BKa3yloTh Ha Te€, IO CKBapaiHOBHIA
OapBHHK 13 METHJIHBHUMHU 3aMICHHKAMH MOXXE€ BUKOPUCTOBYBATHCS SIK MOTEHIIAHUN
doTocencuOLII3aTOp At (HOTOAMHAMIYHOI Tepanii.

JUJIs  MOXJIMBOCTI BUKOPUCTaHHS OapBHUKIB SIK (DIyOpECHEHTHUX 30HIIB,
IIPOBE/ICHa KOBAJIEHTHA MpUIIMBKa D-Titoko3aMiHy 4epe3 JIIHKEPHY KapOOKCHUIbHY
IpyIly MEpOLIaHIHOBOI'O Ta CKBapaiHOBOro OapBHHKIB. [TpoaHanizoBaHi cieKTpalibHI
BJIACTUBOCTI OTPUMaHUX KOH IOTaTiB B TMOPIBHSHHI 13 BUXIAHUMHU OapBHUKAMH,
3JIaTHICTh 10 HEKOBAJEHTHOI B3a€MOJIi 13 aJlbOyMIHOM, a TaKOX IPOHUKHICTH B

kmtuau MCF-7.

KirouoBi ciioBa: MepoliaHiHOBI OapBHUKHM, CHPOBATKOBI aJibOyMiHHU, (PIIyopeclieHTHa
CHEKTPOCKOis, IIyOpEeCIIEHTHA MIKPOCKOITisl, CKBapaiHOB1 OapBHUKH, CTIEKTPOCKOITIS
MOTJIMHAHHS, CHHTJICTHUHN KUCEHb, POTOMHAMIYHA TepalTis, MOJIMETHHOBI OapBHUKH,

¢doTocencuObiTizaTopu, arperatis.



SUMMARY

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 109 — Biology
and Biochemistry (09 — Biology) - Institute of Molecular Biology and Genetics NAS
of Ukraine, Kyiv, 2023.

Spectral-luminescent methods using organic dyes are a powerful tool for
biotechnological tasks. 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. Furthermore, conjugating therapeutic
agents with fluorescent molecules offers a wide range of possibilities for monitoring
drug delivery and distribution, both in vitro and in vivo. 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.

For the possibility of using merocyanine dyes as fluorescent probes, a covalent
attachment of D-glucosamine was performed. Spectral properties of the obtained
conjugate were analyzed in comparison with the free dye. The ability of the conjugate
to penetrate the cell membrane has been investigated.

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. Typical representatives of betaines are dyes based on squaric acid
— squaraines. The scientific interest in the photochemistry of squaraines is related to
their photostability, brightness, and the ability to generate reactive oxygen species upon
irradiation with light of a specific wavelength. The investigation of indolenine dyes
with side groups of different charges revealed that positively charged side substitutes
exhibit the least affinity for bovin serum albumin and have weak penetration through
the cell membrane. On the other hand, dyes with neutral and anionic side substituents
exhibited significant increases in quantum yields of fluorescence and strong binding to

serum albumins.



Replacing the indolenine terminal groups with benzindolenine resulted in a
significant shift into the long-wavelength spectral range, allowing the investigation of
the photosensitizing properties of these dyes when exposed to red light. Furthermore,
the choice of the benzindolenine terminal group is justified by the fact that dyes based
on it have low toxicity, satisfactory solubility in physiological solutions, and high
quantum fluorescence yields. Study of the spectral properties of benzindolenines
revealed their propensity to form aggregates in dyes containing alkyl side radicals.
However, interaction with serum albumins led to the disruption of these aggregates,
resulting in an increase in fluorescence intensity. The most significant increase,
exceeding 500-fold, was observed for the dye with methyl radicals. The binding
constants of the dyes with hydrophobic and hydrophilic substituents were found to be
similar. This indicates a preference for the hydrophobic binding mechanism with
albumin. In the results of the molecular docking, five the most probable binding
pockets were identified, which were common for both fluorescent probes.

For benzindolenine dyes of the squaric acid series, the effectiveness of their
application for photodynamic therapy was demonstrated. Using singlet oxygen probe,
the ability of the selected dyes to generate reactive oxygen species was assessed in
comparison with a standard. It was found that squaraine with hydrophobic side
substituents generates reactive oxygen species more efficiently with an increasing
percentage of water in ethanol. To investigate the spectral manifestations of
aggregation, its absorption and fluorescence spectra in mixtures with water, ethanol,
and DMSO at different ratios were analyzed. It was established that the aggregate has
a sandwich-like structure, which likely activates the sensitization of singlet oxygen via
triplet-triplet energy transfer.

The dark and light phototoxicity of the dyes were investigated on the MCF-7 cell
line. 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.

Keywords: merocyanine dyes, serum albumins, fluorescence spectroscopy,
microscopy, squaraine dyes, absorption spectroscopy, fluorescence detection, singlet

oxygen, photodynamic therapy, fluorescence.
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participation, 15 -17.06.2022, p.103. Kyiv, Ukraine.
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BCTYII

AxTyanbHicTb TemMu. [IIBUaKI TeMnu poO3BUTKY O10TEXHOJ]OTIH CTBOPIOIOTH
HEOOXI1JJHICTh Y BJIOCKOHAJIEHH1 METO/IIB Ta MaTeplaliB JJIs BUSBJICHHS Ta Bi3yami3anii
OlosoriyHuX 00’€kTiB. TpaauIliiHe BUKOPHCTaHHS Paji0i30TOMIB MPHU3BOJUTH 0
cepiio3HMX OOMEXKEHb, TaKUX SK BHUCOKI BUTpATH, HECTAOUIbHICTH Ta CTBOPEHHS
HeOe3MeyHuX yMOB Tparli. ¥ 1bOMYy KOHTEKCTI Cy4acHi TEXHOJIOT1I (IyOpecieHTHO
JTIarHOCTUKHU BUXOJSTH HA MEpeHIN 1iaH, 3a0e3neuyoun He juiie 0e3neUHICTh, aie
1 3py4YHICTh, IO BIAKPUBAE MIMPOKI MOMKIIMBOCTI JIJII TOYHOTO BUBYCHHS 01070TIIHUX
nporieciB. IcHye BenMka KITBKICTh (IIYOPECIEHTHHX CIOJIYK, MPOTe HANWOUIBII
IpUBAOIMBUMHU € MOJIMETUHOBI OApBHUKHU, 1[0 BUPI3HAIOTHCS SICKPABICTIO, BACOKUMU
KBaHTOBUMH BUXOJaMH (IIyOpecleHIlii, 610CyMICHICTIO Ta MOKJIHUBICTIO XIMIYHO{
Moaudikamii cTpykTypu. HailiBumly edekTuBHICT, [ OioBizyamizalii MaroTh
MOJIIMETUHH, IO BUIPOMIHIOIOTh B JIOBTOXBUJIbOBIM YaCTHHI CHEKTPAILHOTO
JianasoHy, TOOTO B 00J1aCTi, /i€ CBITIIO Ma€ OUTBINY TTTMOMHY MPOHUKHEHHS B TKAHUHU
(650-1400 aM™).

JUis  O10JIOTIYHMX 3aCTOCYBaHb NEPEBAXHO BUKOPUCTOBYIOTh KaTIOHHI
MOJIIMETUHOB1 OapBHUKU. [IpoTe 3AaTHICTH MO CEIEKTUBHOIO HAKOMUYEHHS TaKUX
OAapBHMKIB B MITOXOHPISIX HE JIa€ 3MOT'Y CKOHCTPYIOBATH KOH IOraTH JJisl TAPT€HTHOI
JIOCTaBKM MOTPIOHWUX MOJIEKYJ B TMEBHI KOMMApTaMEHTU KIITUHU. {711 mpoBeneHHS
MU3aiiHy aapecHuX (IyopecHeHTHUX KOH IOraTiB HEOOXITHUM € JOCIHIIKCHHS
BHYTPIIIHBOMOHHUX MOJIMETHHIB. J[0 TakuxX CHOJYK BIJIHOCATH MEpPOLIaHIHOBI Ta
CKBapaiHOBI OAPBHUKH.

AHamni3 JiTeparypud TOKa3aB, II0 OCHOBHA YyBara TMpuU JOCIIKEHHI
MEpPOITiaHIHOBUX OapBHUKIB, NPUAULIETBCA CIOJyKaM 13 Me30-He3aMINEHHUM
MOJIIMETHHOBUM JIaHIFOroM. [IpakTudHO He BijJ00paKeHH BIUIUB ME€30-3aMICHUKIB Ha
B3a€EMOJIII0 13 CHUPOBATKOBUMH ajbOyMiHAMHM Ta KIITHUHHY I[POHUKHICTh. Takox
MaJIOYMCEIPHUMH € JIOCHI/PKEHHS 13 BHBYCHHSAM JIOTIYHHMX CEpili CKBapaiHOBUX

OapBHMKIB, 5IK1 O pO3rsAald BIUIMB 3apsA/ly UM JAOBKHUHM aJKUIBHOTO paJUKally MpU
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reTepoaToMl Ha 3B’3yBaHHS 13 O10MAKpPOMOJEKYJIAMH Ta Ha KIITUHHY HNPOHUKHICTb.
Tonmi sIK HEKOBaJEHTHE 3B’S3yBaHHSA 3 ajbOyMiHAMH, € OCHOBHUM MEXaHI3MOM
6ioposnoauty dayopodopy uu HOro TOCTABKHU J0 MOTEHIIHHOT MIIIICHI.

OxpiMm Bi3yamizaiii, A€sKi TOJIMETHHHU, 30KpeMa CKBapaiHOBI OapBHHKH,
IPUBEPTAIOTh YBary HayKOBLIB 4Yepe3 3[aTHICTh T€HEPYBATU aKTUBHI (OPMHU KHUCHIO.
[le poOUTH MOXJIMBUM BHKOPHCTAHHS iX SIK MOTEHUIMHMX pEareHTIB s
dotomuuamiunoi Tepamii. Ockinbkd (OTOAMHAMIYHA Tepamis € HEIHBa3UBHUM
METOJIOM pYHHYBaHHSA NYyXJUH, MNOIIYK e(pEeKTUBHUX (POTOCEHCUOLTIZATOPIB €
BaKJIMBUM HAIIPSIMKOM JIOCTIKEHb. PO3MO/I11 y KPOBI Ta 3B’ 3yBaHHs 3 albOyMIHAMHU
€ HeOOX1THUMU XapaKTePUCTUKAMHU, SIKI MOKYTh BIUITMBATH Ha (papMaKOKIHETUKY Ta Ha
NPOTUITYXJIMHHY €(PEeKTUBHICTh (DOTOCEHCHO1II3aTOPIB y KIIIHIUHIA (HOTOAMHAMIYHUAN
Tepartii.

OTxe, MOIIYK HOBUX (UIyOPECUEHTHUX JOBrOXBWJIBOBUX OapBHUKIB s
Bi3yaii3alii KJIITHH Ta K peareHTiB s (OTOJMHAMIUHOI Teparii, BABYCHHS BIUIUBY
ix Oyn0BH Ha €(QEKTHUBHICTH 3B’S3yBaHHS 13 albOyMiHAMHU, a TaKOX Ha KIITUHHY
MPOHUKHICTh € aKTyaJbHOI 3a/1au€l0 Ha ChOTOJHIIIHIA JeHb. Po3poOka Ta
nocipkeHHsT GuryopodopiB, M0 HE MICTATH 3apsjly YW 3apsj € CKOMIIGHCOBAHUM
BCEPEIMHI MOJEKYJIH, JOMOMOXKE PpO3UIMPUTH MPAKTUYHI MOMKIUBOCTI  JJIs
dbayopectieHTHOI Bizyamizamii KIITHH Ta JAW3aiiHy aapecHuX (GIyopecleHTHUX
KOH IOT'aTiB.

3B'A30k podOTM 3 HAYKOBHUMH MporpaMaMu, IMJIaHAMH, TeMaMH.
Huceprauiitna poOoTa BIANOBIJAE OCHOBHOMY IUIAHY HAyKOBO-JOCIIAHUX POOIT
BTy OlomenuuHoi xiMii [HcTUTYTYy MosekynspHoi Oiojorii 1 renernku HAH
VYKpainu Ta BUKOHYBaacs B pamkax rpanty €sponeiicbkoro Coro3y «I'opuzoHt 2020»
nocnigHoi W iHHOBamiHOI  mporpamu  imeHi  Mapii  CkiagoBcbkoi-Kropi
“NoBiasFluors”, Ne872331 (2020 — 2024 pp.).

Mera i 3aBnanHs. Metoro poOOTH € TIOUTYK HOBHX PEareHTiB s Bi3yasizarii
KJIITHH 1 (POTOIMHAMIYHOI Teparii Ha OCHOBI BHYTPIIIHHOMOHHUX OAPBHHUKIB.

JUist tocsiTHEHHsT METH OyJIM MOCTaBJIEHI HACTYIHI 3aBJAAHHS:
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1. CuHTe3yBaTH JOBrOXBHJIBOBI MEPOIIIaHIHOBI Ta CKBapaiHOB1 OapBHHUKH Ta
BUBUHUTH iX CHEKTPAIbHO-(DIyOPECHEHTHI XapaKTEePUCTUKH.

2. BusHauuTy BIUIMB 3aMICHHMKIB MEpPOILIIAHIHOBUX Ta CKBapaiHOBUX
OapBHHKIB Ha MPOIIECH 3B’ I3YBAHHS 13 aTbOYMIHOM.

3. JlocmiauTy MepoIllaHiHOBlI Ta CKBapaiHOBI OapBHHUKU SIK 30HIU IS
dayopectieHTHOI Bizyautizallii KJIiTHH Ha pukiaai kmituaHauX diHid MCF-7 ta A2780.

4. BuBunt ¢doToauHaMIuHI BIIACTUBOCTI OCH3IHIOJBHUX CKBapaiHOBUX
OapBHUKIB 13 BUKOPHUCTaHHSM IMACTKH CUHIJIETHOTO KUCHIO Ta Ha KJIITHHHIN JIiHIT
MCEF-7.

5. JlocmiauTy BILUIMB arperaiii Ta 3B’sS3yBaHHA 13 OMYauyuM CHUPOBATKOBUM
abOyMIHOM Ha ()OTOJMHAMIYHI BIIACTUBOCTI CKBapaiHOBUX OapBHUKIB.

6. CuHTe3yBaTH KOH IOTaTH MEPOIIaHIHOBUX Ta CKBapaiHOBUX OapBHUKIB 13
IJIFOKO3aMIHOM, BHBYUTH iX CHEKTpaibHI BJIACTHBOCTI Ta MPOHUKHICTH B KIITHHH
MCF-7 3a 1onomMororw KoH(}OKaJIbHOT MIKPOCKOITII.

06’exm OocniodxceHHs: MEPOIIaHIHOBI Ta CKBapaiHOBI OapBHHUKH, Ta IX

KOMILJIEKCH 13 CUPOBATKOBUMH aJIbOyMiHAMHU.

Ilpeomem  Oocniddicennsa:  CHNEKTPaIbHO-QIIYOPECIIEHTHI  XapaKTePUCTUKU
BHYTPIIIHBOMOHHUX OapBHUKIB B OpPraHIYHOMY, BOJHOMY CEpPEOBUIAX Ta B
IPUCYTHOCTI TTI00YIAPHUX OLIKIB.

Metoan nociaigxenHsi. Y po60Ti BUKOPUCTaHI HACTYITHI METOIH AOCTIHKCHHS:
OpraHiyHUM CHUHTE3, (PIIyOpEeCIEHTHA CIEKTPOCKOIIIsI, €JIEKTPOHHA CHEKTPOCKOIIisS
NOTJIMHAHHS, KOH(OKaIbHA Ta (IyOpecleHTHa MIKPOCKOIIi, MPOTOYHA UTOMETPIs,
MOJIEKYJIIPHUMN JOKIHT.

HaykoBa HOBH3HA oJep:KaHUX pe3yJbTaTiB. Brepie pociimkeHuil psa
MEpOILIIaHIHOBUX OapBHUKIB 13 JKOPCTKO 3aKpIMJICHUMH ME30-3aMICHUKaMHU B
MOJIIMETUHOBOMY JIAHITIO31, a TaKOX PsijJ CKBapaiHOBUX OapBHUKIB 13 OIYHUMH
3aMICHUKaMH pi3HOI HOHHOCTI Ta minodinbHOCTi. [lokazaHo, mo BBemEHHS Me30-
3aMICHUKAa B TOJIMETHHOBUN JIAHIIOT MEPOIIIaHIHOBUX OapBHUKIB ITiJIBUIILYE
(OTOCTIMKICT, MOJIEKYJH, BIJIMBA€ HA CHEKTPalbHI XapaKTEPUCTHUKH, a TAKOXK Ha

3B’SI3yBaHHA 13 JIFOJCHKUM CHUPOBAaTKOBUM aJIbOYMIHOM.
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Ha mpuxmani ckBapaiHOBUX OapBHHKIB BCTaHOBJICHO, IO CTPYKTypa Oi9HOTO
pagvKaly BIUIMBA€E Ha 3B’SI3yBaHHA 13 ajlbOyMiHAMHM, iX NMPOHUKHICTH y KIITHUHY, a
TaKOXX Ha iX 3JaTHICTh JO TreHepailii akTUBHUX (GopM KUCHIO. BcTaHoBieHo, 110
OEH301H0CKBapaiH 13 METWIHbHUMHU OIYHMMHU paJHMKaIaMHU TeHepye€ aKTUBHI (popMu
KHCHIO €(eKTHBHINIC, HDK HOro aHajaoru 13 TiApOPUILHUMH pajJuKaiaMu, 10
00yMOBJIEHO HOro OUIBLIOK CXWJIBHICTIO A0 arperaumii. IlokazaHo, mo arperamis
CKBapaiHiB, siKa, SIK MPaBUIIO, HebakaHa y MEANKO-010JI0TIYHUX EKCIIEPUMEHTAX, MOKE
BIJIICPaBaTH KOPUCHY POJIb JJIs CEHCHOUTI3allil akTUBHUX (DOPM KHCHIO.

IIpakTuyHe 3HAYEHHS O/epP:KAHUX pe3yJbTaTiB. Po3po0ieHi HOBI peareHTH
1 (ayopeclieHTHOT — Bi3yamizaiii KIITMH Ha OCHOBI  BHYTPIITHbOMOHHHX
MEpOLIIaHIHOBUX Ta CKBapaiHOBUX OapBHUKIB. bapBHUKU 30y/KYIOTbCS YEPBOHUM
CBITJIOM, III0 POOUTH X MEPECHEKTUBHUMHU MITKAMHU Ta 30HJIaMH Y€pPEe3 MOXKJIUBICTDH
BUKOPHUCTAHHS B 00J1aCTI HU3bKO1 aBTO(IyopeclieHTHOT iHTepdepeHIrii.

3anponoHOBaHUM MOTEHIIHHUI (OTOCEHCHOLTI3aTOP HA OCHOBI CKBapaiHOBOTO
OapBHHKA, 110 XapaKTEPHU3YEThCS 30yKEHHSAM Y JOBTOXBUIIBOBIN YaCTHHI CHEKTPY,
Ta 3JaTHUI 70 (PIIyopecueHTHOT Bi3yasi3alii KJIITHH.

OcobucTuii BHecok 3100yBaya. OCHOBHUN 0OCAT €KCIIEPUMEHTAIBHUX JaHUX
YaCTUHU, SIKI BUKJIQJCHI y JucepTallii, oTpuMaHi 3a O€3MOCEepeHbOI0 yYacTIO i
aBTOpa. ABTOPOM CaMOCTIITHO BMBYEHI CIIEKTPAJIbHI XapaKTEPUCTUKH OAPBHHKIB, 1X
B3a€EMOJIiIA 13 aJbOyMiHaMH, OLIHEH1 (OTOJMHAMIUHI BJIACTHUBOCTI CKBapaiHOBHUX
OapBHUKIB in vitro. CUHTE3 CIIOJIYK IPOBEACHO Y criBIpalli 3 K.X.H. A.P. CuHiorinum.
Jani o (hyopecueHTH1M Ta KOHPOKaIbHOI MIKPOCKONIT OTpUMaHi1 y CiBIparl 3 K.0.H.
C.B. Yepniii Ta k.0.H. c.H.c. O.M. Mananuyk. OOUnCIeHHs] KOHCTAHT 3B’ SI3yBaHHS 3
aNnbOyMiHAMHU 3A1HCHEHO CIUIBHO 3 K.(p.-M.H. ¢.H.c. M. 1O. Jlocunbkum. JlocmimxeHHs
MOJICKYJISIPHOTO JIOKIHTY OyJ10 TipoBeieHo 13 K.0.H. c.H.c. I'.I1. Bonunens. [TnanyBanas
po0OTH 31HCHEHO 13 HAYKOBUM KepiBHUKOM J1.X.H, ipod. C.M.Apmosttokom.

AmnpoOanis pe3yabTatiB aucepramii. Pesynpratm amceptamiitHoi poOoTH
nonoBiganucs Ha KoHpepeHisax: Bceykpaincbka HaykoBa KOH(MEPEHIlS MOJIOIUX
BueHux (KuiB, Ykpaina, 2020), Mi>xxHapojHa HayKoBa KOH(MEPEHIIis 1)1l CTY/ICHTIB Ta

MOJIOJIUX Yy4eHUX «XiMiyHl TpodOsieMu chorojeHHs» (Binuuis, Ykpaina, 2020),
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MixHapo/Ha HaykoBa KOH(epeHUis I CTYACHTIB Ta MOJOJUX YYEHUX 3
MDKHApOHOIO Y4YacTio «X1MiuHi mpobsieMu chorofieHHs» (Binaui, Ykpaina, 2021),
HaykoBa KoHpepeHiis «JIbBiBChki xiMiuHl yutanus 2021» (JIsBiB, Ykpaina, 2021),
MixHapoHa HaykoBa KOH(EpeHIls CTyACHTIB 1 acmipaHTiB «Mojoap 1 mocTym
6iomorii» (JIeBiB, Ykpaina, 2021), XV Bceykpaincbka KOHPEpEHIlis 3 MOJICKYJISIPHOT
Ta KINTUHHOI Oioorii 3 Mi>kHapoHoto yuacTio (KuiB, Ykpaina, 2022), Kondepenuis
MoJIoAuX BUeHMX I[HCTHUTYTY MosekynspHoi Oioyorii 1 reneruku (KuiB, Ykpaina,
2023).

Iyoaikanii. Pesynpratn qucepramiitHoi poOOTH OomyOIiKOBaHO y 5 CTaTTIX y
HayKOBUX (haxOBHUX KypHaJIaxX, a TAKOX MPECTABICHO Ha 5 HAYKOBUX KOH(EPEHIIISIX
y BUIJISIZIl YCHUX JIOTIOB1/IEH 1 CTEHAOBUX MPE3CHTAIIIH.

CrpykTypa Ta o0csar aucepramii
HuceprartiitHa poOoTa CKIaAaETHCS 3 AHOTAIIl1, BCTYITY, JITEPaTypPHOTO OTJISIAY (PO3/ILIT
1), marepianu 1 MmeToau (po3au 2), 0OroBOpPEHHSI OTPUMAHUX PE3yIbTaTIB (PO3ALIU 3,
4, 5), BUCHOBKIB, CIUCKY BUKOPUCTAaHUX JDKEpeN Ta nofaTky. PoOoTy BukiameHo Ha
162 cropiHKax CTaHIAPTHOTO JPYKOBAHOTO TEKCTY, MICTUTh 75 PHUCYHKIB Ta 9

TaOJINIIb, TIEPENTIKy BUKOpUCTaHUX Jkepen (181 mocunanus).
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PO3JILI 1

OrJjisAd JITEPATYPU

1.1 BmiuB CTPYKTYPH NOJIMETHHIB HA iX BJIACTHBOCTI VISl BAKOPUCTAHHSA Y

OioBizyaJsizamii

dnyopeciieHTHa Bi3yalli3allis 13 BUKOPUCTAHHSIM OpraHiuHMX OapBHHUKIB,
30KpeMa MOJIIMETUHOBUX OapBHUKIB, € MEPCIEKTUBHUM Ta MOTYXHUM 1HCTPYMEHTOM
JUIS  JIeTeKii Ta Bidyamizamii Olosoriuamx 00’ekTiB. Hapasi dayopecueHTHa
BI3yalli3allisi BHUKOPHUCTOBYETHCS JUIsl BUPIINIEHHS HACTYHMHUX OIO0JOTIYHUX 3ajad:
iIeHTU(IKaIls KIITUHHUX M[pPOLECiB, BI3yali3alis OJHI€l KIITHHH 1IN VIVO,
imeHTudikamis HOBUX TEpaleBTUYHUX CTpaTerid, IMOJEermeHHss XipypriaHoro
BTpYYaHHA 13 HaBeAEHHSAIM 300paxkeHb. Jl0o OCHOBHUX mepeBar TEXHIKU
dbayopecieHTHOI  Bi3yaunizallii  BIJHOCSITh  MPOCTOPOBO-PO3IIBHY  3/IaTHICTb,
O€3IeUHICTh MPOBEJICHHS, BUCOKY BHOIPKOBICTh Ta uyTHBICTH [1-4]. OCHOBHUMH
HEOOXIIHUMH yMOBaMH i1 BUKOPHCTaHHA oOpraHiyaux (ayopodopi y
010IMEMIPKUHTY € BUCOKI KOS(IIIEHTH €KCTUHKIIIT, KBAHTOB1 BUXOAHN (DITyOpECIeHIIlT,
rapHa po34MHHICTh, HETOKCHUYHICTh, & TAKOX MOXJIUBICTh CTPYKTYPHOT MOAUDIKAIIIi:
BBEJICHHS (DYHKIIOHAJILHUX TPYI, 10 BIUIMBAIOTh HA JINO(UIBHICTh YA PO3YUHHICTD
bayopodopy Ta Tpym, IO MOXYTh OyTH BHUKOPUCTaHI IS KOH toramii 3
OloMoJieKyJiaMH, crielu(piYHUMHU JTiraHaamu, jJikamu [2, 5]. HalOiabn 1mikaBUMU Ta
NEPECTICKTUBHUMH € TOJIMETUHOBI OapBHUKA, IO MalOTh (IIyOpecleHIil0 B
YEpPBOHOMY Ta OJIMKHBOMY YEPBOHOMY CIEKTPaJIbHOMY Jiara3oHi, ToOTO B 001acTi,
JI€ CBITJIO Ma€ IIMOIIE MPOHUKHEHHS B TKAHUHU - TaK 3BaHE TepaneBTUYHE BiKHO (650-
1400 um). Kpim Toro, Ha Bizyasizailiro 010MOJEKyJ in vivo 3a gomomoror NIR-
OapBHMKIB TMPAaKTUYHO HE BIUIMBae (oHoBa aBToduyopecueHiis. Ilomyk HoOBHX
MOJIIMETUHOBHX OapBHUKIB, 110 MAlOTh BUCOKHI KBAaHTOBUU BUXIJ (IyOpeCIeHIN] y
BOJHUX PO3YMHAX, XIMIYHY CTIHKICTh, (OTOCTAOLIBHICTE € aKTyaJlbHUM Ha

ChOTOAHIIHIN AeHb. CTpyKTypHa MoAM]IKalis € OJHHMM 13 BaplaHTIB 3MILLEHHS
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NOTIMHAHHA (QuyopoQopy B JOBrOXBHIBOBY UYAaCTHUHY CIEKTPaIbHOTO Jiara3oHy.
Hamnpuknan, MakcumanbHa AOBXKHHA XBWJII MOTJIMHAHHS Ta BUIIPOMIHIOBAHHS MOXKeE
pETyNIOBAaTUCS KIHIIEBUMH TpyHaMH Ta JOBXKHWHOKO IMOJIIMETHHOBOTO JIAHIIIOTA.
[TomoBXXeHHS CHPSDKEHOTO JIAHIIOra 301IBIIyE CTYIIHb JCJIOKali30BaHUX T-
CJICKTPOHIB, 10 € KJIACUYHUM METOJO0M OTPUMaHHs OapBHUKIB 13 0ATOXPOMHUM
3cyBoM. [IpoTe paHa cTpareris TakoX MOXE NPHU3BOAUTH JO MOPYIIECHHS
PIBHOMIPHOCTI y pO3MOALUTI 3apsany B XpoModopi Ta 10 3HWKEHHS (HOTOCTA0ITEHOCTI
MosieKya [6]. BiacyTHICTH KOPCTKOCTI MOJIMETHHOBOIO JIAHIIOra MPU3BOJUTH 0
npolecy i3omepusanli, SKHd BHUKJIMKA€E pO3CIIOBaHHSA eHeprii 30y KeHHS Ta
O€3BUIMPOMIHIOBAIBHOI JI€3aKTUBAIlli 30y/IP)KEHOTO CTaHy, L0 3MEHIIYy€ KBAaHTOBUM
Buxii Ta ¢doTtocTabinbHICTh [7]. i miaBUIIEHHS CTaOUIBHOCTI MOJIMETHUHOBOTO
oapearka (I1b), TMPOBOJSATH CTPYKTYpPHY OINTHMI3AIlil0, HAMPHUKIAJ, 3aKPIIJICHHS
MOJIIMETMHOBOI'O JIAHI[IOTa KapKacHUMHU yrpynyBaHHsMu [8]. B pom Ttakux
yIpylyBaHb HaHyacTille BUKOPUCTOBYIOTHCS HACHYEHI IIECTUWIECHHI LHMKJIIYHI
MICTKOB1 Tpynu. Y 7,Y'- MOJOXKEHHI BOHU HE MOPYUIYIOTh €JIEKTPOHHY CHUMETPIt0
MOJIEKYJIM CBOIM JIOHOPHUM €(EKTOM, MPOTE BUKIUKAIOTh 10JJaTKOBUN 0ATOXPOMHHUI
3CYB CMYTH TIOTJIMHAHHS 1 BHPIBHIOIOTH PO3MOILT 3apsay MK KIHIEBUMHU
reTepOlMKIIYHUMU TpynamMu 1 JyaHmoroMm [9]. OcraHHe 3a0e3neuye J0J1aTKOBE
3pOCTaHHS IHTEHCUBHOCTI 1 3BY’KE€HHSI CMYT'H IIOTJIMHAHHSL.

BBeneHHsT reTeponMKIIiB Ha KIHIMX ITOJIMETHHOBOTO JIAHIIOTA, IO MAarTh
BJIACHY PO3IIMPEHY CHCTEMY KOHIOTAIlli € albTepPHATUBHUM IiIXOJOM AJII CHHTE3Y
JOBIOXBUJIBOBUX MOJIMETHHOBHX (uiyopoopiB 0e€3 3HMKEHHA (POTOXIMIYHOI
crabinpHOCTI [10]. BBemeHHs KUIBKOX JOHOPHUX TPYIl B CTPYKTYPY BHXIJIHOTO
O0apBHuka tumy 1 (puc. 1.1) npu3BoAUTH A0 3MILIEHHS MaKCUMYMIB MOTJIMHAHHS B
iH(payepBoHy 00JaCTI Ta 3pOCTaHHS KBAHTOBUX BUXO/IIB HE3BAXKAIOUW HA BITHOCHO

KOPOTKU METUHOBUH nanior [11]:
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Puc. 1.1 [Ipuknazg OapBHHKA | 13 pO3IIMPEHOIO T-CUCTEMOIO

[Ipote, gonaroum mpoOiieMy MOTJIMHAHHS, MOJIOHA CTpaTeris CHpusja MOsBI
HIITH po6IeMi — He3aI0BUTbHIM PO3YMHHOCTI OTPUMAHUX CTIONYK Y (h13HOJOTITHHOMY
CepeOBUIII.

[le onWH KOPUCHHMM KPOK - 3aMillleHHS aTOMy BOJHIO B ME30-IOJIOKEHHI
KapKacHOi Tpynu 3aMmicCHUKaMu. Hampukian, BBEJEHHS aToMy XJIOPY BUKIIMKAE
NOIaTKOBUI OaTtoxpomHuil 3cyB [12], mokpainye @oTOCTaOUIBHICTD, 301JIBLIYE
KBaHTOBHMI BMX1J, 3MEHINYye (HOTOBIAOUIIOBAHHSA Ta arperamiro B po3uuHi [13,14].
OxkpiM TOro, aToM XJIOPY B ME30-IIOJIOKEHH1 € XIMIYHO aKTUBHUM 1 CIYTye ISl
CTBOPEHHS MOX1AHUX Ha OCHOBI1 ¢uryopodopy [15, 16].

Mopaudikairisi TeTepolrKIiB OIYHUMHU TpylaMu HalvacTilie MPUBOJIUTH 10
OoNTHUMI3allli PO3YUHHOCTI, T1APOPUIBHICTI YU TiApodoOHOCTI OapBHUKA, MOKIUBICTI
HOTO KOBAJIGHTHOTO MPUB’I3yBaHHS 0 010MOJIEKYJI TOIIO, Ta MPAKTHYHO HE BILIMBAE
Ha CHEKTPaJbHO-TIOMIHECIIEHTHI BJIACTUBOCTI OTPUMAHMUX CHOJNYK. Tak, BBeIEHHS
3anuiika kanpoHoBoi kuciaotu B IR 780 [17], IR 808 [18] ta ICG (IR825) [19]
1JIBUIIY€ )KUPOPO3UYUHHICTD Ta JO3BOJISIE BUKOPUCTOBYBATH OAPBHHUK SIK KOBAJCHTHY
dbayopecuieHTHY MITKy. [{1s yHUKHEHHs arperauii CTPYKTYpy TI€TE€pOIMKIIIB
MOMU(DiKyIOTh BBeACHHAM riapodinpaux T1pyn [20, 21]. Ilpore cTpykTypHIi
Moaudikamii MOXYTh BJIMBAaTH Ha iX O10JOTIYHI BIJIACTHBOCTI, IO HEOOX1THO
BpPaxoOBYBAaTH Ipu po3pooditi 0apBHUKIB [22]. Tak, nys 0apBuukiB IR-780 [17], IR-783
[23] Ta MHI-148 [24], noka3aHa BUOIpKOBa 3/IaTHICTh HAKOMUYYBATUCS B PAKOBUX
KJIITHHAX 1 JaBaTU BHWIII CIIBBIIHOIICHHS CUTHAJ/IIYM 3 MIHIMaJIbHOIO (DOHOBOIO

dbnyopecueniiiero (puc. 1.2). Halikpamry BuOIpKOBICTH JJIsl Bi3yanizailii MyXJIUH
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npoaemMoHcTpyBaB OapBHHK IR-783, mo micTuTh B G14HOMY JaHIO31 CyIb(Orpynw,
K1 320€3MeUyI0Th OIBIITY PO3UUHHICTD Y BOJJHOMY CEPEAOBUII, HUKIY TOKCUYHICTD,
IIBUJIKE BUBEACHHS 3 OpraHi3My Ta BUCOKI kBaHTOB1 Buxoau (0,095 B mopiBHsIHHI 3
ICG (inmo-mianiHOBHI 3eneHuit), 1o Mae kBaHToBui Buxin 0,025). bapeauk IR-783
MPOSIBUB CIENU(IUYHICTh Y TOTJIWHAHHI KYJbTHBOBAHUMH KJIITHHAMH PaKy IIHHKH
MaTKH 13 MOXJIMBICTIO BHSABJISITH MyXJWHHI KIITHHA B KIIHIYHUX 3pa3Kax 1
MUPKYJIIOI0Yid KpoBi. lle Moke BHKOpHCTOBYBaTHUCS ISl Bi3yamizamii TIUOOKHX

TKaHWH paKy IIMKUKU MaTKH [23].

IR-780
Puc. 1.2 bynosa 6apeaukis IR-780, IR-783, MHI-148

HasiBHicTh kapOokcuiibHOI Tpynu y OapsHuka MHI-148 poOuth ioro 3paTHUM 0
MOJIAJNBIIOI CTPYKTYpHOI Moaudikaiii abo CTBOpEHHS KOH IOraTiB Ha WOTO OCHOBI.
[Ipu yomy GapBHUK 3 O1YHUM JAHIIOTOM JOBXHHOIO N = 5, Ta€ HAWBUIIMKA CUTHAI TIPU
MIKPOCKOIIIYHOMY JIOCHI/PKEHHI HAKONMWYEHHS OapBHUKAa B PAaKOBUX KIITHHAX
HiUTYHKOBOI 371031 [25].

Kon’toratu Ha OCHOBI MOJIMETUHOBUX OapBHUKIB 3aCTOCYBIOTH ISl BUBYEHHS
po3noauty mnpemnapary [26] uum Oiomosiekyn [27], a TakoX sl JOCTIJKEHHS iX
dbapmokineTuku. OkpiMm Toro, KoH toraiis Quryopodopy i3 JiraHaom, 1o 3AaTHUR 10
CEJICKTUBHOT'O 3B’3yBaHHS 13 MIIIEHHIO BUBYAETHCS JUIsl TAPTE€HTHOT'O HAI[IIFOBAHHS.

Sk nmiraHau BHKOPUCTOBYIOTH pi3HOMaHITHI aHTuTina [28], mentumu [29], domieBy
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kucinotry [30], moxiguHi rTmoko3u [31-33]. TakoX MOXJIUBE CTBOPEHHS
(byopeclieHTHUX 30H/11B 13 CEJICKTUBHUM HAIIJTIOBAaHHSM B PE3yJIbTaTl HEKOBAJICHTHOT
30ipku [34].

Yumanio poOiT MpOTATOM OCTaHHIX JBAIISATH POKIB MPUCBSYCHI BUSBICHHIO
MyXJIMH MOJIOYHOI 3aJ103U 3a jgomomororo OapBHuKa iHmolianiH 3eneHuil (ICG) sk
KOHTpacTHOro areHty, ockinbku ICG € eauHMM TOTIMETMHOBUM OapBHHUKOM,

JI03BOJICHUH Y MeTUYHOMY BUKopucTanHi (puc. 1.3) [35-37].

\,S:o 0=3"" Na
O ICG o F

Puc. 1.3 byoBa 6apBHUKA 1HIOI[1aHIHOBOTO 3€JICHOTO

[TpoTe MmirHe 3B’ A3yBaHHS 3 OLIKaMH IJIa3MHU Ta MIBUJIKE OYUIIICHHS TIEYIHKOIO
00MEXYIOTh HOro e(PeKTHBHICTh SIK areHTy Bi3yasli3allii, 0COOJIMBO JJisi BHUSBJICHHSI
rmbokux TkaHuH. ICG He BiacTMBE HAUUIIOBAHHS Ha NyXJUHY Ha OCHOBI
CEJIEKTUBHOIO 3B’si3yBaHHs. ToMy NpOIOBXKYETHCS MOLIYK HOBHX CIHOJYK Ha ioro
OCHOBI 3 MOJKJIUBICTIO BUKOPUCTAHHS JUIsl BUSBJICHHS MyXJIMH in vivo. 30Kpema,
BenyThes crpobu moaudikamii ICG, CeNeKTUBHUMH 10 PAKOBUX MYXJIHH, TPYIIAMH.
Hanpuxnan, BBemenHss pH-Low Insertion Peptide (pHLIP) — Bomopo3umHHOTO
rizpogobHoro pH-uyTnuBOro menTHAy, LIO0 HAIUIEHWH HAa MyXJIMHA 3aBIOSKH 1X
BUCOKIA KHCIOTHOCTI. JlOCHiUKEHHS JaHOTO KOH’IOraTty MpOJEeMOHCTPYBAJIO
edekTuBHE (IYyOpPECLEHTHE BUABICHHS MallUX, CEPENHIX 1 BEJIMKHX MyXJWH, L0
po3TamoBaHi MMHUOOKO B TKaHWHI, BKIIOYAIOYM HEBEJIHMKI MIKpOMETAcTa3u MOOIU3y.
OTpumMaHi pe3yJIbTaTH Jal0Th HAII0 Ha TIOKPAIIEHHS Pe3eKIIii Kparo i1 yac oneparii

[38]. EbGept Ta ioro cmiBpoOiTHUKM TpoBenu moaudikauiro crpykrypu ICG, 3
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YTBOPEHHSM Horo rigpodinsHoro ananory, 6apsauka SIDAG (puc. 1.4), 3 HU3bKUM

Koe(]iIieHTOM PO3MOIIY Ta HU3bKHUM pIBHEM 3B’ sI3yBaHHS 3 OlkaMu mia3mu [39].

Puc. 1.4 ITpuxnax mogudikamii ICG

SIDAG 1poaeMOHCTPYBaB SACKpaBUM CHUTHal (IIyOpecLEHIil B IMyXJIMHHINA
TKaHWHI, CTBOPIOIOYM JOCTATHIM KOHTpACT I ii Bizyamizaiii. Uepe3 HU3bKUI PIBEHD
3B’sI3yBaHHA 3 OUTKaMH IJ1a3MHU OApBHUK IIBUJIKO AU(PYHIYBAB Kpi3b MOPHU 3MIHEHUX
NYXJUHHUX CYJHH 1 TaK A0CATraB OUIbLI MIMOOKUX AUISHOK MYXJIMHHOI TKaHWHH 32
KOpoTiui 4vac. TakoX BHSIBICHO BHCOKHH (IyOpecleHTHUH KOHTpacT uepe3 24
TOJIMHU, MEXaH13M SIKOT0 MoTpelye J0IaTKOBOTO JOC1IKeHHS [39].

Cepen TOJIMETHHIB OpPEMUN KJac CTAHOBIATH MEPOIIaHIHOBI OapBHUKHU.
MepouianiHOB1 OApBHUKHU - 1€ HEUTpaJbHI HECUMETPUYHI CIIOJYKH, SIK1 CKIaAat0ThCA
3 nByX (pparmentiB — goHopa (D) 1 akuenTopa (A), 1m0 MoeaHaHI MK COOOIO
noriMeTiHOBHUM JiaHioroMm [40]. Taki 6apBHUKK MOYKHA PO3TIISAIATH K T1OPUI TBOX
CUMETPUYHHUX OAPBHMKIB KATIOHHOI'O Ta aHIOHHOTI'O THMY 3 OJHAKOBOIO JIOBKHUHOIO
MOJIIMETHHOBOT'O JIaHIIOra. MepoIliaHiHM TEOPETHYHO OIHUCYIOTh 3a JOIOMOTOIO
CYNepIo3ullii TPhOX OCHOBHHUX TPaHUYHHX CTPYKTYp, SIKI BIANOBIAIOTH YSIBHUM
171eaJJbHUM CTaHaM: HEMNOJIAPHUM TOJIEH (@) Ta NUMNOJAPHUM TONIEH (6), a TaKOXK
imeanpHui TonmiMeTHH (6) (puc. 1.5). ¥V Bumaaky cimaOKuxX JOHOPHO-aKIIENTOPHUX
BJIACTUBOCTEH OapBHUK B OCHOBHOMY CTaH1 HAOJIMKAETHCS O HEUTPATIbHOT CTPYKTYpHU
a 17€aJIbHOTO TOJIIEHOBOTrO cTaHy. llpy 30UIbIIEHHI JOHOPHUX 4YM AKLENTOPHUX
BJIACTUBOCTEH KIHIIEBUX TPYI BIIOyBa€Thcs 30UIBIICHHS a00 IMO3UTUBHOIO abo

HETaTUBHOTO 3apsJiiB BHACHIJOK 3MIIICHHS €JIEKTPOHHOI T'YCTHHHU 32 JOMOMOTOIO
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noyiiMmeTruHoBoro januora Big D no A. Ilpu neBHnomy migdopi D Tta A yci 3B’s13ku
CTalOTh MOJIYyTOPHUMH 3 YTBOPEHHSM CTPYKTYpU O, sika BIJIIOBIJAE 1/1€aJIbHOMY

MOJIIMETUHOBOMY cTaHy [41-44].

Puc. 1.5 OcHOBHI IrpaHUYHO1T OY/JOBM OCHOBHMX MEPOIIIaHIHOBUX OapBHUKIB

[Tomaneie 3pocTaHHs JOHOPHO-AKIIENTOPHUX BIacTUBOCTEN ¢parmentiB D Ta
A TpUBOJIUTH JO YTBOPEHHS CTPYKTYPH 6 3 MPOTUIICKHUM TMOPSIKOM 3B’S3KIB B
MOPIBHSIHHI 31 CTPYKTYPOIO @: JOCSTAEThCA CTPYKTypa MOJIIEHY 13 3apsjaamMu Ha
KIHIIEBUX TpyTMax, MpoTe, SK 1 B CTPYKTypax a Ta 6, 13 CyMapHUM HYJIbOBHUM 3apsIOM.
UYepes MOKIIUBICTH IJIABHOT 3MIHU €JIEKTPOHHOT Oy 10BU BiJl CTPYKTYPH @ J10 6 IIIIXOM
nigoopy D ta A, MepolliaHiHi HAa3WBAIOTh JOHOPHO-AaKIIENTOPHUMU ToJieHaMu [45].
MO>XITMBICTh PE30HAHCHOT JeJIOKAITI3aIlil B TOJIIEHOBIM CUCTEM1 pOOUTH MEPOITIaHIHOBI
OapBHUKU YYTJIMBUMH 10 3MIHM BOJAHEBUX 3B’SI3KIB 13 OTOUYIOUMM PO3YUHHUKOM —
SBUIIE COJibBaTOXpoMii. J[Ji1 MepoIliaHiHIB 13 TPAaHUYHOI CTPYKTYPOIO MIXK 6 Ta 6,
MOTJIMOJIEHHS KOJIbOPY BIIOYBAETHCS 111 Yac MEPEXOTy 10 HEMOIIPHUX PO3ZUNHHUKIB.
Toni sxk JUIsl CTPYKTYp 13 MNPOMIXKHUM CTaHOM MDXK @ Ta 6 TOTJIUOJIEHHS KOJIbOPY
CIIOCTEPITAETHCS Y OUIBII MOJMAPHUX pO3UYMHHUKAX. [Ipyu neBHOMY mi00pi JOHOPHUX 1
aKLENTOPHUX TPYyI, a TaKOXK MPUPOAH POIYMHHUKA, MOKHA JOCSITHYTH CTaHy
MepolliaHiHa, 010 BIMOBIJAE 1/1€aJbHOMY MTOJIIMETHHOBOMY CTaHy. Y TaKOMY BHIAJIKY
SK 3MEHIICHHS TaK 1 30UIbIIEHHS MOJSPHOCTI PO3YMHHUKA MPUBOIUTH JIHIIE [0
TIICOXPOMHUM 3CyBaM CMYT MOTJIMHAHHS [45].

OCKIUTBKM MEpOITiaHiHOBI OapBHUKHA € OCOOJWBO YYTIWBUMH JI0 TPHUPOIH
PO3YMHHUKA YU CEpeOBUIA, BOHU 3HAMIILIM CBOE BUKOPHUCTAHHS JJIsi TOOYIOBH
MOPIBHSUTHHOT IIKAJTH TIOJIIPHOCT1 PO3YMHHHUKIB Ta /I BA3HAYEHHS BOJIA B OpTaHIYHUX
cepenoBumax [46]. Takox, MepoliaHiHOBI OapBHUKH CTald MEPCIEKTUBHUMU

MarepialaMiM B MOJIGKYJSIpHIM  Oiojorii, sk  ¢doToceHcuOuI3aTOpu ISt
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doroaunamiuHoi Teparii [47], Ak (GayopecueHTHI 30HIU ISl BU3HAYEHHS TPai€HTIB
MOJISIPHOCT1 O10JIOTIYHUX CEPEIOBHUIL, 30HAU TMOJIIPHOCTI MeMOpaH [45], K MITKH
cnenu@iyHux 610J0TTUHUX caTiB [48].

3MiHM B JIOKaJbHIM CoOJIbBATaIllii MPUBOAATH JIO0 3MiH 1HTEHCHBHOCTI
bayopecleHilii, a TaKoX /10 3CyBiB B MaKCUMyMax 30y/PKEHHS Ta BUIIPOMIHIOBaHHS.
[{i 3MiHM BUKOPHUCTOBYIOTH MJII BHMIPIOBaHHS aKTUBHOCTI IILOBOTO Ollka mpu
KUTBKICHIN Bi3yamizaiii ®uBUX KIITUH [49]. DiyopeciieHTHI G10CEHCOPH Ha OCHOBI
YyTJIMUBUX JIO HAaBKOJIUIIHLOTO CEPEJAOBUIIA MEPOIIaHIHIB BUBYAJIM ISl BIJICTEKEHHSI
enaoreHHoro Cdc42 y xuBuX KIIITHHAX. [HTEHCUBHICTH (hTyopecueHli 3pocTana npu
3B’s13yBaHHI 3 akTuBoBaHUM Cdc42 [50].

AKTHBHO TIPOBOJSTHCSA JIOCHIDKEHHS TIPU BHKOPHUCTAaHI HEHUTPATBLHUX
MEpOIIIaHIHOBUX OapBHUKIB OJMKHBOTO 1H(PPAUEPBOHOTO J1alla30HY SK 30HIIB IS
Bi3yamizaiii in vivo B-aMUTOiTHUX OJISIIOK. YTBOpPEHHS [-aMUIOiTHUX OJISIIOK y
TOJIOBHOMY MO3KY € OJIHIEIO 3 MATOJIOTTYHUX OCOOJIMBOCTEN XBOpOoOM AubLreiimMepa.
IcHye ynMasno 30HIB, 0 BUBYAIOTHCS VIS Bi3yauizallii J-arperariB, OCKIJIbKH II€ €
BXJIMBUM 1HCTPYMEHTOM [JIsi paHHbOi JiarHocTHKM XxBopoOu [S51]. Cepen
MEpOIIIaHIHOBUX OapBHUKIB TAaKOX MPOBOJIUTHCS IMOIIYK, OCKUIBKK JaHl OapBHUKU
3/1aTHI MPOHUKATH Yepe3 reMatoeHiedaniuauii 6ap’ep [52-54]. lnsaxom moaudikarii
nianiHoBoro ckenera OapBHuka IR-780 cunHTe30BaHi HOBI MEpOIiaHIHOBI OapBHUKU
[52] Ta ix moximHi [53], sIKi JEMOHCTpPYBaIu 3HAYHE MOCUIICHHS (DITyOpecIeHIlii mpu
B3a€EMOJIII 3 aMUIOIAHUMM OJSIIKaMU BHACHIJOK 3B’A3yBaHHSA 3 T1ApopOoOHUMHU
uiinuHaMu - (iOpun.  bapBHMKM  moaiOHOI  POTOPHOI  CTPYKTYpPU — TaKOXK
BUKOPHUCTOBYBAJIUCS JIJI1 MOHITOPUHTY 3MIH B'SI3KOCTI JIIIIIHUX Kpanenb [55, 56].

B’43KkicTh 1 MOJSAPHICTH POZYMHHHUKA, @ TAKOXK 3[aTHICTb O YTBOPEHHS CTIMKUX
BOJHEBUX 3B’SI3KIB rerepoaroMaMu OapBHHKA, € BAXXIUBUMH (akTopamMu mpH
JTOCTIDKeHH1  (iyopeciieHIli MepolliaHiHiB. bapBHUKK 13 CJIaOKUMU JTIOHOPaMH,
TaKUMH SIK OCH30T1a30jI, OCH300KCa30J1, 1HJOJICHIH IOKa3aJM HaWO1JbIl 3HAYCHHS
IHTEHCUBHOCTI ()JIyOpecIeHITil B MOJISIPHUX po3unHHUKAX [50], CTpyKTypHa 3aMiHa B
MOJIOKeHHI 2 OapOiTypaTy Ha CelieH Tpu3Bela CYTT€BOrO 3MEHILICHHS

dboToizoMepuzanii i, BIAMNOBIAHO, 10 3pocTaHHs (uyopecuenuii [57]. BBeaenus
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MaJOHITPUIABHOTO  (parMeHTy [K  JIOHOpa, MOPHUBOAUTH 10  TMOCHJICHHS
BUMPOMIHIOBaHHS (DIIyopecleHIlli y CHIIbHOB I3KUX cepeaoBuiiax [53]. Okpim Toro,
yBara JOCHIJHUKIB IPUKYTa 10 BUBYEHHS MEPOILIIaHIHIB 3 MOXIIHUMU 0apOITYypoOBOi
[58-61] Ta TiobGapOiTypoBoi kuciotu [60-63], ingagiony [64, 65], mipa3omigiHAIOHY
[66], Tputtianodypany [67].

CkBapaiHoB1 (CKBapuiii€Bi) OapBHHKH, SIKl € MPOAYKTaMH KOHJEHcalli KBaJgpaTHOI
KUCIIOTH 3 OaraTuM Ha €JIEKTPOHU TETEPOIMKIAMH, SBISIOTH COOOI0 CIMEMCTBO
CHOJIYK, SKI 3HAWIUIM IIMPOKE 3aCTOCYBaHHSA B Tally3i (POTOHIKM 3aBJASIKM CBOIM
YHIKQJIbHAUM BJIACTHUBOCTSIM, a caMe€ pI3KOMY Ta IHTEHCUBHOMY IOTJIMHAHHIO Y
BUJIUMOMY Ta OJIDKHBOMY 1H(pauyepBOHOMY Jiara3oHi, BHCOKHM MOJIIPHUM
Koe(ilieHTaM €KCTUHKIIII Ta BUCOKUM KBAaHTOBUM BuxojaM (uryopectieniii [68-70].
EnextponHy OynoBy CKBapaiHiB MOKHA 3alHMCAaTH Yy BHUIJISAI TPAHUYHUX CTPYKTYP
(puc. 1.6). 3a paxyHOK TOTO, 1110 AUIMOJILHUI MOMEHT CTPYKTYp 6, 2 MEHIIIE 32 @ Ta 0,

CKBapaiHOBMM OapBHHMKaM IpHUTaMaHHa cjladKa BijJ’€MHa cosbBaTxpomis [71-73].

Puc. 1.6 OcHOBHI rpaHUYHOI OyJJOBU OCHOBHHMX CKBapaiHOBUX OapBHUKIB

BcranoBieHo, 1m0 BBeJEHHS AWI[IaHOMETUJICHY [74] 3aMmicTh LEHTPaJIbHOTO
aToMa KHCHIO B KBaJIpaTi Ta TaJIOreHiB B Te€TEPOLMKIIYHI (hparMeHTu [75] mpuBOAUTH
JI0 TIOMIPHOTO 0AaTOXPOMHOI'O 3CYBY B CIIEKTpi MOTJIMHAHHS, a HAHOUIBII KBAaHTOBI
BHXOJY MalOTh OAPBHUKH 3 OEH30KCA30JI0BUM I'eTePOIUKIIYHIM (hparMeHTOM [76].
Brotouennst cynbhoHaTHUX Ta KapOOKCHUIBHUX TPYI TMOKPAILyeE PO3YUHHICTD
CKBapaiHiB y BoAl [77] Ta poOUTH iX 3JaTHUMH A0 MOJAJIBIIOI KOH foramii 3

OiomoJiekysiamu [ 78] Ta HAIIIOOYUMU Jiiranaamu [ 79]. 3aBasiku cBO1H LIBITTEPHOHHIMA
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OyZOBi, MOJIEKYyJIM CKBapaiHiB € OUIbII MOJSPHUMHU, HIK aHAJIOTIUHI 3a OyJ0BOIO
KaTioHH1 OapBHUKM [7]. ToMy i HMX XapaKTEpHUM € yTBOPEHHS arperariB B
NOJIAPHUX PO3YMHHMKAX. | HaBmaku, B rigpoGoOHOMY OTOYEHHI YM HEMOJSPHOMY
CEpellOBHUIIll, KBAaHTOBI BHUXOAHM (IIYOPECIEHINl 3pOCTaloTh, IO pOOHUTH IX

MMCPCIICKTUBHUMHA (I)J'IyopeCHCHTHI/IMI/I 30HJaMHM.

1.2 Bzaemonis ¢uyopodopis 3 anb0ymiHamMu

CupoBaTkoBuil anb0yMmiH (SA) € HalOLIBII MOMMPEHUM OUTKOM y KpoBi. B3aemogii
SA 3 Manumu JiraHaamMy CTald BIJIOMI 3aBISKM BHUKOPUCTAHHIO B KIIHIYHHX,
OlosoriyHuX 1 (apMareBTUUHUX IIIAX. Y JIIOJWHM JIIOJACBKHM CHPOBATKOBUMA
anpOymin (HSA) nemoHcTpye BHCOKY CTaOUIBHICTH 1 3[aTHICTH 3B'S3yBaTh pi3HI
JIKapChKl peYOBUHHU. 3MiHA PIBHIO albOyMiHY B KPOBI, SIK HOT0O 3MEHIICHHS, TaK 1
3pOCTaHHS, BKa3y€ Ha PsJ 3aXxBOPIOBaHb TaKUX SIK HUPKOBAa HEJOCTATHICTH,
rinepToHis, mykpoBui miaber ta iH. [80, 81]. buwauuii cupoBaTKOBUN anbOyMiH
(BSA), sixuii € romosiorom HSA, BukopucToBy€eThes y hapMaKOKIHETHUHUX 1 a)IHHUX
TecTax JiKiB sik 3amiHa HSA.

3/1aTHICTh abOYyMiHY 3B’SI3yBaTUCA 3 OPTaHIYHUMHU CIIOTYKaMU 3aJICKUTh BiJ
TPUBHMIPHOT CTPYKTYPH CaiTIB 3B’ 3yBaHHS, K1 pO3MOAUICH] 0 6ioMoriekyii. binok
HSA € o1HUM 13 OCHOBHUX OUIKIB-IIEPEHOCHUKIB B OPraHi3mi Ta CTAaHOBUTH MPUOIM3HO
MOJIOBUHY Ol7Ka, IO MICTUThCS B KpOBI JIIOJAWHHW. BiH yTBOpEHUN OJHUM
MOJIIMETITHTHAM JIAHIFOTOM, SIKHH OpraHi30BaHMA Yy TPU JOMEHH, KOXKEH 3 SKHX
CKIIQTA€eThCs 3 IBOX cyOoMeHiB A 1 B [82]. HSA micTuTh YnCIeHH] CaliTH 3BSI3yBaHHS,
ajie 3arajJlbHOBU3HAHO, 10 OpraHi4yHl JIraHgud 3B’SI3yIOTbCS B OOJACTAX, SIKI
posTaioBadi B rigpodoOHux nopoxkauHax cyomomenin IIA Ta [ITA: caitt I ta caitr II.
CropimHeHicTh 3B’s3yBaHHS 13 caitom [ (abo caiit BapdapuHy), B OCHOBHOMY
BiIOyBaeThCcsl uepe3 TiipodoOHy B3aEMOiI0, TEpPeBaKae€ 3B ’SA3yBaHHS BEIIUKUX
FeTEPOLMKIIIYHUX 1 HETaTUBHO 3apsuKeHuX cronyk (puc. 1.7). Tomi sk caiir II (abo

caiT iH70J1-0eH301a3eMiHy ) BKJIF0Yae KoMOiHaIiio riipodhoOHUX, BOJHEBHUX 3B’ SI3KIB Ta



30

€JIEKTPOCTaTUYHUX B3a€EMOJIA 1 € KpalmuM MICHEeM I MaluX apOMaTUYHHUX

KapOOHOBUX KHUCIOT [83].

1B

C-terminal

Puc. 1.7 byoBa J1101CBKOTO CUPOBATKOBOIO aJIbOyMiHY

Hanpuxknan, d¢uyGiponpoden apuimpornioHOBOi KHCIOTH B OCHOBHOMY
3B’s13y€Thes 13 cailtoM Il, Tofl K oro MeTuinoBuid eip NepeBa>kHO PO3TAIIOBYETHCS
Ha caiti I [83]. AnbOyMiH MOe 3B’SI3yBaTHCS 3 JEKUIbKOMa JiraHiaMu Pi3HOIO
MIpOIO, 1 pIBEHb 3B’A3yBaHHS CHOJYKH MOXE BapillOBATHUCS Bl JIy’)KE€ CHIBHOIO 0
c1abKoro 3aJI€KHO BiJl pi3HUX adiHHOCTEH, BIAMOBIAAIBHUX 32 B3AEMO/IIIO.

[Ipu B3aemonii moniMeTHOBUX (uryopodopiB 13 aibOyMiHOM B OLIBIIOCTI
BUIIAJIKIB BiOYBA€ThCA 3POCTAHHS I1HTEHCUBHOCTI (ryopectieHiii OapBHUKIB.
Posrnsgarore nBa MexaH13MHU B3aemojii: TiapodoOHI mpu ¢iKCyBaHHI MOJEKYJIH
OapBHHMKa B TiApodoOHIN KHIIEHI NPOTEiHy Ta eJEeKTPOCTaTUYHI 3a pPaxyHOK
CTBOPCHHSI HOHHUX Map MK 3aps/DKCHUMH TpynamMu OapBHUKA Ta aMiHOKHCIOTAMH
oinka. Brainomy HSA Mae 3aranpHuii HeratuBHU# 3apsan (Horo pKa = 5,4 [84]) npu
¢d13uon0riyHux 3HaueHHsX pH 1 Mae BHCOKY PO3UYMHHICTh 3aBISKH HAsgBHOCTI Ha
MOBEPXHI BEJIMKOT KIJIBKOCTI 10HI30BaHUX TPYII.

Sxmo oOroBoproBaTH 37aTHICTH (QuryopodopiB 1m0 Bi3yamszamii Ta ix
HAKOMMYCHHS B MyXJHMHAX, MOTPIOHO Opatm 10 yBarum (PapMOKIHETHKY MPOIIECY

noctaBku ¢uayopodopy o kmituH. OCHOBHMMH (haKTOpaMH, IO BIUIMBAIOTh Ha
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[IpoLIEC PO3NOAIIIEHHS — 1€ CTPYKTypa TKaHuH, pH cepenoBumia 1 31aTHICTh PEYOBHHU
3B’s13yBatucA 3 MakpomoJiekyiaamu [85]. Ilpu noTpamisgHHi y miaa3My KpoBi pedOBHHA
MEePEMIIYETHCS Pa30M 13 KpPOB’I0 1 Ha ii PO3MOJII MOXKE BIUIMHYTH 3B’SI3yBaHHS 3
Oinkamu 1UTa3Mu. B3aemonii Oiok—Iiranj BiOYBarOThCA MEPEBAXKHO B PE3yJIbTaTi
rigpogoOHuUX cua, BOAHEBUX 3B’s3KIB 1 cui Ban-nmep-Baanbca. Uepes BHCOKY
MOJICKYJIIPHY Macy O1JIKiB TuTa3Mu, 3B’ sA3aH1 3 HUMU OApBHHUKHU HE MOXKYTh MPOHUKATH
Kpi3b CTIHKM KanisipiB. OTxke, dpakiisi OapBHUKIB, 1110 3B’sA3aHa 3 OUTKaMH IIA3MH,
HE OJipa3y JOCTYMHA JJIsi PO3MOJUTY B Mo3acyauHHUW mpoctip [86]. Bzaemonis
XIMIYHOI PEYOBMHHU 3 OUIKaMHM IUIa3MU € 3BOPOTHIM mpouecoM. [IpoHMKHEHHS B
KJIITUHY 1 TOBEPHEHHS B IJIa3My MO>KJIMBE JIMIIIE JIJIs1 HE3B A3aHUX peyoBUH. CIIONyKU
KHCJIOTHOT'O XapaKTepy 3B’ A3yIOThCS 3 AlIbOYMIHOM, 1110 MPUCYTHIN SIK B TJIa3Mi, TaK 1
B TKaHWHAX, TOJAl K OCHOBHI — YTBOPIOIOTH 3B’SI3KM 3 KUCJIOTHHUMH 3aJUIIKAMU Ol
TJIIKOIIPOTETHIB 1 JIIMOMPOTEIHIB.

31aTHICTh OAPBHHUKIB MOTJIMHATUCA 1 HAKOIIMYYBATUCS B IyXJIMHAX IOB’A3YIOTh
13 3B A3yBaHHSAM OapBHUKIB 3 MOJIMENTHIAMH, 1110 TPAHCTIOPTYIOTh OPTraHiuH1 aHIOHU
(OATP), axi HaAMIPHO EKCIPECYIOThCA B PIZHUX THUMNAX NYXJWH, BKJIIOYAIOUU
KapIIMHOMHU JIETE€HIB, MO3KY Ta B TIIOKCUYHOMY MIKPOOTOYCHHI pakoBUX KIITHH [87].
[IpoTe Takok aKTUBHO BUBYAETHCS POJIb JIIOACHKOrO albOyMIHY Y HAaKONUYEHHI Ta
MEePCUCTEHIIT OapBHUKIB y MyxJuHIi. Tak, Ycama Ta crmiBaBTOpU HABOASTH JlaHi, SIKi
CBIlUaTh TPO Te, IO TIOTJWHAHHSA OApBHUKIB OMOCEPEIKOBYETHCSA CKOPIIIE
peuentopamu ansoyminy, HiK OATP [88]. KoBaneHTHI 1 HEKOBaJIGHTHI KOMIUIEKCH 3
albOyMIHOM TPOHUKAIOTh B KIITUHH MyXJWH 4Yepe3 pEeUenTopH aab0yMmiHy, IO
HAJMIPHO €KCIPECOBaHI B pakoBuX KiiTHHAX [89]. Pasom 3 TuM, KOBaJeHTHI aAyKTH
albOyMIHY HAKOMWYYIOThCSA B MyXJMHHIN TkaHuHi 3aBasku edexty EIIP (Enhanced
Permeability and Retendion), ToOTO mosiermeHoMy TPOHUKHEHHIO Ta HAKOITMYEHHIO
YACTMHOK Y MyXJIMHAX 32 PaxXyHOK MacUBHOI AMQY31i yepe3 XapaKTepHi Il My XJIHH
KaIliJsipHI TOPH 301IBIIEHOTO PO3MIPY, Ta YTPUMYIOTHCS IPOTATOM Jesikoro yacy. [Ipo
1€ CBI4aTh pOOOTH 3 AOCTIIHKCHHS HAKOTTMYECHHSI MIY€HOTO albOyMiHY B MyXJIMHAX
[90-92]. bepyun no yBaru BHCOKY KoHIeHTpaimito HSA y mnasmi, adidHICTh

3B’SI3yBaHHsA OpraHiyHuX MoJiekyal 3 HSA e BaxnuBuM (¢dakTopom, SKHIl ciaig
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BpaxoBYBaTH MpHU MPOECKTYBAaHHI Ta po3po01ii HOBUX (uryopodopis [93], OCKIIbKHY Taka
B3a€EMO/Iisl BIUIMBAE Ha KIHIEBY (DAPMOKIHETHUKY 1, BIJIMOBIIHO, HA G10PO3MO/LI.

[TornubGnene BUBYEHHS B3a€MO/1T MK allbOyMIHOM 1 OapBHUKAMH MA€ BaXKIUBE
3HAUCHHS JJIs PO3POOKM TOKpAIIEHUX METOJIB Ta 3aco0iB Bizyamizamii. Takox
HEOOX1THO BPaxOBYBaTH, IO B OUIBIIOCTI BUMAJAKaX YTBOPEHHS KOMILUICKCIB O110K-
OapBHUK  BIJOYBA€ThCS 3MiHAa  CHEKTPAJIbHO-TIOMIHECHIEHTHUX  BJIACTUBOCTEH
OapBHHKIB [94]. 30kpema, 3B’sI3yBaHHA 3 albOYMIHOM TEPEIIKOKAE arperarii
bayopodopiB Ta cripusie 301IbIIIEHHIO KBAHTOBOTO BUX0ay [95]. Tomy BaxkauBUMU €
TOCITIKEHHSI BIUTMBY MOJICKYJIAPHOT CTPYKTypu OapBHHKIB Ha 3B’S3yBaHHS 3
aTbOyMiHAMU Ta JOCIIIKEHHS (PApMOKIHETHKUA KOMIUIEKCY OapBHHUK-O1710K [25, 96,
97]. Hanpuxnan, 3B’si3yBaHHs 3 OUIKaMu IJIa3MHM KpOBi, B mepmly udepry 3 [3-
JIIompoTeiHaMHU, POOUTH MOXIIMBIM NTOBTOpHE BuKopuctanus O0apsauka ICG [98], a
TaKOX MPU3BOAUTH A0 OLIBII IHTEHCUBHOI (hTyOpECUEHIllT Ta 3MIICHHS MaKCUMyMY
MOTJIMHAHHS B JOBTOXBHJIBLOBY OO0JACTh CHEKTPY: MAaKCUMAJIbHUUM MK MOTIWHAHHS
croctepiraerbcs nmpu 805-810 HM y mikipi moauam in vivo [99, 100]. Ockineku ICG
Mae AK JnoQuIbHI, Tak 1 rapodiIbHI BIACTUBOCTI, BIH TAKOX MPOSBISE 000OPOTHE
3B’SI3yBaHHS 3 anbOyMiHOM 1 TJIOOyJiHAMU CHpPOBAaTKH, TakuMU SK ajib(dal-
minonporeinamMu. Ha BigMiHy Bia BiibHOTO OapBHMKA, KOMIUIeKc, yTBopeHui ICG 3
MMH OUIKaMU, TOBOJUTHCS SIK MaKpoMoJiekya [35].

B po6oti [25] mocnmimxeHuil BIUIMB JOBXKUHU N-ayKiapbHOI O14HOT Tpymu
moaudikoanoro 6apsarka MHI-148 Ha 3B’43yBaHHS 3 TPAHCIOPTHUMHU O1JIKAMU Ta
NOTJMHAHHA NyXiauHamu. [lokazaHo, M0 KOpPOTKI O14HI JAHIIOTH MEPEIIKOKAIOTh
B3a€MOJI1 3 O1JIKaMH, TOA1 K JJOBMOBYTJICIICB] 3aMICHUKU 3MIHIOIOTH T1podOOHICTS 1
YKOPCTKICTh CTPYKTYpH OTPUMAHUX CITOJIYK, BIUTMBAIOYM HA iX YTPHUMaHHS PAaKOBHUMH
kiitTiHaMud. CXOX1 pe3ysbTaTd OTpUMaHl B poOOTI AMOHCHKUX BYeHHX [97], 110
BUBYAJU BIUIMB JOBXHHHM N-alKUIbHOTO JaHIfora noxiguux OapsHuka IC7-1 Ha
010pO3MOJIUT 30HY Y MyXJIMHAX MaitokiB. s 1boro OyJid CHHTE30BaHi 11aHIHOBI
OapBHHKH 3 PI3HOIO TOBXKUHOIO (B 1 10 7) METUIBHUX TPYI B O1YHHX JIAHIIOTax (pHC.
1.8), ski 3abe3neywsiv IIUPOKHI [lana3oH JINOQPUIBHOCTI 1 3B’A3yBaHHA 13

CUPOBATKOBUM aJIbOYMIHOM:
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(N)
H) "
IC7-1-Me (n=1); IC7-1-Et (n=2); IC7-1-Pr (n=3);

IC7-1-Bu (n=4); IC7-1-Pe (n=5); IC7-He (n=6).

Puc. 1.8 bapsauk IC7-1 Ta iioro anaioru

[Tpu MiKpOCKOITii KJIITUH Kpallle NOTJIMHAHHS BUSBUJIH JIJIS CIIOTYK 3 KOPOTKUMH
O1YHUMHM JIAHITIOTAMU, TOJII SIK BUIILY IHTEHCHUBHICTH ()ITyOPECICHIIIT IPH JTOCIIIHKEHHS
In vivo crocTepiraau Jjis TOXIIHUX, IO MICTSTh aJKUIbHI JIAHIJIOTH CEPEeaHBbOT
ToBkMHU (n= 3 — 5), TakoX JUIsi HUX BUSABJICHE 1 crenudiuHe 3B’SI3yBaHHA 3
aTbOYMIHOM 13 BUCOKUMHU KOHCTAHTaMU 3B’ sI3yBaHHS.

Ha npuknani tpumerunuianidiB 2-4 (puc. 1.9) nokazano, 1o po3mip Jirasja
BILJIMBA€E Ha 3B’SI3YBAHHS 13 JIIOJICBKUM aIbOyMIHOM, 30KpeMa 3aMiHa €THJIbHUX TPyl
Ha OyTWIbHI Y¥ (PEHUINPONIIBHI MPUBOJIUTH JI0 3pOCTAHHSI KOHCTAHT CIIOPITHEHOCTI 3
aTbOYMIHOM, ITPOTE y BUMAAKY 4 BUHUKAE CTEPUYHA MEPEIIKOJIa Y B3aEMO/II1 3 O1IKaMHu

[90]:

2 W,

?\l/ NG l\\l
R R
2, R= Csz; 3, R= C4H9; 4, R= (CH2)3Ph

Puc. 1.9 bygoBa TpuMeTHHITIaHIHIB

OxpiM BILUTMBY JNO(UIBHOCTI OApBHUKIB, POBOJMIIUCS JOCIIIKEHHS BIUIUBY
3MiHU TiApodoOHOCTI OapBHUKIB HA 3JATHICTH 3B’SA3yBaTHCs 3 OUTKaMH TIa3MH 1,
BIIMOBIAHO, HAa (papmokineTnuHi BiaactuBocTi [101]. Jlynst mporo OysM CHHTE30BaHi
HECUMETPUYHI  LIaHIHOBI  OapBHUKHM, LI0 BIAPI3HSUIMCS  KUIBKICTIO  IpyI

cynbdpokuciotd (n = 1 - 4). Koncranta 3B’s3yBaHHA HaWOUIbII T1apo¢doOHOTrO
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OapBHUKA, 10 MICTUB OAHY Cylbdorpymy B cTpykTypi (n = 1), i3 CHUpPOBaTKOBUM
anpOoymiHom Ouka (BSA) Oyna y 18 paziB Ouiblna, HIXK Yy HaHOUIBII T1ApO(UIEHOTO
OapBHuka (n = 4). JlomaBaHHs OJiHI€lI Cyab(Orpynu B CTPYKTYpY MNPU3BOAMIIO O
3MEHIICHHS] KOHCTaHTH 3B’ 3yBaHHS MPUOIU3HO B 2-3 pasu.

Yumano poOIT NMpUCBIYEHO BUBUCHHIO B3a€EMOJIIT CKBapaiHOBUX OapBHHKIB 13
CUPOBATKOBUMH ajibOyMiHaMU. 30KpeMa, CEJIEKTHUBHE 3B’SI3yBaHHS CKBapaiHOBOI'O
OapBarka 5 13 BSA BuxopucTtoByBanmu [jisi MOHITOPUHTY €HAOIMTO3Y OWYA4Oro
albOyMIHY B JKMBHMX KJITHHAX y pexumi peanbHoro udacy [102], a HekoBaJIeHTHI
KOMIUIEKCH #oro anamora 6 13 JIOJCPKMM albOyMIHOM JOCHIDKYBaldM SIK

MEePCIeKTUBHMM peareHT Jyis (hIyopeclieHTHOro Bu3HadeHHs O1kiB (puc. 1.10) [103].

Puc. 1.10 bynosa ckBapaiHoBuX OapBHUKIB 5 Ta 6

JUts 3701MCHEHHST KOHTPOJIbOBAHOI (PAPMOKIHETUKH CTBOPIOIOTH 30HIU IS
Bi3yamizailii HUISXOM SK KOBAJICHTHOI KOH'foramii, Tak 1 CylnpaMOJeKyJspHOT
iHKancysauii. HekoBaneHnTHa B3aeMo/isi ckBapaiHoBHX OapBHUKIB 3 BSA cripusina 10-
KpaTHOMY 3pOCTaHHIO IHTEHCHBHOCTI ()IyOpecleHIli Ta 30UIbIIEHHS Yacy >KUTTA
bayopodopiB 3 0.32 HC 10 3,7 HC, YTBOPEHI HAHOKOMIUIEKCU OapBHUK-OUIOK OyH
BUKOPHUCTaHI SIK 30H/IM JUIsl BHYTPIIIHBOKIITUHHOT Bi3yamnizauii [104]. {ns 6apBHUKIB,
0 MICTSATh XJIOP B ME30-TIOJIOKCHHI 3a3HAYA€ThCS MOXKIJIMBICTh KOBAJICHTHOI
Moaudikallii, cepen AKoi 1 3B’ a3yBaHHs 3 anbOyminamu [15, 105]. Tak, nins MHI-148
Ta 10ro aHaJory, o MICTUTh (PEHIIBHY IPYIly 3aMICTh aTOMa XJIO0py, OyJii IPOBEIEHI
JOCTIPKEHHS 3 MOTJIMHAHHSA Ta QuIyopecUeHIl Ipu B3aeMoii 3 po3unHoM HSA. Jlna
000X OapBHUKIB OyB BHSBJICHUN XapaKTepHUN 3CyB MAKCUMyMY HOTJIMHAHHS B

JIOBTOXBUJILOBY 00JIaCTh, IO CBIAYUTH MPO HEKOBAJICHTHY B3aEMOIIIO 3 AIbOYMIHOM.
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[Tpore, mns MHI-148 3 aromMoM XJIOpY CHOCTEpPIrajocsi 3 4YacoM IOBUIbHE
rincoxpoMue 3mimieHHs Big 805 mo 791 HM, WMOBIpHO TOB’sS3aHE 3 YTBOPEHHSM
KOBQJICHTHOTO KOMIUIEKCY alibOyMiHy 3 OapBHHMKOM [88]. IIupoko mOCHIIKYy€ThCs
BILJIUB ME€30-3aMICHHKIB Ha CIIEKTPaJIbHI BJACTUBOCTI OapBHUKIB, & TAKOXK 1X 3/1aTHICTD
0 B3aeMoOJii 13 HYKJEiHOBHUMHU Kuciotamu Ta Oinkamu [90]. Tlpm posrismal
CIEKTPaJbHOI TMOBEAIHKM TIOKapOOLiaHIHOBUX OapBHHUKIB, IO MICTITh B
MOJIIMETMHOBOMY JIAHII031 ME30-3aMICHUKM TIOKa3aHa HAasBHICTh IIUC- 1 TpaHC-
130MepiB, 10 3HAXOJAThCA B TEepMOAMHAMIYHINA piBHOBa3i. Ha 3MmimeHHs i€l
piBHOBaru y OIK (pJIyOpEeCUEHTHUX TPaHC-130MEPIB MOXKE BIUIMBATH MIKPOOTOYEHHS
OapBHMKIB. bBapBHUKM [HaHOTO THIy 3ampoOINOHOBAHI fAK 30HAM JUISl JACTEKIli
HYKJIETHOBUX KUCJIOT Ta JJis BUSIBIICHHS anbOyMmiHiB [90].

Kor’roratu Ha OCHOBI MOJIMETHHIB 13 JIKAPCHKOI CIOJYKOK IOTPEOYIOTH
MIHIMaJIbHOI B3a€EMOJIl 13 TpaHCHOpPTHUMHU Oinkamu [28, 106] myist yHUKHEHHS
IIBUKOTO BUBEICHHS 3 OpraHizMy. B psimi pobitT mokazaHo, 0 OJHUM 3 KIFOYOBUX
dakTopiB BIUIMBY Ha 3B’S3yBaHHS 3 albOyMiHAMHU € PO3MOJAUICHWN IO TMOBEPXHI
bayopodopy 3apsa. Bussieno, mo kationui +2 (ZW800-3a) ta anionsi -4 (CW800)
dbayopodopu HecnenudiuHO NOTIMHAIOTHCS B pi3HUX opranax (puc. 1.11). Ilpu vomy
aHIOHHMI OapBHUK JIEMOHCTPYBAaB 3HAUYHY EKCKPEI[I0 B JKOBY 3 BUCOKUM
(bIyOpecIeHTHUM CHUTHAJIOM IO BCHOMY IITYHKOBO-KHUIIIKOBOMY TPAKTy, KaTiOHHUN
PO3MOMUIABCS B IMEYiHIl, KAIIEYHUKY Ta B HUpKaX. ToJli K BITTEpHOHHA MOJIEKyIa
ZW800-1 BuBoawiacs BHUKJIIOYHO HUPKaMU O€3 MOMITHOrO Hecneuu(igHoro
(OHOBOIr0 CHrHajJy B TKAHMHAX Ta IHIIKX OpraHax.

0.0 0.0

—~ N

/\
Net charge -4 Net charge 0 Net charge +2
CW800 ZW800-1 ZW800-3a

Puc. 1.11 byznoBa OapBHUKIB 13 pI3HUM CyMAapHUM 3aps/I0M Ha IIOBEPXHI
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B pob6oti mpumyckaiooTh, 0 HBITTEPHOHHI MOJIEKYJIH MIHIMI3yIOTh B3a€EMOJIIO 13
CHPOBATKOBUMH O1JIKaMU Yepe3 BHYTPILIHIO CKOMITIEHCOBaHICTh 3apsiB [107].
HeratuBHuM HacnmigkoM B3aemojii OUIOK-OapBHUK MOXe€ OyTH YTBOPEHHS
HecrienudiuyHoi (uIyopecieHInii, ska MacKye crenuiYHui CUTHAN BiJl aHAMITY YH
3aBaka€ aHalli3y JaHUX MPU BUKOPUCTAHHI JOHOPHO-AaKIENTOPHUX Map 3 eheKToM
raciHHs, a TaKOX 3a0e3neuye HeKOHTPOJIboBaHy dapmokineTuky [105]. Okpim Toro,
3B’sI3yBaHHA 3 aJlbOyMIHAMH 4YacTO TMPHU3BOJIUTH JO IIBUAKOTO BUBLILHECHHS

npenapary.

1.3 TloaimeTnHOBi 0apBHMKH SIK (pOTOCEHCHOITI3aTOPH IJIs1 (POTOAUHAMIYHOL

Tepamnii

®oroaunamiyna tepamis (OJT) — HeiHBa3iiiHUN TepaneBTUYHUNA METOJI JIKyBaHHS
NyXJUH, 10 MPOBOJUTbCS B Oe€3Mocepe/iHii JOoKalli CBITJIONOIIMHAIYOI0
dbotocencubimizatopa [108]. Ictopuuna mnepumicts PS Hanexuts croiaykam
nopdipuHOBOTO psAdy. [[o TemepimHiX yaciB MpOBOAATHCS PO3POOKH Ta MoaudiKaiii
NOXIJTHUX MOPQIPUHY, OCKUIBKMA J0CI 3aJUIIAETbCS HE PO3B’SI3aHOIO0 IiJla HU3KA
npobisieM, 10 MOB’si3aHAa 3 IX BHUKOPUCTAHHAM, 30KpeMa, TEMHOBA TOKCHUYHICTb,
HECTIMKICTh. BumbmricTs KiIiHIYHO cxBaieHUX (oTroceHcuOuizaTopie (PC) — me
CHONMYKH MOp(ipuigHOrO PsIy, IIO XapaKTePU3YIOTHCA TEHEPAli€l0 CHUHTIECTHOTO
KHCHIO TIPpH OIPOMIHCHHI CBITIIOM 3 JOBXHHOIO XBHJI, CHCIUMDIYHOI IS
dotocencudmizaropa. OcHoBHuit MexaHi3M aii ®C mnonsrae 'y OpOXOJKEHHI
¢doroaunamiunoi peakuii (O/IP), npu nupomy OC PoTo30ymKyeTHCS O CHHIIIETHO-
30y/pKeHoro crany (Hampukiaza S1) 3 mojganbliuM MIKCUCTEMHUM MEPETUHAHHSIM
(ISC) Ta yTBOpeHHsM TpuILIeTHO-30ymkeHoro crany (T1). [Jami, 3aBasku Tpuiier-
TPUILIETHOMY MEPEHOCY €HEprii MOKJIMBE YTBOPEHHS cUHIIIeTHOro kucHio (tum II)
ab0 yTBOPEHHsI paJuKalliB Ta 1HIMX akTUBHUX (opMm kucHiO (ADK) (manpuxnan,
cynepokcua-paaukanbauii anion) (tun 1) [109]. O6Guagsa Tunu nependavyaroTh
MPUCYTHICTh KHUCHIO, BOJJHOYAC CXUIIBHICTD J0 MPOXOKeHHs peakilii 3a [ uu I Tunom

3aJIeKUTh BIJ PIBHS KMCHIO Ta BiJ TUIY cyocTpaTy. [I[pOHMKHEHHS CBITJIA 3aJI€KUTh
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Bl ONTUYHUX BJIACTUBOCTEM TKAaHMHM Ta JOBXKWMHU XBWJl CBITJIA, WIO
BUKOPUCTOBYIOTh. 30KpeMa, BUKOPUCTAHHS CIEKTPAJIBbHOIO Jiana3oHy aldo Tak
3BaHOTO «(doToTepaneBTUUHOr0 BikHa» (600 — 1300 HM), € BaXJIMBOIO YMOBOIO IIPHU
ctBoperHi HoBUx DC. [omryk HoBux edextuBHUX DC TaKOXK 30CEPEIKYETHCS HA 1X
HU3BbKIM TEMHOBIM TOKCUYHOCT] Ta BUOIPKOBUM HAKOTTMYEHHSM Y yXJIMHHIN TKaHHUHI.
[ToniMeTrHOBI OApBHUKM MAalOTh 3HAYHUM MOTEHINAN i (PyHKUIIOHATI3AIl Mif
pPI3HOMAaHITHI YMOBM BUKOPUCTAaHHS y MEIHUKO-OI0JOTIYHUX 3aCTOCYBaHHSX.
Hanpuknan, MoxyTb OyTH (yHKIIOHANI30BaH1 TiApOQUIbHUMU, TiApohOoOHUMH,
ninodineHuME, ninopodHumMu 1 aMmpidinbaumu rpynamu. OHAK Ciif] 3a3HAYUTH, 10
3Ha4YEeHHs KBAaHTOBUX BUXOAiB redeparii 'O, y IIB 3Ha4HO H¥DKYE, HiK IOXiIHMX
nopdipuny. Lle moB’s3aH0 3 TUM, 1110 Y OJIIMETUHAX OCHOBHUM KaHajiaM JI€3aKTUBAIll1
CIICKTPOHHO-30Yy/DKEHOT0 CTaHy € (poToizomMepu3alris, Ska BiJOYBA€ThCA HA JICKiIbKa
MOPSAKIB MIBHIIE, HI’K 3a00poHEHa 1HTepKkomOiHaliifHa koHBepcis [110-113]. Tomy
TpurieTHUi ctan y [1b 3acenseTscst HenOCTaTHBO, 00 ehEeKTUBHO CEHCUOLTI3yBaTH
CUHTJICTHUN KUCEHb. {7151 BUpimeHHS 1i€l mpobieMu po3polieHi pi3Hi Moaudikarrii
ctpykrypu I1b. OnHa 3 HailOUIbII MOMMPEHUX 0a3yeThCsl HA BBEJIEHHI B CTPYKTYPY
BOXKHX aTOMIB, SIKI TOCUJIIOIOTH CIIH-OpOITaJbHy B3a€EMOII0, a BIJIMOBIIHO
1HTepKOMOIHAIIHHY KOHBEPCIIO.

OCHOBHMMHM BUMOTaMH 11 CTBOPEHHS €()eKTUBHOTO (hOTOCEHCUOLTI3aTOpa €:
- BUCOKHUH KOe(IIiEHT MOJIAPHOT EKCTUHKITIT B JAianma3oHi poO040i CMyTH OTJIUHAHHS
CBITJIA.
- 1HTEHCUBHE MOTJIMHAHHS CBITJIA Y BIKHI MPO30pPOCTI TKaHUH, TOOTO y Jlana3oHl
JTOBXKWH XBUJIb 650-1200 HM, OCKUIBKY TJIMOMHA MPOHUKHEHHS CBITJIa 30UIBIITY€E€THCS Y
HaANpsIMKY B1Jl BUIMMOTO 70 OibkHboro 1Y miana3oHy cnekrpa.
- BHCOKAa IHTEHCUBHICTh (JIyOpecIeHIlli, sKa [03BOJUTh BHKOPHCTOBYBATU
(bayopeclieHTHI O3HAaKW 3J0SKICHUX a00 mMepeapakoBUX yTBOPEHb 3aMICTh
TICTOJIOT1YHO1 A1arHOCTUKH, a TAKOX KOHTPOJIOBATH MPOLEC JIIKYBAaHHS;
- edeKkTUBHA TeHepailisi KUCHEBUX a00 HEKUCHEBUX aKTHBHUX (OpM, IO 3/1aTHI

pyHHYBaTH OHKOKIJIITHHH;
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- MaTH HHU3bKY TEMHOBY ITUTOTOKCHYHICTh 1 BUCOKY (POTOTOKCHYHICTH. JJIs 1BOTO
CIICKTPOHHUHN Tiepexiy OapBHUKA, SIKUM 30YyKY€TbCS MM JII€I0 CBITJIa, IOBHUHEH
3HAYHO MEPEBUILYBATH [0 IHTEHCUBHOCTI 1HII €JIEKTPOHHI MEPEXO/IH 1 BIJICTOSTH Bij
HUX Ha JOCTATHIN BiJIcTaHi, 100 MiHIMI3yBaTH IIK1IJIUBE TIOTJINHAHHS;
- MaTH 3/IaTHICTh HAKOMMYYBATHUCS B MyXJIMHI TMOPIBHIHO 31 3JI0POBUMU TKAaHWHAMH.
Ile oquH 13 HalBaAXKJIUBIIIUX acneKTiB BUOipkoBoi aii OJIT.

Cepen moaiMETHHOBUX OapBHHUKIB BIJIOMHM 1 HAHOLIBII JOCIHIKEHHM €

dboToceHcuO1I13aTOp HA OCHOBI MepoliiaHiHoBoro 6apBHuka - MC 540 (puc. 1.12).

NaO3S

Puc. 1.12 Bynosa mepomianiny MC 540

bapBHMK  yCIHIIIHO  JOCHIJDKYBaBCA Ha TBAapUHHUX MOJENSAX  AyTOJIOITYHOI
TpaHCIUIAHTAIlll KICTKOBOTO MO3KY IS YyCYHEHHs KIITHH Jeiikemii a0o
HEHpoOIaCTOMHU 3 IMITOBAHMX AayTOJIOIIYHHUX TPAHCIUIAHTAHTIB KICTKOBOTO MO3KY
[114]. Kpim Toro, meporiaHiHi TpeKpacHi 30HAM MOJspHOCTI GiomemOpan. Ha ix
OCHOBI pO3pO0OJICHI yHIKaJIbHI 30HAM, IO MOXYTh BHOIPKOBO pearyBaTh Ha
yHiBepcaibH1 abo crieuudiuni (HykineodiibHy 1 e1eKTpodiibHy) coapBartaito [115].
Jlo HeloTiKiB TpyIy MEPOIIiaHiHIB MOYKHA BITHECTH MaKCHMaJIbHE TIOTJIMHAHHS CBITJIa
3a Mexxamu OmkHboro IY mianmazony cmektpa. Lls mpoOieMa chorojHi BUpilieHa
PO3pOOKOI0 HOBOTO THITY MEPOIIiaHiHIB Ha OCHOBI TpHULllaHO(PYpaHy, SIKi IHTECHCHBHO
MOTJIMHAIOTH 1 JIOMIHECIIIOIOTh Y TepaneBTUUYHOMY BikHI, Hanpukiaa, MC-6TCF
(amax = 812 Hm, £ = 22.1 x10* M 'eM™!, Afmax = 840 mM, Dr=22% B JIM®DA) (puc. 1.13)
[116]:
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N\\\\

tBu)

MC-6TCF
Puc. 1.13 bynosa 6apsauka MC-6TCF

[1le oaMH HEMOMIK — HEBUCOKI 3Ha4eHHs BUXOy 'Oz, JJis MOKPAIIEHHS [[LOTO ACIIEKTY
€ IMHUPOKE KOJIO CTPYKTYPHUX MoAM(IKaIii MepoliaHiHiB. MepolliaHiHA BUKIUKAIOTh
NEPEKUCHE OKHUCHEHHsS (ocdommiaiB y memOpani [117], mo 1HIyKye HEKpo3 Ta
oOMexxye KOpucCThb JikiB. OJIHAK TOCIIIPKEHHS MEPOIlaHiHIB IS JIIKYBaHHS PaKy HE
npunuHseTbes. Tak, 3actocyBanHs MeponiaHiny MCRh s nmikyBaHHS selikemii
BUSBWIIO 3HWKEHHS >KUTTE3IATHOCTI pakoBuX KiTUH K562 [118]. KpiM mikyBaHHSA
paKky, MEpOIllaHIHU TaKO0X 3aCTOCOBYIOTh IS aHTHUMIKpoOHOi Tepamii (puc. 1.14)
[119].

BcranoBneno, 1mo MepoiliaHiHUu BUSBISIIOTH IMYHOPETYJISTOPHI BIACTUBOCTI
[120]. AT 3 MC540 y muiayux reMOnoeTHYHUX CTOBOYPOBHUX KJIITHHAX MOKA3aJo,
10 YYTJMBICTh KIITHH O MEpOL[IaHIHy BU3HAYAEThCS OApPBHUKOM 3B ’S3yBaHHS 3
KIITUHAMU-MIiIeHsIMU.  CHOpIIHEHICTh  3B'S3yBaHHS  3HWXKYEThCA Yy  3pLINX

JiMponuTax 1 MiABUILYETHCS Y TEMONOETUYHUX CTOBOYPOBHUX KIIITUHAX.

-
Me +
N
QN’ = "“Me
)\; =
s
d “Et

MC Rh
Puc. 1.14 bynosa 6apsauka MCRh
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OxpiM MepoIiaHiHOBUX OapBHHKIB, K (POTOJMHAMIYHI areHTH MIHUPOKO
JOCIIIKYIOThCSL TIPEACTAaBHUKKM CKBAapaiHOBOTO psiay. CKkBapaiHM XapaKTepU3yIOThCs
3HAYHOK (POTO- 1 TEPOMOCTIMKICTIO, BUCOKUMHU 3HAYECHHSIMHU MOJISIPHOI €KCTUHKII 1
JoCsITalTh Aianma3oHy noriuHanHs cBiTia 1000 am. Lli BracTuBOCTI 3poOuim iX
NpUBaOIUBUMHU JIJ1s1 O10MEAUYHUX 3aCTOCYBaHb, Y TOMY YHUCII1 SIK CEHCHUO1T13aTOPH JJIsI
®JIT. BBeneHHsI Ba)KKUX aTOMIB, 30KpeMa, Moy, IHAYKYIOTb BUPOOJICHHS 3HA4HOI
KUIBKOCTI ~ CHHTJICTHOTO  KHCHIO, 1[I0 TMPU3BOAUTH JI0  OIOCEPEIKOBAHOTO
MITOXOHJPISIMU AallONTUYHOIO pyiHyBaHHS nyxiauHu [121]. YV iH#oneHIHOBUX
ckBapaiHiB 7 — 9 (puc. 1.15 ) 3maTHICTh 10 reHepallii CUHIJIETHOTO KUCHIO 3pOCTAaE 31
30UIBIIICHHSIM aTOMHOI Macu rayioreny [122], OyTWiIbHI Tpynu Npu IbOMY CHPHUSIOTH

30LJIBIIIEHHIO PO3YMHHICTI 1 IPOHUKHEHHIO Kp13b O10MeMOpaHu.

7Y=H;8Y=Br;9Y=1I

Puc. 1.15 bynoBa iH10JICHIHOBUX CKBapaiHOBUX MOX1THUX

B nHacTynHii 3ampomnoHOBaHIi cepli CKBapaiHIB 3aMiHA 130IPOIUIIAEHOBOI TpYyNH
oapeuuka 10 aromamu S (ITb 11) 1 Se (IIb 12) (puc. 1.16) migBuiye reHepario

cunrietHoro kucHwo 1 ®J(T aktuBHicTs [122,123]:

Y
o Bu

X N

N

Bl

10, X=C(CH3),, Y=H; 11, X=S, Y =H;
12, X=Se,Y=H;13, X=Se, Y =1

Puc. 1.16 byznoBa ckBapaiHoBuX noxigHux 6apsHuka 10
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MaxkcuManbHU €QEeKT AOCATaeTbCS MpPU KOMOIHAIl ABOX BaXKHUX AaTOMIB: Y
KatioHHOMY xpomodopi atomy Se, a y anionnomy — [ (ITb 13) [124]. ikaBo 110
Gaperuk 10 epextrBHO reHepyBaB 'O> B NOPIBHAHHI 31 CTAHIAPTOM - METUIEHOBUM
CHHIM, X04a B HOr0 CTPYKTYpi BifcyTHi Baxkki aromu [125]. MMoBipHO Taka 3/1aTHICTb
CKBapaiHy € HacligKoM e(eKTy B3aeMOJil KaTIOHHOTO 1 aHIOHHOTO XPOMOQOpiB.
BiguyTtHa iX B3aemojlisl BiI3HAYasacsi HAa MPUKIIAJlI KOBAJEHTHO 3B’SI3aHUX TaKHUX
XpoMoopiB y KaTiOH-aHIOHHUX OapBHUKIB [126, 127], a TakoXX y HE3B’s3aHUX
xpoModopiB B MOHHHMX TMapax KaTiOH-aHIOHHUX OapBHUKIB [128]. Bzaemomis
XpoMo(OpiB IPUBOJIUTH 0 30JMKeHHs Si 1 T- piBHIB, 1, BIANOBIIHO, 10 3POCTaHHSA
iiMoBipHOCTI iHTepKOMOiHaMiiHOT KoHBepCii. Ii 3pocTaHHAM MOKHA MOSICHUTHU TaKy 5K
aKTUBHICTh Yy JAMIllaHOMeTWIeHoBUX aHanoriB 14 - 17 ckBapainy 11 (puc. 1.17)

[129,130]:

14, R = R1 =Me; 15, R = R1 = (CH,);:COOMe;
16, R = Me, R1 = (CH2)3COOMe; 17, R = R1 = (CH2)3SOs-

Puc. 1.17 byzaoBa n1uiiaHOMETUIIEHOBUX CKBapaiHiB

BoHu, Ak 1 THUNOBI CKBapaiHW, XapaKT€PU3YEThCS BHUCOKOI IHTEHCHBHICTIO
noTJuHAHHA 1 QuiyopectieHinii. 3aMiHa aToMa KUCHIO Ha JII[IaHOMETHUJICHOBY TPYILY
IPUBOAUTH 1O 0ATOXPOMHOTO 3CYBY CMYT IMOTJIMHAHHS 1 (piryopeclieHii 3a paxyHOK
MOJIOBXKEHHA XpoModopa, 1o 30UIbIIy€e IITMOMHY 30HAYBAHHS TKAHHH MOPIBHSHO 3
aHAJIOTITYHUM CKBapaiHOM. YCi CHOJYKH TPOSBWIM JYXKE HU3bKY TEMHOBY
HUTOTOKCUYHICTb, aJl€ BUSABJSIIM PI3HY (DOTOLMTOTOKCUYHICTh 32 PaXyHOK TreHeparii
10, y mopszxy 15, 16, 14, 17, 10 y3rouKy€ThCS 3 TIMOUHOK NOTJIMHAHHS KIIITHHAMU
WX CMOJyK. EKcriepuMeHTH in vivo y Mojeli MiAIIKIPHOTO KCEHOTpPaHCILUIaHTaTa
MU T OmpoMiHEHHsSM sa3zepoMm 690 HM TmoKaszamu, MO AWIliaHOCKBapaiH 15

MOBHICTIO 1HTI0Y€ PICT 3JIOSKICHUX KIIITUH IUIIXOM SIK HEKPO3Y, TaK 1 aromnTo3y, o
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CBIJUUTH MPO BUCOKY e(eKTHBHICTH Horo sik ¢oroceHcudbinmizaropa PDT. Ogaum 3
1oro oOMeXeHb € BIJICYTHICTh HAIlUTFOBaHHS Ha yxJuHy. [IpoTe pe3ynbraru in vitro
nokasainu, 1o Bucoka epexktuBHicTh OJIT GapBHUKa 15 B OCHOBHOMY BHU3HAYA€THCS
HOro  NUIIaHOMETUJICH3aMINEHUM  SApOM. bBIYHI JIaHIIOTM — BIUIMBAaIOTh HA
dbapMakoKiHETHYHI BIacTUBOCTI. ToMy nuissxom MoauGiKyBaHHs TAKUMH JIAHITIOTaMH
Ta 1IMMOOLTI3ali€l0 3a JOMOMOTOI0 HAIUTIOIOYMX AareHTiB, Hampukiaa, (omieBoi
kuciotd, reditnHiOy, RGD mnentuay, aHTUTII Ta HAHOYACTUHOK, HAa OCHOBI
JTUI1aHOMETUIICH3aMIILEHUX CKBAapaiHOBUX OapBHUKIB MOXXHA OTpUMAaTH €(EeKTHBHI
OC pis O/T.

Monaudikarris BUXITHUX OapBHUKIB 18 Ta 19 MKOJIJI  Ta
JTUIIKOJIUIAMIHOTPYIIAMH  CIIpUsijia 3POCTAHHIO TEMHOBOI TOKCHMYHOCTI, TOJI SIK
3HaueHHs [Cso miciisg onpomiHeHHs cBITJIOM Bu3Ha4yeHo Bif 0,15 10 2 uM, B 3amexHOCTI
B1JI KJIITUHHOI JiHIi, 0 y 8-24 pa3iB BuUIlle, HI)XK TEMHOBa TOKCHUYHICTBH (puc. 1.18)

[131].

18, X=0",7Z=-, R=CH,CH;,
19, X = O', Z=-R= (CHz)sCH3

Puc. 1.18 bynora 6apeuukis 18 Ta 19

CunpHuit eexT criH-opOiTaTbHOT B3a€MO/IIT CIIOCTEPITraBCs MPHU 3aMiHI aTOMa KUCHIO
B aHIOHHOMY XpoModopi atoMoM cipku (TiockBapaid 20) [132]. 3BicHO, 1110 OCTaHHIH,
SIK B&KKUU aTOM, BHOCUTH TeBHY foit0 B [ST-kouBepcito (puc. 1.19). Onnak Takox
3HAYHO BIUIMBA€E HAa B3a€EMOJIIF0 XpOMO(DOPIB 3a paxyHOK 30JMKEHHS iX Jlana3oHiB
MOTJIMHAHHS 1 3pOCTaHHS CUJIM OCIIUJISITOpa aHIOHHOTO XpoModopa Mpu Takiid 3aMiHi.
KBanTOBO-XIMIYHUI aHaJi3 TIOKa3ye, IO MPU MOTIMHAHHI KBAHTY CBITJIa y OapBHUKA
20 BigOyBaeThCsl 1HBEpCis O€3BUIPOMIHIOBAIBLHOTO NT* 1 BUIMPOMIHIOBAJIIBHOTO 77T™*

HWKYUX CIICKTPOHHUX CTaHIB.
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S
(Bu),N O OC N(Bu),
S

20
Puc. 1.19 Bynosa TiockBapainy 20

[le 3HaYHO 3MEHIIIY€ EHEPril0 CHUHIJIET-TPUILUIETHOTO PO3IICIUICHHS 1 30UIbIIYy€E Yac
KUTTS 30y/PKEHOro craHy. HacimiikoM 1bOro € CUJIbHE MiJABUIIECHHS KBaHTOBOTO
BUXOJ1y B TPUILIET 1 FeHepallii CHHIIIETHOrO KUCHIO npakTudHo a0 100% [132].

Cnil 3a3HAUUTH, 10 MPUCYTHICTh Ba)KKOTO aTOMa HE 3aBXKJMU BIUIMBAE Ha
dboroauHamiunuii edekt [12, 122]. Tak, y po6oti [12] mOBIZOMISIOTE IPO CHUHTE3 1
CIIEKTPOCKOMIYHI XapaKTePUCTUKU OpoM3aMillleHuX OCH31HAOMEHTaMETHUHIIIaHIHIB 13
AIKUTbHUMHU 3aMICHUKAMH PI3HOT JOBXKHHHM TPU TETEPOLMKIIYHOMY aTOMi a3oTy.
[Toka3zano, mio 111 I1b 31aTHI TeHEepyBaTH peakTUBHI BUJIM KUCHIO B HE3aJI€KHOCTI BiJT
IPUCYTHOCTI TaJOr€Hy B CTPYKTypl. ABTOpPH MpPUIYCKaIOTh, IO TaKa NOBEAIHKA
MOB’si3aHa 3 TIIMOMHOIO Jokami3aiii PS y 6iomemOpaHi, sika BU3HAYA€THCSI JIOBKUHOIO
QIKIJIBHUX JIAHLIOTIB MPU aToMi a30Ty B rerepouukii. [Ipo cxoxi pesyibratu
noBiomisieTbess B poboti [122]. Kpim Toro, ¢oroanHamiuHa aKTHUBHICTh MOX1THUX
CKBapWJI€BUX OapBHUKIB 13 TaJOr€HaMH 3aJICKUTh BiJI TOJIOKEHHS OCTaHHIX Yy
rerepoukii. Bona cuibHime Bupaxena st Br-C4 ta [-C4, nix qis Br-C2 ta [-C2,
HMOBIPHO, Yepe3 BIAMIHHICTh B JINMOQP1IIBHOCTI CTPYKTYp. JlimodinbHICTh BIITMBAE HA
XapaKTEPUCTUKHU JIIKAPCHKUX 3aC001B, CHOPHUSIOUM iX PO3YMHHOCTI Ta MPOHUKHOCTI
yepe3 010JI0riyHI MeMOpaHHu. TakoX OCTaHHIMU pPOKaMH MPOBOAUTHCS MOIIYK
oe3aTomaux TpurieTHUX OC 13 MaTUMU OPTaHIYHUMH MOJIEKYJIAMHU, 3 JIOBITUM YacOM
KUTTS B TPUILIETHOMY CTaHIl, OCKUIbKA BOHU € OUIbII €()EeKTUBHI B ceHCUOLTI3aLii
CUHTJIETHOTO KHCHIO B TIMOKCHYHOMY MIKPOOTOUYEHHI MyXJIMHHOI TKaHWHH. Taxi
tputietHi ®C MoxyTh 0OazyBaTucs Ha criH-opOiTaabHOMy TmiepeHoci ISC, ISC

NOCWJIEHOMY paJuKajlaMy Ta 1HIIE.
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Oxpim OynoBu, Ha e(PEKTUBHICTH (HOTOCEHCHOTI3aTOpa TAKOXK BIUIMBAE iX
BHYTPIITHbOKJIITUHHUN PO3MO/1a. 30KpeMa MOMIUEHO, IO IIJILOBE PO3TAIlyBaHHS B
Ji30cOMax Ta MITOXOHJIPISX MPUBOAMTH J0 3pOCTaHHs TepaneBTU4HOi Aii [133, 134].
Ponp miToxoHmpiambHO-HaIIeHOT Tepamii paky y OAT BusBuiaca Ouibld
e¢(eKTUBHOIO, HIK 1HIN NOAIOHI HEHAIIJIeHI METOJW, OCKUIBKH MITOXOHAPIi
BIJITPalOTh KJIIOYOBY POJIb Yy PETYISIIl amonTo3y Ta BHPOOJSAIOTH OUTBIIY YaCTHHY
eHeprii kimituan [133]. MiToxoHIpii MOXKYTh OyTH BHKOPHUCTaHI SK MapKepH paKy
yepe3 11X BHUCOKMH TpaHCMEMOpaHHMM mnoreHuian. Pomnb  MITOXOHApIA Yy
IPOTUITYXJIMHHOMY HIAXOZ1 JOCATaeThCsA LUIIXOM HALUIIOBAHHA HAa iX MeTabodi3M
(rmikomi3z 1 mukin Kpebca), Takoxk Ha amomto3 i romeocrad ROS. Harineni nHa
MITOXOHPIi CEHCUOLTI3aTOpU BIAITPalOTh BUPINIAJIBHY POJIb Yy MOJAOJaHHI (pakTopa
rinokcii, mo 3a0e3neuye BUCOKY TepaneBTUYHY edeKTHBHICTh. Tomy OaraTtbMa
HAyKOBUMH TpylaMu pO3pOOISIOTECS HOBI (POTOCEHCHOLTI3ATOPH 13 CEICKTHUBHICTIO
no mitoxonapid. Tak, 3amina aroma xjopy y IR-780 na qudropun 6opy niaBuirye
dboTOCTIHKICT, OapBHHMKA, MPU3BOJIUTH JIO HAKONMUYCHHS B MITOXOHAPIAX Ta 0
anonTto3y pakoBux KiiTuH [135]. lo crpyktypu @C BBOJATH TaKOX I'yaHiIIHIEB] Yn
OicryaniminieBi [133], TpudenindocdinoBi rpynu [136] Ta iH. s 301IbIIEHHS
JIEJIOKaIi30BaHOTO MO3UTHBHOTO 3apsiAy Ta MIABHUIIECHHS JIMO(1IIFHOCTI CIONYK (pHC.
1.21).

VY po3pobnenux PS Ha ocHoBi IIb 21-26, Me30-110J10)KE€HHS KOH'IOTOBAHO 3
noxigHuM TpudeHindocdoHiro s HAIUTIOBaHHS Ha MITOXOHAPii, N-anKuUIbHUI
OlYyHMI JaHIIOr MOJIU(DIKOBAHUN JIS PETYJIIOBAaHHS 3apsiioBOro OajaHcy Ta
PO3YMHHOCTI, a 1HJO0JICHIHOBI sijpa OpoMoBaH1 JJis nocuiaeHHs renepaitis ROS micns
na3zepHoro onpomiHeHHs. [Ib 21 - 23 miaBuinyoTh €()EKTUBHICTh JIKyBaHHS PaKYy,
3aBJSKH JIMO-KaTIOHHUM BJIACTHBOCTSAMU TpHUBEHUIPOCHOHII0 3 0gHOrO OOKY. 3
apyroro OOKy 3a paXxyHOK YYTJIMBOCTI MITOXOHApiK no ROS, y BiAmoBiae Ha sKy
MITaXxOHJIpli BMHKAIOTh alONTUYHUN NOPOTUNYXJMHHUK npouec. Lli pesynbratu
oJIepIKaHi in vitro Ta in vivo, MO CBIIYATH Npo 3HauHui motenmian [1b 21 — 23 sk PS

st OJIT.



45

+ +

21 R, =Br,Ry= ~~~NMes 24 R = R,= ~~NMe;
22 R, =Br,Ry= ~~-S0:H 25 Rj=H,Ry= ~ 50"
23 R;=Br,R,= ~“cOOH 26 Rj=H,R,= ~">COOH

Puc. 1.21 ByioBa MITOXOH/IpiaJIbHO HallJICHUX OapBHUKIB 21 — 26

B po6oti [137] onucani GapBHuku 27 1 28 Ha OCHOBI MEpOIaHIHY 3

TpudeHinpochoHiIEBOIO TPYIIOIO, KA HalllJIEHa Ha MITOXOH i (puc. 1.22):

Q@
B#\_b

Puc. 1.22 bynosa 6apBHukiB 27 Ta 28

VY BogHOMY po3uMHi 00M/1Ba OAPBHUKHU AEMOHCTPYBAIM BUCOKY UYTJIMBICTH 10
pH cepenoBuia, a TakoXX 3AATHICTH J0 CaMO30IpKHA 3 YTBOPEHHSM HAHOYACTHHOK
po3Mmipom 1,5 uMm, HaiimoBipHimIe J-arperaTiB. Ha 11e Bkazye 6aTOXpoOMHU 3CYB CMyTH
MOTJIMHAHHS, CUJIbHE 3BYKCHHS, 3pOCTaHHS IHTCHCHBHOCTI 1 TPAKTUYHO PE30HAHCHE
CHIBHAJIHHA 31 CMYTow (UIyopecueHLEHIli npu 30UIblIeHH]I KOHIeHTpalli. [Ipu

npoMy IIb 25 mae cunbHIME (QIIyopeclieHTHUM CUTHAI TMpU KOH(OKaIbHOMY
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300pakeHHI KMTHH. TecTw Ha IKUTTE3AATHICTh KIITUH IPOJAEMOHCTPYBAIH
MIJBUIICHUN PIBEHb ITUTOTOKCHUYHOCTI 000X CHOJYK JIJIi PAKOBUX KJIITHH, TOJl SK
HOPMaJIbHI KJIITHHH IAJABAJIUCA iX ITUTOTOKCHYHOMY BIUIMBY JIMIIE TPH BUCOKHUX
KOHIIeHTpaIlisfx. [{e mosSCHIOEThCS TUM, IO PaKOBl KIITHHU MalOTh O1IbII BUCOKHIA
MOTEHITIaJT MITOXOHIpiajibHOI MeMOpaHu. ToMy 30H/H, 110 HAIlJIEH] HAa MITOXOHPII,
HAKOIMUYYIOThHCS O1TBIIIE B PAKOBUX KIIITUHAX, BHACIIIIOK YOT'O BUSIBJISIFOTH CHITHHITITHIA

TOKCUYHUH €(eKT.

1.4 Bnums B3aeMoaii 0apBHMKIB i3 an1b0ymMiHaMu Ha IX poToaMHAMIYHI

BJIACTUBOCTI

Posnoain y kpoBi Ta 3B’si3yBaHHA 3 OUIKaMU IUIa3MH MOXKE BIUIMBATH Ha
dbapMaKkoOKIHETHKY Ta Ha MNPOTUIYXJIWHHY €(EeKTUBHICTH (OTOCEHCHUOITI3aTOPIB Y
KIHIYHIA  QoroauHamiuHiil Tepamii. IlpsMe 3HUIIEHHS KIITUH 3aJIEKUTh BiJ
BUOIPKOBOTO HAKONMUYEHHS JA0CTaTHhOl KuibkocTi ®C B nyxnmHi. Po3moain i
yTpPUMaHHSI CEHCHO1TI3aTopa B MMy XJIMH1 3aJIeKUTh BiJl (D13UKO-XIMIYHUX BJIACTUBOCTEH
®C [138]. Hampuxman, ninodiabHi  (OTOCEHCUOLTI3ATOPU  MOTIUHAIOTHCS
HEOTUIACTUYHUMH KIITHHAMH YaCTKOBO 4Yepe3 PEeIeNTOP-OMOCePEeNKOBAaHUN MUISIX 1
3B'I3YIOTHCSl MEPEBAKHO 3 KIITUHHUMH MeMOpaHamu. Tomy ¢oToakTHBAIlsA IUX
npernapariB MOXe MPU3BECTH JI0 MPSIMOTO 3HMILIEHHS KIiTHH. HaBmaku, rizpodinbHi
ceHcuOUm3aTopu, Taki SK TpH- 1 Terpacyibdatu mopdipuHiB 1 (QramoriaHiHiB,
HEKOBAJICHTHO 3B’A3yIOThCS 3 OUIKaMu I1a3Mu (aJbOyMIH 1 TJIOOYJIIHHM) 1 3rOJI0M
JIOKaJ3YIOThCS B CTPOMI CYJIMH Ta MyXJIMHHUX TKaHUHaX [ 140]. ®doTtoakTuBallis Takux
OC cripuuuHsI€ MOLIKOHKEHHS MIKPOLUUPKYJISITOPHOTO pycia, IPU3BOAUTH 0 CTazy
CyAuH 1 1H(DAPKTY MyXJIMHU (HENpsiME 3HUILCHHS KIITHH). ATbOYMIHH KPOBI MOXKYTh
MOKpAIlyBaTU MAaCUBHY MyXJWHHY CEJIEKTUBHICThH IMpenapary roJIOBHUM YHHOM 32
paxyHok edekty npoHukHeHHs Ta yTtpumaHHs (EIIP). 3nHayna KigbKicTh poOIT
NOB’5I3aHA 13 3/1aTHICTIO OApBHUKIB HEKOBAJIEHTHO 3B’SI3yBaTUCA 13 CUPOBATKOBUMU
anpbOyMiHAMHU, 10 MOXKE OYTH OJHUM 13 3aCO0IB TPAHCHIOPTYBAHHS 1 PO3MOILIY ITHX

Mosiekya in vivo [138-142]. Oxpim TOro, B3aeMoOis OUIBIIOCTI OapBHUKIB 3
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albOyMIHaMHU CHpHsiE pyHHYBaHHIO arperaTiB Ta NIABULLYE 1X (IyOpECIEHIII0, a OTKE
HAJa€ MOXKJIMBICTb BUKOPUCTOBYBAaTH OapBHUKM NpU (PIIyOpeCleHTHO-KepOBaHIi
xipyprii  [139]. Tak, JIOCHDKEHHH KOMIUIEKC JUI[IaHOMETHJICH-3aMIIIEHOr0
CBapWIIIEBOr0 OapBHUKA 3 OMYAYMM CHPOBATKOBUM allbOyMIHOM JUIsi KOMOIHYBaHHS
Bi3yamizaimii Ta Tepamii. YTBOpPEHI HEKOBAJCHTHI KOMIUIEKCH OapBHUK-O1IOK
IPOJEMOHCTPYBAJIM 3HAYHUM LUTOTOKCHUYHUNA €(PEKT MpU ONPOMIHEHHI Ja3epoM Y
MUIICH 3 KCEHOTPAHCIUIAHTOBAaHMMH myxjauHamu [143]. IHmmMm migxomom uist
MOKpPAIICHHS TePaNeBTUYHUX BIACTUBOCTEH € iHKancyJsis [1b 3 MeToro migBuiieHHs
iX ~ TepameBTHMYHOI  aKTUBHOCTI.  J[MIlaHOMETHUJIEHCKBapW/Il€EBHUM  OapBHUK
1HKancynpboBaHu y ¢docdomimiaHl MOABIMHI IIapu JIIOCOM MPOJEMOHCTPYBaB
OoimMmonasibHe 300pakeHHs nyxiauH [144]. I[ligBuiieHe MNOTJIMHAHHS KOH IOraTy
dranouianinoBoro ¢gorocencubimizaropy 3 BSA nmpussena no 3arudem 90% kiitun
Hep-G2 [145]. A BxmouenHss ICG y Be3UKYJApHUM KOJOIAHUN HAHOHOCIH
(Tpanchepcomu) Il YHUKHEHHS MIBHAKOI Jerpajariii Ta MBHIKOTO BHUBIIHLHEHHS
OapBHUKa, miaTpuMmyBajao BuBUIbHeHHs [ICG Oinmbine aBox romuH [146]. Tlomibna
CTpaTerig 3acTocoBaHa 3 BHUKOPUCTAHHAM JrOAChbKoro anbOyminy HSA. Jlus
CTBOPEHHsI OIJTKOBOTO KOMIUJIEKCY criepiry mposeaeHa moaudikaris crpykrypu [CG:
BBEJCHHS >KOPCTKOTO IMKJIOTEKCEHUIy Ta 3amMiHa OIYHMX aJKUIBHUX TPyl Ha
KapOokcwinbHy Ta ediprHy. Jlami oTpumaHi HaHOKOMIUIEKCH 3 66,7% iHKamCymsiii
Oapearka Ta MamuMm giamerpom (10 Hm). Taki kKoMmrekcn e(pEeKTUBHO
HaKOMMYyBaIMCs B myxiuHax 3aBasku edexrty EIIP ta Bukiamkamu rimorepmiro Ta
BHUCOKY T'€HEpalll0 aKTUBHUX (OPM KHCHIO B PAKOBHX KJIITMHAX MPU ONPOMIHEHHI
[147].

HocnipkeHHs: 3MiHU (POTOAMHAMIYHUX BJIACTUBOCTEH XJIOPUHY €6 mpu HOro
inkancymsmii 3 HSA mokaszano, mo NOpUCYTHICTH OiKa CHOpUs€ MPOXOKEHHIO
(bOoTOXIMIYHUX peaKIliid IPU ONPOMIHEHHI CBITJIOM 3a TUIIOM I 1 He BIJIUBA€E CyTTEBO HA
MexaHi3Mm tumy II. ['eHepaiisi CHHITIETHOTO KHCHIO 3ajullaiacs Ha BUCOKOMY pIBHI,
TO/Al K TPUCYTHICTh allbOyMiHYy CIHpHsia 3POCTAHHIO TAaKOXK 1 3HAYHOI KUIBKOCTI

NEPOKCUAHUX paaukatiB [148].
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[Ipote 3B’si3yBaHHS 3 ambOyMiHAMH MOKE€ MaTW 1 HETaTWBHI HACHIIKH JIJIS
dotorokcuunux BrnactuBocteir dC. Tak, npucyTtHicth BSA 3MmeHmnyBana cTymniHb
arperailii Zn-ranoiianiny Ta HOro noxXiJIHUX y BOJIHOMY PO34YHUHI1, IPOTE acoliaris 3
BSA neratusno Brmunyna Ha gorodizuuni BractuBocti @C (puc. 1.23). 3a paxyHOK
00OMEXKEHOTO JOCTYNy KHCHIO Kpi3b OIIKOBY OOOJIOHKY CIOCTEpIrajocss TaciHHS
TpuruieTHUX ctaHiB PC. lle npu3BoaMiIO 10 3MEHLIEHHS T'eHepalli CHHIJIETHOrO

KHCHIO Ta 3HWKEHHS (poToaruHaMigHO1 akTuBHOCTI [149,150].

iy

Wiability, %

o B8 3
e
-3

Puc. 1.23 3MeHIIeHHS TUTOTOKCUYHOCTI Zn-(TaolianinyB npucyTHocTi BSA

Kutrs TpurmietHux 30y[KEHUX CTaHIB  (TajoIiaHIHIB  aIOMIHIIO B
npucytHocTi HSA 3anmexano Bim KuibkocTi cyibdorpyn B wmosekyni DC.
HucynedoBane moxigHe TPOAESMOHCTPYBAJIIO B JBa pa3d OUIBIINN dYac JKHUTTS
TPUILJIETIB B IPUCYTHOCTI aJIbOYMiHY, HIK Y BUIBHOMY cTaHi. TO1 SIK JIJI1 MOHO-, TPH-
Ta TeTpacyiab()OBaHUX CHOJYK TakKhil €(EeKT HE CIOoCTepiraBcsi. ABTOPU MOSCHIOIOTH
30UTBIIIEHHS TPUBAJIOCTI JKUTTS TPHUIUIETHOTO CTaHy 3JaTHICTIO albOyMiHYy
3a0e3mnedyBaTy MEBHUM 3aXUCT BiJl BOAHOI (ha3u Ta 3aJIeKHOCT1 KOHCTAHT 3B’ SI3yBaHHS
3 anpOyMiHOM Bij XiMiuHOI Oy0BH MoJiekyn ®C, 30kpema, BiJl MOJ0KEHHS CYTb(o-
rpyn  [151]. Takox, mMO3WTHBHWI 1 HEraTUBHUN BIUIMB OIOKOH fOTaIii Ha
(OTOTOKCHUYHICTh MPOAEMOHCTPOBAHO MPHU JOCIIIIKEHH] POTOIMHAMIYHOT aKTUBHOCTI
¢ranomianiniB kpemHito [152]. [Ipu HekoBaneHTHOMY 3B’s3yBaHHI 3 BSA BusiBneHo,
0 (HOTOIMTOTOKCUYHICTh 3pocTana y 8 pasiB st @C 3 He3apsKEeHUMH TPYyIaMH,
ToAdl sik TerpokarionHuit ®C arperyBaB B OUIKOBIM KHUIIEHI 1 HOr0 IUTOTOKCUYHICTh

OyJa HAtMEHIIO cepell AOCTIHKYBAHUX CITOJIYK.
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OT:xe, BpaxOBYIOUM BUILEHABEACHI JITEPATypHI AaHl, HOTPIOHO BIAMITUTH, 11O
IIPU TOCHIIKEHHI (DITyOpecleHTHUX 30H/1B OCHOBHA yBara 30Cepe/PKeHa Ha MOHHHMX
OapBHMKaxX, HailuyacTimie KaTioHHOro tumy. JlilicHO, Taki OapBHMKM MarOTh PNl
nepeBar, a came: BHUCOKI MOJSIpHI KOe(DIMIEHTH EKCTUHKIIT 1 KBAaHTOBI BHXOJH
dbayopecueHliii, 31aTHICTh CEJIEKTUBHO HAKOMUYYBAaTHUCI Y MITOXOHApPIAX. Aue
3JIaTHICTh IO CEJIEKTHUBHOIO HAKOIMYEHHS KaTIOHHUX OapBHUKIB B MITOXOHJIpISX HE
Jla€ 3MOT'Y CKOHCTPYIOBATHM KOH IOTaTH JUIsl aJpEecHOl JOCTaBKU HOTPIOHMX HaM
MOJIEKYJl B TI€BHI KOMIApTaMEHTH KIITUHU. JIOBroxBUIBOBI (IIyOpecLeHTHI
OApBHMKH, 1110 HE MICTATH 3apsAly UM 3apsi/i € CKOMIIEHCOBAHUM BCEPEIMHI MOJIEKYJIH,
PO3IIKUPIOIOTH MPAKTUYHI MOXKJIMBOCTI IS (PIIyOpecIieHTHOI Bizyaizaiii KJIITUH Ta
nu3aiiny ajgpecHux (iyopeciieHTHUX KoH’toraTiB. J[o Takux OapBHHKIB BiHOCSTH
MOJIIMETMHOBI MEPOIIIaHIHOBI Ta CKBapaiHOB1 OapBHHUKHU. B nitepaTypHux pkepenax
ocoOJiMBa yBara 3ocepepkeHa Ha JOCHIKCHHI OapBHHKIB 13 ME30-HE3aMIIEHHUM
MOJIIMETUHOBHUM JIQHITIOTOM, IO 37aTHUW JI0 HETAaTUBHOTO €(EeKTy i130MepH3allii.
[TpakTyHO HE B1100paKEHNH BIUIMB ME30-3aMICHUKIB y TTOJIIMETHHOBOMY JIAHI[I031 HA
B3a€MO/IIO 13 CUPOBATKOBUMHM aJlbOyMIHAMH Ta KJIITHHHY MPOHUKHICTB. OKpIM TOTO,
yBara JIOCJIiIHUKIB IPUKYTa 0 BUBUCHHS MEPOIIIaHIHIB 3 TOX1THUMHU 0apOITypOBOi Ta
T100apOITYpOBOi KHCIIOTH, 1HIAIOHY, MIpa3oJiiHAIOHy, TpuliaHodypany. [Ipore
BIJIOMO, IO TaKl CIIOJIYKH MOXYTh YTBOPIOBATH BOJHEBI 3B’SI3KH, K1 BIUIMBAIOTh HA
KIHIICBUH  pe3yJbTaT TpH BUBYEHHI Oiopo3moairy. Tomi sk moximHi 3
MaJIOHOJAUHITPWIBHUM (DParMEHTOM 3TaJylOThCs JIUIIE NMPU BUBUCHHI aMIJIOTTHUX
arperatiB. Buxo/isuu 3 BUllleCKa3aHOT O, BBEJICHHS] ME30-3aMICHHUKIB B TIOJIIMETUHOBUIA
JAHIIOT MOXKE TMOKpAIUTH (POTOCTIMKICTh HOBHUX MEPOIliaHIHOBUX OapBHUKIB,
BIUIMHYTH HA iX B3a€MO/IIIO 13 OLIKaMU Ta Ha MPOHUKHICTh Y KJIITUHH.

IcHye Benmka KITbKICTh POOIT 13 TOCTIHKEHHSM PI3HOMaHITHUX 3a CTPYKTYPOIO
CKBapaiHiB, MPOTE JOTIUHUX CEpii, sKi O pO3TsAaaiu BILIMB 3apsay 3aMiCHUKIB IIPH
rerepoaroMi YM JOBKHHH OIYHOTO alKUIBHOTO paJuKally Ha 3B’sA3yBaHHA 13
rnoOynsapHUMU  OimkamMu  MajouucieHi. OKpiM  TOro, po3TJISJIal0dd  3/IaTHICTh
CKBapaiHiB JO TeHepalli CHUHIVIETHOIO KHCHIO, YHUCJIEHHI HAyKOBlI TpyIHu

30CCPCIKYIOTBCA Ha IMOCUJICHH] BINIMBY BaXXKOro aromMa 3a pPaxyHOK BBCICHHA
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raJIoTeHIB, CIpKM YU CEJIeHY B CTPYKTypy ¢iayopodopy. B Toii xe vac, ayxxe maio

JIOCJTIKeHb, SIK1 BUBUAIOTh BIUIMB arperaiiii Ha TeHeparlito akTUBHUX (GOpPM KHUCHIO.
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PO3JILIT 2

MATEPIAJIA I METOU

2.1 Marepianu

Y pobGori BukopucTaHi: Ouyauuii cupoBatkoBui anpOymin (BSA),
cupoBatkoBuil anbOymin moaunu (HSA), kiHchkuil cupoBaTkoBuid anbOyMiH (ESA),
seqnauit dizonuM (LYS), 6eta nakrormodbymnin (BLG), kypsuuit oBansoymia (OVA),
JAMCO (mumeTuncynbPoKCuI) BITYM3HSIHOTO BUPOOHUIITBA, TRIS
(Tpuc(rimpoxcuMerni)aminomMeTal) BupoOHuInTBa «Sigma-Aldrichy (CIIA), DPBF
(1,3-mudeninizobenzodypan) Sigma-Aldrich (CILIA). CkBapainoBi 6apBauku 4.4 —
4.7, 3.0 6ynu mo6’si300 Hagaui JILEO. Cnomincekum ta O.0. Imenkom, [HcTuTyT

opraniunoi ximii HAHY. UucrtoTa BCix JOCHiIKyBaHUX CHOJIYK ckiagana > 95%.

2.2 CuHre3 0apBHMKIB

Comi imiHi0 a, b 1 ¢ Oynu oTpuMaHi 3a BIJOMHUMH PEAKIISIMA 3 PEaKTHBOM
Binbcmaiiepa [146,147] (Cxema 4.1). IIpomixkui npoayktu (3.2a, 3.3a, 3.1c, 3.4b,
3.5b) oTpumaHi 3 BUKOpPUCTAHHSIM KOHJEHcalli coyeil OeHzoriazonito abo 4,5-
JTUTIAPOTIAI30/11I0 Ta COJICH 1IMIHIFO B MIPUCYTHOCTI alleTaTy HaTpito SK OCHOBH. Jlo
cymimii 1,2 MMOJIb BIIOBITHUX CoJiel iMiHitO a-c 1 1,0 MMoJib coseil 0eH30T1a30J1110
ab6o 4,5-murigpotiazonito 'y 5 mu cyxoro EtOH momaBamm 0,2 T (2,5 MMOIb)
cBikoposmiaBieHoro NaOAc opniero mopiiero. Ilicist mpoayBaHHS aproHOM
peakiiiiny nocyauny 3akpupaiu 1 Harpisasiu npu 80°C npotsirom 3 roauH. Po3unHHuk
BUIAPIOBAIIN, & 3aJIUIIOK, IO 3aJUIIUBCS, 00poossin 5% Bognum po3zurnHom HCI (5

mi1). OTpuMaHny TBEpJly peHOBUHY BIAPIIBTPYBAIU Ta CYIIMIN Y BakyyMi ripu 60°C.
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HocnimxyBani meporiianinoBl (3.1 -3.5) OapBHUKM CHHTE30BaHO MIISXOM
B3a€EMOJIIT 1HTEpMEIIaTiB 3 MaJOHOJIUHITPUIOM B €TaHOJ B MPUCYTHOCTI alerary
Hatpito. o cymimi 1 MMoOdb BIANOBIIHUX MNPOMDKHUX HOPOAYKTIB 1 1,2 mMMoIib
MajoHoauHITpIIy B 5 M cyxoro EtOH nogaBanu 2,0 MMOJIb CBIKEPO3ILIABICHOTO
NaOAc opniero mopiiero. Ilicas mnpojyBaHHS aproHOM peakiliiiHy MOCYIUHY
3akpuBan 1 Harpiaiau rnpu 80°C npotarom 3 roauH. PO3UunHHHUK BUNIApIOBajM, a 0cas,
10 3aIUIIUBCS, 00po0sm 5% BogauM pozunHom HCI (5 mir). Otpumany pedoBUHY
BiipubTpOoBYBanKu Ta cymmwian y Bakyymi npu 60°C. Ilpogyktu Oynu oudMILEHI
METOJIOM IpernapaTuBHOI ToOHKomapoBoi xpomatorpadii (TLIX) 3 pyxomoro dazoro
CH>Cl>-CH50H (9:1).

CrpykTyp oTpuMaHux OapBHMKiB Oymu migreepmxeni 'H SIMP, 3C SIMP Ta
MacCCIEKTPOMETPi€r0 BUCOKOT po3auibHOoi 3aatHOCTI (HRMS). Uncrora cronyk Oyna
MIITBEP/PKEHA METOJIOM BHCOKOS(EKTHUBHOI PIIMHHOI Xpomarorpadii 3 Mmac-
npuctaBkoro (LCMS) i ctanoBumna 92-99 %

Bapsuuk (3.1) HRMS m/z: calc for C2sHa4CIN3O2S* 465,9958 obsd 465,1261; 'H SIMP
(400 MHz, DMSO-d¢): 6 1.36-1,44 (m, 2H); 1,51-1,59 (m, 2H); 1,67-1,80 (m, 4H);
2,20 (t, J1=7,09Hz, 2H); 7,54 — 7,59 (m, 2H); 2,75-2,79 (m, 2H); 4,32 (t, J =7,34Hz,
2H); 6,24 (d, J1=13,21, 1H); 7,32 (t, J1=7,58Hz, 1H); 7,49 (t, J1=7,09Hz, 1H); 7,59 (s,
1H); 7,60-7,63 (m, 1H); 7,68 (d, J1=12,72Hz, 1H); 7,87 (d, J1=7,83Hz, 1H); 11,91 (bs,
1H). *C SIMP (100 MHz, DMSO-d¢) & 24,57; 25,92, 26,37, 27,09; 27,22; 33,93, 45,92;
61,78; 97,23; 113,31; 118,14 (CN); 119,79 (CN); 121,14; 122,28; 123,28; 125,05;
128,37; 130,03; 133,95; 141,25; 142,06; 146,53; 148,69; 162,52; 174,96.

Bapsuuk (3.2) HRMS m/z: calc for C27H20N30,S™ 459,6042 obsd 459,1960; 'H SIMP
(400 MHz, CDCls) ¢ 1,32-1,34 (m, 2H); 1,50-1,64 (m, 4H); 1,75-1,83 (m, 2H), 2,31-
2,34 (m, 4H); 2,70-2,85 (m, 2H); 2,94-2,97 (m, 2H); 3,25-3,29 (m, 2H); 3,65-369 (m,
2H); 5,30 (d, J1=12.08Hz, 1H); 6,12 (d, J1=11,72Hz, 1H); 6,74 (s, 1H); 6,95-7,05 (m,
2H); 7,30-7,4 (m, 3H); 10,70 (b.s., 1H). C AMP (100 MHz, CDCl;) & 21,59; 24,32;
25,39; 26,11; 26.41; 26,56; 27,25; 29.78; 33.60; 47.92; 56,11; 67.32; 92.08; 116,87
(CN); 118,39(CN); 127,07; 127,41, 128,06; 130,33; 137,69; 144,30; 156,30; 160,13;
160,19; 178,42.
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Baperuk (3.3) HRMS m/z: calc for C31H20N30,S* 507,647 obsd 507,1966; 'H SIMP
(601 MHz, CDCl3) 6 1.40 — 1.54 (m, 2H), 1.74 (dp, JI = 26.4, J2 = 7.5 Hz, 4H), 1.91
(p,J=6.3Hz,2H), 2.39 (t, /J=7.3 Hz, 2H), 2.48 (s, 2H), 2.87 (d, /= 9.3 Hz, 2H), 3.85
(t,J=7.6 Hz, 2H), 5.59 (d, /= 12.3 Hz, 1H), 6.21 (d, /= 12.2 Hz, 1H), 6.83 (s, 1H),
6.89 (d,J=8.2 Hz, 1H), 7.01 (td,J="7.6,0.9 Hz, 1H), 7.07 — 7.12 (m, 2H), 7.20 - 7.29
(m, 3H), 7.38 — 7.47 (m, 3H). *C SIMP (100 MHz, CDCls) & 21,46; 24,25; 25,39;
26,05; 26,31; 26,41; 33,34; 44,95; 62,87; 91,45; 109,75; 116,56 (CN); 118,08 (CN);
121,76; 122,71; 124,63; 126,85; 127,64; 128,07; 128,31; 128,53; 130,35; 137,44;
140,47; 142,00; 155,77; 156,21; 159,17; 177,63.

Bapsuuk (3.4) HRMS m/z: calc for C3:H3:N40,S™ 536,6882 obsd 536,2236; 'H SIMP
(601 MHz, CDCI3) 6 1.32 — 1.40 (m, 2H), 1.60 (p, J = 7.6 Hz, 2H), 1.62 — 1.69 (m,
2H), 2.37 (t,J=7.3 Hz, 2H), 2.62 — 2.67 (m, 2H), 3.01 (t, /= 7.0 Hz, 2H), 3.03 - 3.09
(m, 2H), 3.26 (t, J = 7.4 Hz, 2H), 3.67 (t, J = 7.0 Hz, 2H), 5.04 (d, J = 12.1 Hz, 1H),
6.35 (dt,J=12.1, 2.0 Hz, 1H), 7.00 — 7.07 (m, 7H), 7.21 — 7.27 (m, 5H).

BC SMP (100 MHz, CDCI3) 8 21,18; 26,25; 26,27; 26,47, 26,85; 27,22; 33,40, 47,76;
65,80; 92,41; 117,00 (CN); 118,13 (CN); 122,47; 123,53; 128,86; 129,45; 130,55;
134,88; 147,44; 147,59; 158,44; 163,42; 178,13.

Bapsuuk (3.5) HRMS m/z: calc for C3sH32N40.S* 584,731 obsd 584,2248; 'H SIMP
(400 MHz, CDCls) 6 1,32-1,35 (m, 2H), 1,51-1,63 (m, 4H); 2,18 (t, J1=7,32Hz, 2H);
2,72-2,81 (m, 2H); 2,91-3,00 (m, 2H); 4,05 (t, J1=7,14Hz, 2H); 5,68 (d, J1=12,45Hz,
1H); 6,51 (d, J1=12,45Hz, 1H); 6,84 (s, 1H); 7,04-7,13 (m,7H); 7,29-7,37 (m, 6H);
7,62 (d, J1=7,32Hz, 1H); 12,06 (bs, 1H). 3C SIMP (100 MHz, DMSO-ds) & 24,12;
25,54; 26,15; 26,19; 26,31; 33,50; 44,69; 60,10; 94,38; 111,59; 117,55 (CN); 118,81
(CN); 122,07; 123,29; 123,51; 123,92; 127,36, 127,99; 129,57; 129,66; 131,01;
133,24; 141,76; 144,39; 147,05; 156,72; 174,35.

s cuaTe3y O6apBHUKa 4.2 cyMimn 4yeTBepTuHHOI coii 2 0,996 1 (2,1 Mmoub) 1
kBajpatHoi kucaoT 0,117 r (1 Mmob) kum’ sTunu B 12 Mt cymini H-OyTaHO/TOTy 0T
(2:1 o0’em/06’eM) 3a momomororo amapary Jlina—Crapka. PeakmiiiHuii po3uuH
OXOJIO/DKYBAJIM 10 KIMHATHOI TeMIlepaTypu 1 noTiM ¢uibTpyBasin. OTpuMaHuil ocan

npomuBasin EtOAc 1 nepexkpuctanizoByBaiu 3 II1C, miciist 4oro cymuiv y BaKyyMHIM
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neudi pu 60 °C. Crpykrypy orpumanoro GapsHuka migreepkeno 'H SIMP ta C
SIMP: 'H SIMP (601 MHz, DMSO-d6) § 7.55 —7.52 (m, 2H), 7.47 — 7.44 (m, 2H), 7.38
(td, J=7.8, 1.2 Hz, 2H), 7.19 (td, J = 7.4, 0.9 Hz, 2H), 5.86 (s, 2H), 3.41 — 3.36 (m,
4H), 3.26 (q, J = 7.2 Hz, 12H), 2.02 (p, J = 7.7 Hz, 4H), 1.69 (s, 12H), 1.19 (t, ] =7.2
Hz, 22H). 3C SIMP (151 MHz, DMSO) & 180.52, 179.79, 168.99, 141.94, 141.28,
128.04, 123.90, 122.39, 110.25, 86.30, 53.06, 52.27, 48.82, 26.55, 19.21, 7.22, 7.15.

s oneprxanns 6apsHuka 4.1 cymim coni 3 (3,26 15 9,2 MMoIb) 1 CKBapaiHOBO1
kucyiotu (0,5 1; 4,4 MmMouib) Kutt’ ITHui B 30 M1 cyMitin H-0yTaHos/Tonyodn (2:1 06./06.)
3a pomnomoroto amapary [ina-Crapka. PeakiiiHuii po34uMH OXOJOIKYBaJIUd J10
KIMHATHOI TeMIlepaTypd 1 MOTIM BHUIAPIOBAIM, 10 OTPUMAHOTO CHPOTO MPOIYKTY
nonasanin 50 mn EtOAc 1 tBepay pedoBuHy ¢uibTpyBaiu. OTpUMaHUN MOPOIIOK
MEPEKPUCTAIIZ0BYBAIM 3 €TAHOTY 1 CYIIIH y BakyyMmHii niedi mpu 60°C. CTpyKkTypy
oTpuMaHoro 6apsHuka miaresepmkeno 'H SIMP rta *C SIMP: 'H SIMP (601 MHz,
DMSO-d6) ¢ 7.52 — 7.48 (m, 2H), 7.35 — 7.28 (m, 4H), 7.15 (td, J = 7.2, 1.2 Hz, 2H),
5.78 (s, 2H), 4.07 (s, 4H), 3.95 (t, J = 6.6 Hz, 4H), 2.27 (t, ] = 7.2 Hz, 4H), 1.71 (t, ] =
7.8 Hz, 4H), 1.67 (s, 12H), 1.57 (p, J = 7.3 Hz, 4H), 1.51 — 1.45 (m, 4H), 1.37 (tt,J =
9.6, 6.3 Hz, 4H), 1.30 — 1.22 (m, 4H), 0.84 (t, ] = 7.4 Hz, 6H). 13C SIMP (151 MHz,
DMSO) ¢ 180.54, 178.76, 172.73, 168.95, 142.22, 141.37, 127.91, 123.60, 122.20,
110.26, 86.03, 63.36, 48.66, 42.77, 33.27, 30.12, 26.49, 26.25, 25.65, 24.20, 18.57,
13.50.

st cuntesy Oapsauka 4.3 0,5 r (0,68 mmons) 4.1 kun’stunu B 10 M 10 M
BogHOTO po3urHy HCI npotsarom 2 roaus. Iicns Toro sk THIX nmoka3zana 3aBepiiieHHs
peakiili, peakiiHui PO3YMH OXOJOKYBAIM JI0 KIMHATHOI TEMIIEpaTypd 1 MOTIM
¢bipTpyBanu. OTpuMannii 6apBHuk 4.3 OyB BUCylIeHH y BakyyMHii mwadi mpu 60°C.
CTpyKTypy OTpuMaHoro 6apsauka miarsepmkeno 'H SIMP ta *C SIMP: 'H SIMP (601
MHz, DMSO-d6) ¢ 12.01 (s, 2H), 7.51 (d, J = 7.3 Hz, 2H), 7.43 — 7.22 (m, 4H), 7.22
—7.05 (m, 2H), 4.06 (s, 4H), 2.20 (t, J = 7.2 Hz, 4H), 1.71 (q, J = 7.6 Hz, 4H), 1.67 (s,
12H), 1.55 (p, J=7.4 Hz, 4H), 1.39 (qd, J = 9.8, 9.1, 6.1 Hz, 4H). '*C IMP (151 MHz,
DMSO) o 180.62, 178.55, 174.29, 168.65, 142.21, 141.41, 127.95, 123.63, 122.22,
110.28, 86.00, 55.53, 48.67, 42.83, 33.47, 26.49, 25.83, 24.16, 23.41.
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CunTte3 KoH '1oraty 6apBHUKa 3.4 13 IIIOKO3aMiHOM MPOBOAMIIN 32 HACTYITHOIO
METOUKO: 710 po3unHy 25 Mr (0,04 mmo:n) 6apBHuka 3.4 B 2 mut JIM®DA nonapanu
15 mr (0,2 mmonb) rigpokcudenzotpuaszony (HOBT), 20 mr (0,2 mmoiib) mmoisis EDCI
10,03 M (0,2 MMOJIB) TpUMETUIIAMIHY TIPH IHTEHCUBHOMY TiepeminryBanHi. Yepes 15
XBWJIMH J0JaBajau BogHui po3unH 24 mr (0,1 mmouib) rigpoxinopuay D-rirokozaminy
30,03 mi (0,2 MMOJIB) TPUMETHIIAMIHY Ta PEAKLINHHY CYMILI IEPEMILIYBAIN IPOTATOM
Houi. [licna BumapoByBaHHS TpoayKT oummanu npenapatusHor THIX 3 CH2Cls-
CH30H (9:1) sx pyxomoro da3zoro. Onepxkanuii kon’toraT 3.4-GleN ounienuii 3a
ponomororo IITHIX, crpykrypa Oyna miarBepmxkeHa 3a gonomoror 'H SIMP, 13C
criexrpockomii Ta LCMS. 'H SIMP (400 MHz, DMSO-D6) d ppm 1.50 (m, 4H), 2.11
(m, 2H), 2.67 (m, 2H), 2.92 (m, 2H), 3.17 (m, 2H) 3.2 (s, 1 H) 3.41-3.64 (m, 6 H), 3.88
(t, J=7.3 Hz, 2H), 4.39-4.54 (d, 2H), 4.56-4.82 (m, 2H), 4.88-4.93 (m, 2H), 5.40 (d,
J=12.2 Hz, 1H), 6.38-6.52 (m, 1H), 6.57 (d, J/=12.7 Hz, 1H) 6.69 (s, 1H), 6.97-7.07
(m, 6H), 7.27-7.34 (m, 4H), 7.54-7.68 (m, 1H, CONH). 1*C SIMP (101 MHz, DMSO-
d6) 6 (172.47, 172.11, CONH potamepu) 163.92, 163.41, 147.03, 142.83, 138.30,
129.56, 128.47, 126.56, 123.24, 121.82, (119.57, 118.25 CN potamepu), 116.69,
(95.57, 94.85 poramepn), 90.60, (76.76, 74.34 poramepn), 72.03, 71.20, (70.89, 70.45
poramepu), 61.15 CH20H, (57.09, 56.75 poramepn), 56.50, 54.19,47.61, (35.40, 34.93
poramepn), 26.79, 26.17, 26.09, 25.91, 25.74, 25.64, 24.80. LCMS R¢ — 0.954 mun.
m/z =698 [M+1]

Mertoauka cuntesy (4.3-GleN): 1o po3zuuny 50 mr (0,08 Mmonw) 6apBHuKa 4.3
B 3 mu1 JIM®A nonasanu 27 mr (0,2 Mmoinb) rigpokcudensorpuaszony (HOBT), 38 mr
(0,2 mmonp) mmoisib EDCI 1 0,03 mut (0,2 MMOJIb) TpUMETHIIAMIHY NPU IHTEHCUBHOMY
nepemimryBandi. Yepe3 15 xBuiuH ponaBanu BogHuil po3uuH 42 mr (0,2 MMOJIBb)
rigpoxnopuny D-rimroko3zaminy 3 0,03 M (0,2 MMOIb) TpUMETHIIAMIHY Ta pEaKIIiHY
CyMilll mepeMilyBail mpoTsiroM Hodi. [licis BUmapoByBaHHS MPOAYKT OYHUIIAIIA
npenapatuBHoro TIHIX 3 CH2Cl.-CH30H (9:1) sk pyxomoro ¢azoro. CTpyKTypy
oTpuMaHoro 6apsHuka migrsepmkeno 'H SIMP ta *C SMP: 'H SIMP (400 MHz,
DMSO-d6) 6 7.77 — 7.48 (m, 4H), 7.38 — 7.31 (m, 4H), 7.20 — 7.13 (m, 2H), 6.44 (s,
1H), 5.79 (s, 2H), 4.93 (d, J = 3.4 Hz, 3H), 4.65 (s, 1H), 4.45 (d, J = 8.4 Hz, 2H), 4.05



56

(s, 4H), 3.70 — 3.41 (m, 8H), 3.11 (dd, J = 19.5, 10.3 Hz, 3H), 2.18 — 2.05 (m, 4H),
1.68 (s, 12H), 1.60 — 1.52 (m, 4H), 1.40 (d, J = 6.7 Hz, 4H). '*C SIMP (101 MHz,
DMSO) § 180.70, 178.29, 172.43, 172.12, 169.05, 142.16, 141.44, 127.98, 123.65,
122.19, 110.31, 90.59, 85.95, 72.02, 71.17, 70.47, 61.16, 54.28, 48.68, 42.93, 40.43,
35.39, 35.00, 26.50, 25.85, 25.00. LCMS R¢— 0.723 Mun. m/z = 927 [M+1]

2.3 CunexkrpaabHo-(¢JiyopecueHTHI BUMipIOBAHHS

CTOKOB1 PO34YMHU OAPBHUKIB TOTYBAJIM HUISIXOM PO3YMHEHHSIM BIAMOBIIHUX
HaBakok y JIMCO i3 mocsrHeHHSM KoHIeHTparii 2 MM. CTOKOBI po34MHU OUIKIB
(HSA, BSA, ESA, BLG, LYS ta OVA) rorysanu pozunHeHHsim y 50 MM Tpuc-HCI
oydepi (pH 7,9) y xonmentpamii 0,2 mr/mi. MonspHa KOHIIGHTpalii Oijgka y
BUX1HOMY po3urHi nopiBHIoBana 3 uM mnsa BSA, HSA ta ESA ta 4,5 uM nna OVA,
BLGtaLYS.

Po6oui po3unHM 6apBHUKIB TOTYBAIH IIJISIXOM PO3BEICHHS CTOKOBUX PO3UHHIB
B 50 MM 6ydepi Tpuc-HCIl (pH 7,9) ta opraniynux po3uumHHUKaX. Po3umHu ycix
6apBuukiB y JIMCO Ta metanoumi migunHsiucs 3akony Jlambepra — bepa B iHTepBai
koHueHTpariii 1 — 100 uM. Lle o3Hayae, 1110 BOHU B HUX 3HAXOUJINCS Y HearperoBaHin
MOHOMepHIA (opmi. Poboul po3urHM OapBHUKIB y HPHUCYTHOCTI OLIKIB TOTYBaJIX
IUIIXOM JIOJIJaBaHHS OCHOBHOTO PO3YHMHY OapBHUKA JI0 OCHOBHOTO PO3YMHY OiJKa.
Konuentpais ¢payopodopis B podouux pozunHax cranoBuia Big S 1o 10 uM.

AOcop06iiiiHa Ta (uyopecieHTHa CIEKTPOCKOIIl BUKOPUCTAHI JJisi BUBUCHHS
CHEKTPaIbHO-(PIIyOPECIIEHTHUX BIACTUBOCTEH CHHTE30BAaHMX OapBHUKIB Ta IXHIX
KOMIUJIEKCIB 13 OlIKaMu. YcCi CHEKTPOCKOMIYHI BHMIPIOBAHHS BUKOHYBAJIUCH MpPHU
KIMHATHIN TeMIneparypi, oJipa3y X MiCJisg MPUTOTYBaHHS PO3YMHIB OAPBHUKIB Ta TXHIX
KOMILJIEKCIB 13 MAKPOMOJICKYJIAMHU.

EnexTpoHHI CHEKTpHU MOIVIMHAHHS peecTpyBaiv Ha npuiaal «Specord M-40»
(CarlZeiss, Himeuunna), sxkuii mae nBi audpakimiitai rpatku no 1302 mrpux/mm.

CrnekTpanbHuid Aiana3zoH npunagy ctaHoBuB 185-900 M. Cnektpu dayopecueHiii
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Oynu 3amucani 3a gomnomororo ¢ayopumerpa «Cary Eclipse» (Varian, ABctpis).
Bumipu npoBoamiu B kBapiieBbix KoBeTax (10x10 Mm) npu KIMHATHI#M TemIiepaTtypi.

3HauYeHHsI KBAaHTOBUX BUXOJIB OAPBHUKIB y BUIBHOMY CTaHl Ta B IPUCYTHOCTI
CHUPOBATKOBUX albOyMIHIB BH3HAYaJIM 3 BUKOPUCTAHHSIM PO3UYHUHY HIIBCHKOTO
cunboro Nile Blue (NB) B eranoui six erasion (Qns = 0,27). A came, po3UrHH KOKHOTO
OapBHuka 0Oe3 BMmicTy OunkiB y Oydepi tTa NB B EtOH Oynu B3sTi B Takux
KOHIIEHTpAIlisfX, 100 3HAYeHHS 1X ONTHUYHOI T'YCTUHU OyJU PIBHUMH TPU TEBHIN
JTOBXHMHI XBWII nornuHaHHsg. DiyopecueHniro 000X po3uuHiB 30y/UKyBaJId Ha L
JOBXHHI XBWJII, 1 PO3PaxOBYBaJW IUIOLLY IM1J KOXHUM CIEKTPOM (Seapemmk 1 SNB
BIJIMOBIAHO). 3HAUYCHHS KBAHTOBOTO BHUXOIY (uryopeciieHIii OyJio po3paxoBaHO 3a

HAaCTyITHUM piBHﬂHHHMI

Qdye =

A€ NH20 Ta NEOH — IHOKASHUKW 3aJIOMIJICHHSA BOAHOI'O PO3YHMHY Ta CTAHOJY

Sdye % nH20
SNB nEtOH

X QNB (1)
BIiJITTOBITHO.

®DOoTOCTIMKICT, OapBHHKIB BHBYalacs MPU OMPOMIHEHHI iX €TaHOJIBHUX
pPO3YMHIB I1HTErPAJILHUM CBITJIOM KCEHOHOBOI JaMIM, IO Mae Oe3nepepBHE
CIICKTPAJIbHE PO3MOJUICHHS BHUIIPOMIHIOBaHHA B Y® Ta BHIUMIN 001aCTsX,
iHTEHCUBHICTL B 30HI ONpOMiHEHHs Cckiaanana npubmusno 50 mBr/cm?. Peecrpais
BIJI0yBaacs 3a 3MIHOKO ONTUYOI TYCTUHU B MAKCUMYMI IOTJIMHAHHS OapBHHUKA.

BusHayeHHST ~ CHHTJIETHOTO  KHUCHIO  MPOBOJMIM 3  BUKOPHUCTAHHSIM
CBIKOBUTOTOBJIEHOTO CTOKOBOTO po3uuHy 1,3-nudeninizodenzodypany (DPBF)
(5MM) B eranoumi. Bumipu Oynu npoBeseHi B cyminni etaHon-0ydepuunii po3uns (1:1),
KOHIICHTpAIlisl yCiX OapBHUKIB OyJia OJTHAKOBA 1 Y BUMIPIOBAIbHOMY PO34YHHI CKJIa1aja
5 uM, xonuentpauis DPBF cknamana 50 uM. CnekTtp moriauHaHHS po34uHy OyB
3aIMCaHuUi TMiCIIs KOXKHOro onpoMineHHs jgazepoM 670 um (180 MB1/cm?) uepes piBHi

IHTEpBAJIM Yacy MpHU MOCTIHHOMY MepEMILITyBaHHI B TEMPSBI.

2.4 Bu3Ha4yeHHS KOHCTAHTH 3B'sI3yBaHHsA (Ppayopodopis i3 anb0ymMiHaMu
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Koncranty 3B’s3yBanHs ¢uyopodopiB 13 OinkamMu OILIHIOBAIM Ha MiACTaBi
EKCIIEPUMEHTAILHUX BUMIPIOBaHb B 3aJIEKHOCTI 1HTEHCUBHOCTI (iryopecrieHiii
CHOJIYK IIPH CTajlii KoHIEeHTpauii 5 uM Bix koHueHTpauii 6uikiB B Oydepi (pH 7,9).
J171st KO’)KHOTO OapBHUKA €KCIIEPUMEHT OYyJIO MPOBEICHO TPUY1 Ta BUPaXyBaHE CePEIHE
3HAUEHHS 1HTEHCUBHOCTI (piryopeclieHIii, siKke BUKOPUCTOBYBAJIM B MOJAIBIINX
po3paxyHkax. I[lpumyckatouu, 10 KOHCTaHTa PIBHOBard 3B’sS3yBaHHS Ma€ OJHAKOBE

3HAYCHHS JIJISl YCI1X CalTIB 3B’ SI3yBaHHSI, 3aITUCYEMO BUPA3:

CpL
K = 2
(CL—CpL)(nCp—CpyL) (2)

7€ n - KUTbKICTh caiiTiB 3B s3yBanHsa B HSA, Cp;, Cp, C; — KOHIIEHTpAIIIT 3B’ A3aHUX
Mosiekyn OapBHuka 3 HSA, xonuentpamiss HSA Ta koHmeHtpaiiis OapBHUKA,
BIJIMOBIAHO.

Po3B’s13ytoun kBagpaTHe piBHAHHS (2) OTpUMYEMO BUpPA3 AJI KOHIIEHTpAIliil 3B’ I3aHUX

MOJIEKYJT OapBHUKA!

2
ncp C 1 nc C 1

CBL=—+—L+——\/(TP+7L+§) —nCpC, (3)
[Ipumyckaroun 110 iIHTEHCHUBHICTh (PuryopeciieHIlii 6apBHUKA MPOIOPIiHHA KIJTBKOCTI
3B’SI3aHUX MOJIEKYJl OapBHHKA, €KCIIEPUMEHTAJbHY IHTEHCUBHICTH (HIIyopecueHIli

OapBHHMKA MOKHA BUPA3UTH PIBHIHHSM:
=SB I+ B ] 4)

CL CL

ne lo ta lnex - IHTEHCUBHOCTI (hIyOpecleHIlli BUIbHOTO OapBHHKA Ta YCIX MOJIEKYI
OapBHUKa, 1110 3B’ 513aH1 3 O1JIKOM, BIATIOBITHO.

[Toennyroun piBHsiHHA (4) Ta (3), OTpUMyeMO BUpa3 Al OOYUCIEHHS KOHCTAHTH
3B’sI3yBaHHS:

: |
Y= AX |+~ —\/(1+Xx”+ —) - (5)

2 ZXCL ZKXCL 2 ZXCL ZXKXCL CL

e X= CP, Y= (]—IO),A = (Imax_IO);
ExcnepuMeHTanbHO OTpUMaHa KpUBa I1HTEHCHBHOCTI (DIyOpecLEeHLIi CIOJIyK
oynyerbest 'y Bursial 3anexHocti (I — Io) Bim Cp, a MOTIM anpOKCHUMY€ETbCS 3a

piBHsHH:M (5), ne 3HadyeHHs K, n Ta A oTpuMaroTh K apaMeTpH MiArOHKU.
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2.5 KyabTuBYBaHHS KJIITHH

Jlinis kit paky A2780 (eHaoMeTpoiaHa aJleHOKapuHOMA S€YHUKIB) OTpUMaHa Bij
Sigma-Aldrich. Knituau A2780 BupomyBanu B cepegosumni RPMI-1640 3
nonaBanHsM 10% ¢eranpuoi 6uvauoi cupoBatku (FBS), 1% l-rmyraminy ta 1%
neHimuiiny/ctpentominunay. Kinitunau kynstuByBanu 10 80-90% koH(pIIOEHTHOCTI Ta
BIIOKpEMJTIOBAJIM  Big  KoiOu 3a  gomomoror  po3umHy  Tpuncuny/EJITA
(0,025%/0,01%, mac./06., Biochrom GmbH, Himeuunna) y DPBS Oydepi.

JiHIr0O KJIITMH aJACHOKapUMHOMHU MOJOYHOI 3ano3n JoauHu  MCF-7
KYJbTUBYBAJIM B KyJbTypanbHOMY cepenoBuiii DMEM (Gibco, CIIIA) 3 nonaBanHsIM
10% FBS, 2 MM rnyraminy, 50 OZl/mn neninmiiny ta 0,25 MKIr/Mi1 CTpENTOMILIMHY
(Lonza). Knituau kyneruByBasiu 10 80-90% KOH(]IIOEHTHOCTI Ta B1IOKPEMITIOBAIIN
Bl KoJOM 3a jgomnomoroio posuuny Tpuncuny/EJITA (0,025%/0,01%, wmac./06.,
Biochrom GmbH, Himeuyunna) y PBS Oydepi. Knitunau kynstuByBanu B atmocdepi 5

% Byraekucioro razy (CO2) npu 37 °C.

2.6 Bizyaaizamisi ;KUBUX KJIITHH

Jlns Bi3yautizaliii )KMBUX KJIITHH, iX pecycneHayBaiu B cepefoBuiii RPMI-1640, mo
mictuiio 5% FBS, 1% L-rnyraminy Ta 1% neHiuuiiny/cTpenTOMIlIMHY, 1 BUCIBAIU B
KoHIeHTparii 80 KIITHH/MKII Ha QIIyOpECIEHTHY YallKy 31 CKISTHUM gHOM (p-dish 35
MM, 1bidi GmbH, Himeuunna). Koxny yaiiky i3 3aragbHuM 00’ €MOM 2 MJT 3aTUIIaId
Ha Hiu npu 37 °C y kamepi, 3anoBHeHid CO2 (5%). HactynHoro AHS KIIITHHU
npomuBaiu (2x2 mu DPBS) 1 nonaBanu cBixky nopuiro HBSS (2 mi1). Po3unau Hoechst
33342, MitoTracker Green 1 [oCHiKyBaHOTO OapBHUKAa Yy  BIANOBIAHHMX
koHueHtpaisax B JIMCO nmomaBanu B okpemi Ta B oaHy 4amky Ha 30 xB. [lotim
KJIITHHU AB14Y1 npoMuBaiii DPBS 1 nogaBanu cBixuit HBSS (2 mun). @nyopecueHTHi
300pakeHHs Oynu oTpuMaHi 3a gonomororo Zeiss Axio Vert.Al 1 Habopy (iuibTpiB:
30. 625—655/Bunp 665—715 HM (TeMHO-4YepBOHMI) I Bi3yaui3alii OapBHHUKIB, 30.

335-383/Bunp 420-470 um (cuniit) ns Bizyamzaiii Hoechst 33342, 36 450-490/Bunp
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500-550 am (3enenmit) s Bizyamizamii MitoTracker Green. O6’extuB: 40x/1,30.
Macno (DIC). Otrpumani 300pakeHHSI aHATI3yBaJId 3a JOTIOMOTOI0 OE3KOIITOBHOTO

nporpamtoro 3ade3neueHns Fiji/lmagel v1.52b.

2.7 KoundoxaabHa Bizyajizanisi (ikCOBaAaHMX KJIITHH

Jna koHpoxanbHOro anamnizy krituad MCF-7 nmomimany B KyIbTypasibHi IUIAaHIIETH 3
12 nmyHkam#u, 110 MICTATH KPYTJIl CTEPUIIbHI CKJISIHI TTIOKPUBHI CKEJbIIA, 1 IHKyOyBaIn
npotarom 48 rogun npu 370 °C y npucytHocti 5% CO2. Ilicna pocaraenns 80%
KOH(ITIOEHTHOCTI CepEeIOBHUIIE SIS POCTY BUIAIISIIH 1 KIITHHH Tpuul mpomuBanu PBS.
Jlani KIiTHHY 1HKYOYBaIM 3 TOCIKYBaHUMHU OapBHUKaMU B KoHIeHTpalli 0,1 uM y
FluoroBrite DMEM (Gibco, CIIA) 6e3 FBS mpotsrom 15 xB mpu 370 C y
npucyTtHocTi 5% COs. Ilicns iaky6amii krituan npomuBanu PBS, dikcyBamu B 10%
HelTpaibHOMY 3a0ydepenomy dopmanini (Sigma-Aldrich, CIIIA) npotsirom 15 xB
npu 22° C i 3n0By nnpomusanu PBS. TTorim mpotsirom 15 xeumun gogasand Hoechst
33342 y xonuentpaiii 1 uM 1 moBropHo npomuBanu PBS. Hapeniti, ckiissHI HOKpUBHI
CKEJIbIISl BCTABJISUIA B cepenoBuiie, 1o Mictuwio 0,1 % DABCO. Ananiz npoBoawiu

3a JIOTIOMOT'0F0 KOH(OKAJILHOT'0 MIKpOCKOIIa Zeiss.

2.8 IIporoyHa nuTomerpis

@DI1yopecleHIIil0 KUBUX KIITHH KUIbKICHO BH3HAYald 3a JOMOMOIOI0 IPOTOYHOIO
nutomeTpa Guava easyCyteTM 6-2L Big Merck Millipore (Hapmitant, Himeuunna)
[UITXOM MOHITOPUHTY BUIIPOMIHIOBaHHS MpU 695+26 HM 3 BUKOPUCTAHHSM JDKEpeIia
30ymKeHHs Aex 642 uM (depBoHa QuryopeciieHiis). s boro TpUNCMHOBAH1 KIIITHHU
pecycnenayBanu B cepeaoBuili RPMI-1640, mo mictuts 5% FBS, 1% L-rnyraminy
Ta 1% MNeHIMWIIHY/CTPENTOMIIMHY, 1 TEPeHOCUIN B 24-JTYHKOBHM IUIAHIIET B
koHueHTpalii 200 k1iTHH/MKI Ha TyHKY. [lnanmer 13 3aransHuM 06’emom 0,5 Mi1 Ha
nyHky 3anumanu npu 37 °C y kamepi, 3anoBHeH1id CO2 (5%), na Hiu. Yepes 12 rogun

kinitTuHr npoMuBanu (2x0,5 mu DPBS) 1 nomaBanm cBixy mopitito HBSS (0,5 mmn).
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Po3uunu 6apBuukiB B JIMCO a6o npocto JIMCO nonaBanu B OKpeMi IyHKUA OPOTIATOM
30 xB inkyOarii. Konnentpaiis 6apsaukis 3.2 1 3.4 cranoBuina 1 uM (1% JAMCO).
[Torim wmituHu aABlyi npomuBanu DPBS 1 pgonmaBanmu cixuii HBSS (0,5 mn) 1
00pobmsin Tpuncunom (0,2 mi/mac.) mpoTsroM | XBWIMHM, 3alUIIAIA CyXHMHU
npoTsATroM 5 XBWIMH B iHKyOartopi. [Totim nogasanu ceixuit HBSS (0,5 M) 1 kimiTuaM"
NEPEHOCHJIM B TOJIMPOMIJIEHOBI MIKpOnpoOipku. byna KiibKICHO BH3HAYEHA
dayopecteHIliss KIiTHH, HE OOpPOOJIEHUX KOMAHMM OapBHUKOM (SIKI MICTSTH JIMIIE
amkBoty JIMCO sik kOHTpoJib), a TakoX OapBHuKHU 3.2 1 3.4. [lani oOpoOssiu 3a

nonomMororo nporpamuoro nakery inCyteTM Big Merck Millipore.

2.9 BwusHayeHHS HUTOTOKCUYHOCTI OapBHUKIB

[{uToTOKCHMYHICTH OyJa oriHeHa 3 BUKopucTaHHsiM MTT-pearenty. Criepiry KIITHHH
PIBHOMIPHO BHCIBaJIM B KOXHY JYyHKY 96-myHKoBUX miaHmeTiB (6000 kmiTuH Ha
JYHKY) 1 IHKyOyBaJIu MIPOTATOM Y KyJibTypaibHoMy cepenoBuili DMEM 3 10 % FBS
npotsirom 24 roxuH. IloTiM cepefoBuIlle BUIANSAIM 1 3aMIHIOBAIU CBDIKHM
0e3cupoBaTKOBUM cepenoBuieM (abo 3 5% BSA) 13 momgaBaHHSIM JOCIIIKYBaHUX
OapBHUKIB B PI3HMX KOHIIGHTpalisX. YacTUHY IUIAHIIETIB 3aJIMINAIA Ha 24 roj s
BU3HAYEHHS TEMHOBOi TOKCHYHOCTI, 1HIIY — IMICJsI OAHIET TOAWHU 1HKyOamii 3
OapBHHKaMH, OIPOMiHIOBanu cBitiomiogom 670 am (180 mBt/cm?) mpotsarom 1 xB Ha
JYHKY 1 TaKOX 3aiuiiany npotarom noom npu 37 °C y kamepi, 3anoBHeHit CO2 (5%).
BrxuBaHiCTh KIITHH BUuMiproBasiu 3a gornomororo MTT merony. s iboro BUgaIsIN
cepenosuine Ta gogasaiu peareHT MTT (5,0 mr/mi, 100 mxin) y 6€3cupoBaTKOBOMY
CepeIOBUII, Y TEMPSBI 3 MOAAIBIIOK 1HKYOaIie nmpoTsarom 4 roaus. Ilicis uporo
po3umH Bujaitsu 1 gogasanu 150 mxn JIMCO a1t po3urHeHHs KpucTaniB (jopMazany.
Ontrnuny rycruny (OD) peectpyBain npu 570 HM 3a JOMOMOTOK MPUCTPOIO JIS
3YNTYBaHHS MIKPOIUIAHIIETIB micisa 15 XB 1HKyOauli nmpu KIMHATHIA TeMIeparypi.
Yucio KUBHUX KIITUH, 1110 3aJIUIIAIUCS MICIIsI MPOBEICHHS A0CIIY PO3PaXOBYyBaIH 3a

HACTYIHHUM PIBHSIHHSIM:
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BwxuBaemicts xiitun (%) = (OD6apBauk—ODOnank) / (ODkorTpoas—ODOmanK) X
100 %, 3)

B excrnieprMeHTax BUKOPHCTOBYBAJIW HACTYITHI TUIIM KOHTPOJIO: JIYHKH 3 KIIITHHAMHA
0e3 OapBHUKIB 1 03 Jii J1a3epa, JIYHKH 3 KIIITUHAMH 0e3 OapBHUKIB Ta MICJs i1 Jia3epa,

nyHku 3 kiaituHamu 13 JIMCO 6e3 6apBHUKIB (6€3 j1a3epa Ta 3 00pOOKOIO CBITIOM).

2.10 MouekyasspHuUii JOKIHT

Monexkynasipauii  TOKIHT (DIIyOpEeCIIEHTHUX 30HAIB 3IIACHIOBAIIM TIO BCii
NOBEPXHI MOJIEKYJIM CUPOBATKOBOIO albOYMIHY JIOJMHHU (KpUCTaJl4Ha CTPYKTypa 3
PDB ID: 1AQO6) s3miiicHioBanu 3a jgomomororo Beb-ceppepa CB-DOCK
(http://clab.labshare.cn/cb-dock/php/index.php) [155, 156]. Bizyaumizaiiito KOMIUIEKCiB
dyopeciieHTHOr0 OapBHHKA 3 adbOYMIHOM JIFOJAWHH 3IHCHIOBAIN 3a JOIOMOTOIO

Discovery Studio Visualizer 2017 R2.

2.11 MouJuekyasipHa IMHAMIKa

I[Ippu mnpoBemeHHI PoO3paxyHKY MOJIGKYJIIPHOT JWHAMIKA  KOMIUICKCY
“cupoBaTKOBUN anbOyMiH JIOOUHU — (ryopectieHTHUN OapBHUK® (‘“‘pementop —
mirana’’) BukopucToByBaiu maket nporpam GROMACS. Tonosorito giranaa (hopmar
daiiny .itp) OyayBamu 3a monomororo cepeepy ATB (https://atb.uq.edu.au/).

[ToyaTkoBY TMO3MIlIO JliraHaa y TeMiH-3B'I3yBaJbHOMY CalTI perenropa
reHepyBaiu 3a jgomnomororo BeO-cepBepa CB-DOCK (http://clab.labshare.cn/cb-
dock/php/index.php). Hactymaum eTamoM mpOBOAMIM KOHBEPTAII0 BHXIJIHOTO
MoJsieKyisipHOoTO Komruiekcy (dopmatr PDB) y BHyTpimHii dopmar GRO makery
GROMACS, mnporoHyBaHHS aMiHOKHCJIOTHUX 3aJIUIIKIB MOJICKYJIH peIenTopa
npoBOaMIM Tporpamoro pdb2gmx y BIAMOBITHOCTI O CTPYKTYpPH TOIOJIOTIN Ta
cunoBoro mnoyis GROMOSS54A7. Po3ranryBaHHS CTPYKTypH KOMIUIEKCY ‘‘JIraHi-
peuentop” B LEHTPl KyOIYHOro OOKCY MPOBOAMWIM 3 TAKUM PO3PAXYHKOM, I100

JMCTAHIIIS B TPAHUYHUX aTOMIB KOMIUIEKCY JO0 CTIHOK OOKCY HE mepeBulyBaja 1
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HM. J[ani OOKC 3alOBHIOBAJIM MOJIEKYJIAMH BOJM Ta MPOBOAWIA MIHIMI3ALIK0 €HEPrii
KOMIUJIEKCY Yy BOJHOMY OTOYEHHI 3 BUKOPHUCTAHHSIM aJTOPUTMY KPYTOrO CIYCKY
(steepest descent) npotsirom 1000 kpokiB. DiHaIBHI KOOPAUHATH CUCTEMH “‘pELENITOP
— JIiraHjy — PO3YMHHUK  BUKOPUCTOBYBAIM HJsi PO3PAXyHKY “‘OOMexeHOi”
MOJIEKYJISIpHOT TuHaMIKU mpoTsroM 40 1c, sika BKIIOYala TapMOHIYHY IPUB’SI3KY
MO3UIIINA aTOMIB pelenTopa Ta JiiraHjaa /10 BUXIIHUX KoopauHat. Sk BuUXigHy Opanu
CUCTEMY “TIPOTETH — JITaH] — BoJia”, OTPUMaHy B pe3yJIbTaTi “00MEKEeHOI JTUHAMIKH.
Mounekynsapny auHamiky npoBoawid npu temneparypi 300K. Jlns miarpumanzs
KOHCTAHTHOI TEMIIEPATYPU CHCTEMH 3aCTOCOBYBAJIM METOJ CIAOKOro CHOJYyYEHHS

bepenacena.

2.12 CraTuCTHYHUH aHAJTI3

CraructuyHy oOpoOKy oJiepaHUX Pe3yIbTaTiB MPOBOJWIN 3a JOIMOMOTOK METO/IIB
BapialliiHOI CTATUCTUKH Ta KOPEJSALIMHOTO aHAJI3y 3 BUKOPUCTAHHSAM KOMII FOTEPHOI
nporpamu  Exel, makery mporpam Origin Ta 3a JONOMOTOI0 MPOrPAMHOIO
3abe3neuennss GraphPad Prism 8 (GraphPad Software Inc., CIIIA). Cratuctuune
HOPIBHAHHSA MPOBOJMIN 3 BUKOPUCTAaHHAM t-KpuTepiss CThIOJIEHTa 3 p-3HAYCHHIMH <

0,05 sk MiHIMAJIBHOTO P1BHS JIOCTOBIPHOCTI.
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PO3JILI 3

MEPOIIIAHIHOBI bAPBHUKH

dnyopeciieHTHa Bi3yaiizailii BUKOPUCTOBYEThCS MJii HU3KUA O10JIOTIYHUX
3aBJaHb TakKMX SK 17eHTU]IKAIlisd KIITHHHUX TPOIECiB, BUBUCHHs O10pO3MOALTY B
KJIITUHI, Bi3yamizaiisi OJHI€l KIITUHM in Vivo Ta ISl 1IeHTU(IKaIli HOBUX
IMPOTHOCTUYHHUX 1 TepareBTUIHUX cTpareriid. CydacHOIO TCHISHIIEIO € JOCIIKCHHS
SK areHTIB  Bi3yali3alii HAHOYAaCTHHOK METaliB, fAKI € O0IOCyMICHHMH,
dboTocTabIIbHUMU Ta MalTh SCKpaBy ¢uyopecueniito [157], po3poOistoThes
pizHOMaHITHI (uryopodopy Ha OCHOBI HeopraHiYHUX MarepianiB [158], Takux sk
BYIJIELEBl HAHOTPYOKM, KBaHTOBI Touku [159], HaHOYaCTMHKM JIeroBaHi
pinko3eMenbHuMHU eaeMeHTamMu [160]. TlornuHaHHS B IIMPOKOMY CHEKTPATbHOMY
Jilara3oHi B 3aJISKHOCTI Bl pO3MipiB, BUCOK]I KOe(iIlieHTH eKCTUHKITT (BuIl Hix B 10
pa3iB B MOPIBHSAHHI 3 OPraHIYHUMH MOJIEKYJIAMHU) Ta CTIMKICTh A0 (POTOBIIO1ITIOBAHHS
HAJAI0Th 3HAYHOI TepeBard y BUKOPHUCTAaHHI HeopraHiyHuX (iayopodopis [161].
[Ipote ix 3acTocyBaHHS Bce k € oOmMexxeHUM. [lepin 3a Bce uepe3 KUIbKICHY OLIHKY
CUTHAJIy Ta HEOOXIJAHICTh 3aTBEPIKEHUX MPOTOKOIIB. OKpIM TOro, HEOPraHIYHUM
MaTepiaiiaM BIaCTUBAa HEKOHTPOJIhOBaHA (papMOKIHETHKA 1 3AATHICTh 10 HAKOITMYEHHS
B PI3HHMX OpraHax, TakoXX HEOOXIJHOIO € iX COJIoOUTI3allis 3a PaxXyHOK BBEICHHS
riApodUTbHUX  TMOBEPXHEBUX  MOJIeKyJd. Ha  BimMiHy  Big ~ HEOpraHIYHUX
GbayopeclieHTHUX MarepiajlliB, OpPraHiuHi MOJICKYJIH BIAPI3HAIOTHCS IPOCTOTOIO
BUKOPHUCTAHHS, KOMEPIIHOIO JOCTYITHICTIO Ta MOXKIJIUBICTIO IPOBOJUTH CTPYKTYPHY
MOU(IKAIIIO B 3AJIEKHOCTI BiJ] TOTPEO BUKOPUCTAHHS.

OKpIiM ONITUYHUX BIACTUBOCTEH, TP JOCIIKEHH] PO3MOALTY (DITyOpECHEHTHUX
OapBHHKIB YW X KOH’IOTaTiB y KIITHHI, BEJIMKE 3HAYCHHS Ma€ 3apsKEHICTb
Mosiekysii. OcHOBHUI MacuB (iyopodopiB, MO IIMPOKO BUKOPUCTOBYETHCS IS
BUBUYCHHS KJIITHHHUX TPOIIECIB mependadac BUKOPUCTAHHS TMO3UTHBHO 3apSKECHUX

OoapaukiB Cy5/Cy5.5/, OCKITbKM BOHH JIHCHO MalOTh BHCOKI KBAHTOBI BHXOJH



65

¢yopecuenIiii Ta MOJspHI KoedimieHTH ekcTuHKLii. [IpoTe 3maTHICTH KaTiOHHUX
OapBHUKIB 0 HAKOMWYEHHsS B MITOXOHJPISIX MOXKE BIUIMBATH Ha O10pO3MOALT iX
KOH IOraTiB, OKpIM TOr0, MPU3BOAMTH JI0 3MIHM MITOXOHJPIadbHOTO MEMOPAHHOIO
MOTEHINaNTy 1 K HACJIJIOK — PO3pUBY MEMOpaHU Ta MOPYIICHHS MiKpOOTOYeHHS [162,
163]. ToMy 3amauero TOCHIIHKEHHS cTaja po3po0Ka JTOBrOXBUILOBUX OApBHUKIB, SKi
HE MPOSBISITUMYTh (200 MATUMYTh HU3bKY) 3/IaTHICTh CEIEKTUBHOTO HAKOTMYECHHS B
opraHenax KJIiTHH.

B nuceprauiiiHiii  poGoTi po3poOieHuil psAn OapBHHKIB, $KI HE MarOTh
3arajbHOroO 3apsAay 1 BKJIKOYAIOTh a0o chpaBll HEWTpaibHI, abo UBITTEP-HOHHI
xpoModopu. BHyTpilHOMOHHI OapBHUKHU - 11€ CIOJYKHU, B SKUX KaTiOH Ta aHIOH
MOEAHAHI MK COOOI0 CHCTEMOIO CHPSIKEHUX 3B S3KIB 13 PO3MOJUICHHIM 3apsiay IO
atomam xpomodopy. CymapHuUii MOZUTHUBHUHN 3apsi] BHYTPIIIHHOMOHHUX OAPBHUKIB €
+1, a ”HeratuBHUIl -1, a B LJIOMY Taka MOJIEKYyJia € EJIEKTPOHEUTPATbHOI0, TOMY
BHYTpPIIIHBOMOHHUN OapBHUK HE MICTUTh IHPOTUMOHY 1 BIJHOCHTBCS 1O YHCIIA
HECOJICTBOPHUX CMONyK. HasiBHICTh PI3HOWMEHHUX 3apsiB, a TAKOK MOXJIUBICTH 1X
Jokamizauii B PI3HMX YacTHHAX MOJIEKYJM, OOYMOBIIIO€ BUHUKHEHHSI MOCTIHHOIO
JUTIOJIBHOTO MOMEHTY. Toi SK MOJIEKYJTH MOHHMX OapBHHKIB € MOHOIIOJSMHU 1 HE
iICHY1I0Th 0€3 mpotuiioHy. [lpu enexkTpoHHOMY 30Yy/KEHHI BHYTPIITHLOHOHHUX
OAapBHMKIB JIUIIOJIBHUII MOMEHT MOJKE SIK PI13KO 3pOCTaTH, TaK 1 najatu 1o HyJs [163].
3a mi€ro 03HAKOI0 X YMOBHO TOJIUJISIIOTh HA HEUTpambHI 1 0eTaiHoBi. Jlo HEUTpanbHUX
BHYTPIIIHBOMOHHUX OapBHUKIB BIJHOCITh MEpOLIAHIHOBI OapBHUKH, Yy SKHX, SK
BHCBITJICHO B JIITEPATYPHOMY OIJISIA1, OIMH 13 CTaH1B (OCHOBHUI 4M 30y PKEHHIT) MOKE
OyTH TIpEACTaBICHUM Yy BUTJIIAL SIK HEUTpaIbHOT CTPYKTYpH, Tak 1 OinmosisipHoi [164].
berainoBi 6apBHUKH — 1€ OaPBHUKH, 10 MaIOTh OINOJIAPHY OyIOBY SIK B OCHOBHOMY
Tak 1 30yKeHomy ctani [163].

MepoitiaHiHM MIUPOKO BUKOPUCTOBYIOTHCS JIJII BUPIIICHHS P13HUX O10JIOTTYHUX
3a/1a4, HAMPUKJIAI, K 30HIM MOJISIpHOCTI MeMmOpaH [46]. Binommii 6apBarK MC-540,
3HAWIIIOB CBOE€ 3aCTOCYBaHHS Yy (POTOTEPANEBTUYHHUX MOCITIKEHHAX. B manmii gac
MEpOLIIaHIHU 3HAXOAATHCS B IOKITHIYHUX JOCIIIKEHHSX, CIIPIMOBAHUX Ha JIIKYBaHHS

neiikemii. HalimommpeHimmMu € MepoliaHiHu Ha OCHOB1 OapOitypoBoi [58, 59] 1
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Ti00apOiTypoBOi [62, 63] KuCITOTH Ta iHAAHAIOHY [64, 65], sKi MarOTh 3a00pPOHEHI N —
¥ mepexou, Mo racath GIyopecleHIlito, a TaK0X YTBOPIOBATH BOJIHEBI 3B’SI3KHU 13
010MOJIeKyJIaMH, 1110, B CBOIO YEpry, MOKE€ BIUIMBATH Ha KIHLEBHUH pe3ynbTar. OKpiM
TOTO, JUIsl OLIBIIOCTI MEPOIIaHIHOBUX OAapBHUKIB XapaKTEPHUM € TOTIMHAHHS CBITIa
B oOnacti 1o 600 HM, 10 3HAXOJUTHCA 3a MEXaMH TEpareBTUYHOTO BikHA. B
JiTepaTypHHUX JIKepesax ocoOJMuBa yBara NpUAUSIETbCS JTOCHIIKEHHIO OApBHUKIB 13
ME30-HE3aMIIIEHHUM TOJIIMETHHOBUM JIAHITIOTOM, IO 3[aTHUW /IO HETaTUBHOTO
edexty 13omepu3zaiii. [IpakThuyHO He BiAOOpa)K€HUM BIUIUB ME30-3aMICHUKIB Yy
MOJIIMETUHOBOMY JIAHI[IO31 Ha B3a€EMOJII0 13 CHPOBATKOBUMHU albOyMiHAMU Ta
KJIITUHHY TPOHUKHICTb.

OTtxe, B JaH1i yaCTUHI pOOOTH AOCTIIKYIOTHCSI HOBI MEPOIIaHIHOBI OapBHUKHU
13 )KOPCTKO3AKPITUICHUMH (PparMeHTaMU B TIOJIIMETUHOBOMY JIAHITFO31 JIJIsl 3MEHIIIEHHS
dboToizoMepu3zarllii Ta 3MIIIEHHS] MAKCUMYMY TOTJIMHAHHS B JJOBMOXBHJILOBY 00JIACTh.
Jns nociiikeHHsT BIUIMBY ME30-3aMICHUKA Ha 3B A3yBaHHS 13 OUIKaMH, TaKOX
CUHTE30BHO OapBHUK 3.0 13 «BIAKPUTUM» MOJIMETUHOBHUM JIAHIIOTOM. Y Cl CIOJIYKH
3.0 — 3.5 MicTWIM MaJOHOJIMHITPUIBHUN (parMeHT SK aKUENTOPHY YacTUHY Ta
OCH30TIa30JI0BUM YW TIa30JiAIHOBUN (parMeHTH sIK JOHOP. MallOHOHITPUIbHUN
aKIenTop, Ha BiAMIHY B1J KapOOHUIbHOI Trpymu 0apOiTypariB, Tio0apOiTypatiB i
1HIAHAI0HY, TPAKTUYHO HE YTBOPIOE BOJHEBI 3B S3KH 1 IX n —* mepexija HeaKTHBHHM
y Oe3BUIIPOMIHIOBAILHUX Tporecax [165, 166]. JlIoHOpHY Ta akIENTOpPHY YaCTHHH
MOEHAHO MOJIMETUICHOBUM JIAHITIOTOM, B SIKMI BBEJICHO KapKacHI HACHYEHI IIECTH
Ta I’ATHUYIEHHI MICTKOBI YIpyImyBaHHs 3 pI3HMMH 3amicHuKamu (puc. 3.1), mo
BIIPI3HSIOTHCA 3a CBO€EIO JMOoPiIbHICTIO. OKpiM TOTr0, YCi CHHTE30BaHI OApBHUKH
MICTWIM  almiaTUYHUNA JIHKEp 13 KapOOKCHUJIBHOIO TPYMHOK JUIsl IiJIBUILEHHS

PO3YMHHOCTI Ta JUIsl MOKJIMBOCTI KOBAJEHTHOI MPUIITUBKY TaHUX (HIyopodopiB.
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HO 3.3 HO HO

Puc. 3.1. CtpyKTypu AOCIIPKyBaHUX OApBHHKIB

3.1 CuHre3 MepouiaHiHOBUX OapBHHUKIB

JUJIsT MOKJIMBOCTI CTBOPEHHS KOH’IOraTiB Ha OCHOBI HOBHUX MEpOIL[IaHIHOBUX
OapBHUKIB, CIepIly KOMEPIIMHO JOCTYIHI 2-MeTHJI0eH30Tia301 1 2-meTui-4,5-
JTUT1APOTIA30J1  alKIIyBaId  6-OpOMOrEKCaHOBOIO  KHUCIOTOK 3 YTBOPEHHSIM
BIJIMTOBITHUX YETBEPTUHHUX coJield. BBemenuii JiHKEp 13 KapOOKCHUIHLHOIO TPYIIOO
HaJa€ 3MOTY OTPUMYBATU HIUPOKHUI CHEKTP KOH IOraTiB 13 010JOTIYHO aKTUBHUMH
MoOJIeKyJlaMU (JIIK1) Ta mpupoaHiMHu cyoctpatamu. [Ipomixkui npoxayktu (3.2a, 3.3a,
3.1c, 3.4b, 3.5b) oTpumaHi 3 BUKOPHCTAHHIM KOHJIEHCALlli cojiell O€H30T1a3051110 abo

4,5-1uriapoTiai3oito Ta coseH IMiHII0 B MPUCYTHOCTI alleTaTy HATPIIO K OCHOBH (pHC.

3.2).
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Puc. 3.2 CxeMa cuHTE3y MepOIliaHIHOBUX OapBHUKIB

OCKUTBKM BIJIOMO, IO MAaJOHOJAWHITPWIbHUMA (parMeHT MPAaKTUYHO HE YTBOPIOE
BOJ/IHEBHX 3B’SI3KiB, & TAKOK MOXE MaTH POTOPHI BIACTHBOCTI 1 CIIPHUSITH 3POCTAHHIO
IHTEHCUBHOCTI ()JIyOpECLICHIIIT MOJIEKYJ y B’ A3KUX CEPEAOBUILAX, HOro Oyino oOpaHO

SK aKIIENTOPHHM )parMeHT IIpU po3poOlll Tru3aiiHy OapBHUKIB.

3.2 ChnexkrTpanbHO-(IyOpeCUeHTHI XapaKTePUCTUKH JT0CTIIXKYBAHUX CIOJIYK

OCKIJIbKM CHUHTE30BaHl CIOJIYKHM € HOBUMH, CHEpUIy JOCIIIPKEHUN BILJIUB
OyaoBu Ha iX CHEKTpalbHI XapaKTepUCTHKH. MaKCHUMyMH TOTJIMHAHHS Ta
dayopecuenIiii 6apBHUKIB po3TamioBaHi B obmacti 624 — 730 HM, 1m0 poOUTH
MO>JIMBUM JIJIsl BUKOPUCTAHHS 1X B O10IMIJDKUHTY in vitro. LIlboMy Tako CHpPHSIOTH
BHUCOKI KOE(ILIEHTH MOJISIPHOI €KCTUHKIIIT JOCI)KYBaHUX CIIOJIYK. B MeTaHoI11 BOHH
3HaxoaaThCcs B 00macTi (0.73 — 1,84)x10° Mlem™! (puc. 3.3, Tabmmns 3.1).

[Ipu mepexoai B OJHOIO THITy AOHOPA — T1a30J1J1HOBOrO 3aMmicHHUKa (3.2 Ta
3.4) no nmoHopa, mo MICTUTh OeH3o0TiazomoBuii 3amicHuK (3.0 - 3.3 Ta 3.5),
CIIOCTEPIraeThCs 3MIIIEHHS MAKCUMYMY TOTJIMHAHHS B JIOBTOXBUJILOBY CIIEKTPATbHY
o0nactp. Tak, HanmpuUKIIad, 3aMiHa Tia30J1AIHOBOTO (hparMeHTy B CTPYKTYpl OapBHUKA

3.4 Ha O0eH30Tia30J10BUi B 3.5 MPUBOIUTH J0 3CyBY MaKCUMyMy a0OcopO1ii Ha 44 HM.
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Tabnuys 3.1
CrexTpanbHi XapaKTepUCTUKU OApPBHUKIB B METAHOJI (Amax —MaKCUMyM

MOTJIUHAHHS, Aem - MAKCUMYM BUIIPOMIHEHHS, € — KOS(IIIEHT MOJISIPHOI

CKCTHHKIIIT)
MeOH
bapeHukun
Aabs, Aem, &
10°Mlem'!
nm nm
3.0 640 672 1.6
3.1 685 703 0.73
3.2 624 645 0.92
33 673 697 1.82
34 653 688 1.84
3.5 697 730 1.27

3aMiHa HEHTPAIBHOT0 (parMeHTy MOJTIMETHHOBOTO JIAHITIOTa TAKOXK BILIMBAE HA
CHEKTPaIbHO-(DIIyOpECIIEHTHI  BJIACTUBOCTI  MepoIliaHiHiB. J[ns OapBHUKIB i3
[UKJIOTICHTHJIBHAM KUTBIIEM, IO MICTUTh AUQPEHIIAMIHO 3aMICHUKH, MaKCUMYyMHU
30y/PKeHHSI Ta BUIIPOMIHIOBAHHS (IyOpecleHIli 3MINIYIOTbCS B JOBIOXBUJIIBOBY
CHEKTpabHY 001aCcTh HOPIBHSIHO 3 X AaHAJIOTAMH, 1110 MICTATh UKJIOT€KCUIIbHE KUIbLIE
13 peninpHOMO rpynoro (3.4 1 3.2 ta 3.5 1 3.3, BiAMOBIAHO).

Ax BumHo 3 Tabmuii 3.1, BBEAEHHS Me30-3aMICHUKA MPUBOIUTH 10
TIICOXPOMHOTO 3CYBY MaKCHMyMY NOTJIMHAHHS Ta (PIIyOpeclieHIlli: Mpu BBEICHHI
atomy Xunopy (0apuuk 3.1) 3minieHHst BiiOyBaeThcst Ha 45 Ta 31 HM, a IpU BBEJICHI
augeninamino rpynu (6apBHuk 3.5) Ha 57 Ta 58 HM, BIANOBIJIHO, B MOPIBHSHHI 13
6apsHukoMm 3.0.

Otxe, BBeicHHST AU(DEHUIAMIHO TPYIU UM aTOMYy XJIOpY B IIEHTpajibHE KUIbIIE
MOJIIMETUHOBOTO JIAHIFOTa Ta OEH30Tia30/1y SK aKIENTOPHOI YaCTUHU CIIPHSE

HaNOUIBIIOMY 3CYBY B IOBFOXBHJIBOBY CIIEKTpaIbHYy 00JIaCTh.
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Normalized absorbance

T T T T T - =
500 600 700 800
A, M

Puc. 3.3. HopmanizoBani ciektpu noryimHanis B metanoi C(dye) = SuM

OpHax BiJJOMO, 110 BBEACHHS T1aApo()OoOHUX TPy MOXKE HETAaTUBHO BIUIMHYTH Ha
CIIEKTpaJIbHI BJIACTUBOCTI Y BOJHOMY CEPEIOBHII, a 30epekeHHs (IyopecleHTHUX
BJIACTUBOCTEHN y BOJIHOMY Oy(epi € He0OX1JHOIO YMOBOIO MPHU AOCIIII)KEHH]1 OapBHUKIB
K (IyopecleHTHUX 30HAIB. TOMy HACTYIHHUM €TarioM poOOTH CTajo JOCTIIKEHHS
BIUIMBY OYyJIOBM OapBHUKIB Ha iX CIEKTpaJIbHI BJIACTUBOCTI y BOJHOMY OydepHOMY
cepenoBuil (pH 7,9), a Takox 3a IPUCYTHOCTI JIFOACHKOTO anbOoyminy HSA.

Sk 3a3HaueHo Ha puc. 3.4, mepexija BiJ METaHOJBHOTO JI0 BOJHOTO Oy(hepHOTo
po3uMHy BIUIMBa€ Ha (opMmy cHekTpaibHOI KpUBOi OapBHUKIB. 30Kpema, IS
mepomiadidiB 3.1 ta 3.3 cmocrepiraerbcsi MosiBa JOMATKOBUX KOPOTKOXBUIHOBHUX
MaKCHUMYMIB, a KpUBI MoriinHaHHs O0apBHUKIB 3.0 Ta 3.5 po3MIMPIOIOTHCS, 110 MOXKE
BKa3yBaTW Ha TEHJEHLIIO 10 arperauii y BogHoMmy Oydepi. PopMH KpUBHX CHEKTPIB
MOTJIMHAHHS 30epiraroThCs IS OapBHUKIB 3 Tia30JIIIHOBUMH 3amicHHKaMH (3.2 Ta

3.4)
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Puc. 3.4 Cnextpu nornuHanHs OapBHUKIB 3.0 — 3.5 B OydepHOoMy po3uMHI

C(dye) = 5pM

[TommeTrHOB1 OapBHUKM HAWOUIBII CXHWJIBbHI JO YTBOPEHHS acoliaTiB
CEHJIBIYEBO1 OYJIOBH 3a PaxyHOK JUCIEPCIMHUX B3a€MOJIIN, sIKI BUHUKAIOTh 3aBISKH
IPOTSKHOI CIIPSIKEHOI CUCTEMHU JIETKO NOJSpU3yeMuUX m-3B°s13K1B [167]. LIpomy cripusie
iaHapHa OymoBa xpomodopa 1 BiacyTHICTH 00’eMHUX 3amicHHKIB. bapBaHuk 3.1
HAWOUIbII BIAMNOBIAAE LHUM KpUTEpPisiM. AToM XJIOpy Y ME30-MOJO0KEHHI MEHII
00’eMHUIl HIX (QeHUIbHA 1, 0CO0IMBO, IHU(EHUIaMIHO TIpyma, sKa 3a PaxyHOK
CTEpMYHMX IIEPELIKOJI, BUBEJEHA 3 IIOMMHK XpoModopy Maibke Ha 90°. Kpim toro,
JIETKO MOJISIPU3YEMUI aTOM XJIOpY J10JAaTKOBO MIJCUIIIOE JUCTIEPCIHHI B3a€MO/IIT M1XK
MOHOMEpPHUMH MOJIeKyJaMu y ceHaBidi. Tomy OapBHUK 3.1 MPakTUYHO MOBHICTIO
yTBOproe H-arperar, 1o BijoOpaxaeTbcsi B HAIBHOCTI CUJIBHO TIIICOXPOMHO 3CYHYTO1
CMyT'W TMOTJMHAHHS, ii 3BYKEHHI 1 TaciHH1 JroMiHecueHuii. [Ipu mnoctynoBomy
J0JIaBaHHI METAHOJIy 70 BOJHOTO po3unHy OapBHmka 3.1 (puc. 3.5) BimOyBaeTbcs
3MEHILEHHS 1HTEHCUBHOCTI KOPOTKOXBHJIbOBOI'O MAaKCUMyMy 13 OJHOYAaCHUM

3pOCTaHHSIM JOBrOXBUJILOBOT0, 10 CBIAYUTH Npo pyiiHyBaHHs H-arperaris . Lle BugHO
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HE030pOEHUM OKOM: MpU IPHUKAIyBaHHI METAHOJIy J0 BOJAHOIO PO3YMHY OapBHHUKA

CIIOCTEPITa€ETHCS 3MiHA KOJILOPY PO3YMHY BiJI 3€JICHOTO 10 OJAKUTHOTO.

——50% .
141 40%

1 35% / |
1,0 1 30% ,

- ——25% ‘
0.8 ——20% { ,
— 10% /' |

|

Absorbance

Puc. 3.5 Cnekrpu nornuaanHs 3.1 y BOJHOMY pO34MHI 3 BMICTOM METAHOJY Bij

0 mo 50%; xoHmenTpartis 6apBHUKa 5 UM

[Tepexing no GapBHukiB 3.2 - 3.5 i3 00’€MHMMHU Me30-3aMICHUKAMH 3HAYHO
3HMKY€E UMOBIPHICTh YTBOPEHHS acoIliaTiB CEHABIUEBOI OYI0BH, 1110 BUIHO 31 3HAYHO
cnabmroi nedopmariii CieKTpiB MOTJIMHAHHS IMX O0apBHUKIB. Meporttianiau 3.2 ta 3.4,
SIK BUIHO 3 pHC. 3.4, HATMEHIII CXWIBHI 110 arperaiiii. [{e MokHa MOsSICHUTH KOPOTIIIOO
JOBXKMHOIO T-CHUCTEMH CEpell JIOCHIKyBaHUX OapBHUKIB, HACIIJKOM YOr0 €
nocabJieHHs] AUCTIEPCIMHUX B3a€MOJIIH.

IIpu BuBYEH1 3aneXHOCTI arperaiii OapBHuka 3.3 BIJ KOHIEHTpAILlil
BCTAHOBJICHO, 1110 3MEHIIIEHHS KOHILIEHTpaIlli 0apBHUKA IPU3BOJIUTH J10 IEPEPO3MOILITY
MIX arperoBaHuM (A max npu 578 HM) Ta MOHOMEPHHUM (A max rnpu 674 HM) CTaHOM.
[Ipu xonmentpamii 2 uM MakcMMyM B KOPOTKOXBUJILOBIHA 00JACTi, 110 BiJMOBIiAA€E

MOTJIMHAHHIO YTBOPEHHUX arperariB MpakTUYHO BIICYTHIM (puc. 3.6).
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Puc. 3.6. 3minu crmektpiB mnoriauHaHHS OapBHMKa 3.3 B 3aJEXHOCTI Bij

koHueHTpamii (1 -2 uM, 2 —5 uM, 3 — 10 uM)

CupoBaTkoBi aTbOYMiHU € OCHOBHIMH TPAHCTIOPTHUMU OLTKaMH B TIa3Mi KPOBI
JUIsl 6aratboxX CHOJIYK, TaKUX SIK TOPMOHHM, >KUPHI KUCJIOTH 1 JJii BUKOHAHHS L€l
byHKIii MOXYTh 3B'SI3yBaTH pi3HI JiraHad. 3B s3yBaHHS (dayopodopiB i3
CHPOBATKOBUMH aJIbOYMiHAMU BUKOPHUCTOBYETHCS IS O10MeAMYHOT Bizyaumi3alii, AJIs
BU3HAUYCHHS KOHCTAHTH 3B’S3yBaHHS JIIKAPCHKHUX 3ac001B 3 ajdbOyMIHOM Ta MJId
JOCIIKEHHS! KOH(DOPMAIIHHUX 3MIH O1TKOBUX MOJIEKYI.

3a npucytHocti HSA BigOyBaeTbcst 0aToXpoMHE 3MIIIEHHS MaKCHUMYMIB
NOTJIMHAHHSA YCIX JOCHIKYBaHUX (u1yopodopiB B MOPIBHSIHHI 3 iX MOJIOKEHHSIM Y
BogHOMY Oydepi (puc. 3.7). [nsa OapBHuka 3.1 XapakTepHUM € 3pPOCTaHHS
JIOBrOXBHJILOBOTO MaKCUMyMY B CHEKTpPi MOTIMHAHHS Ta HOTO 3MillleHHS Ha 59 HM B
YepBOHY 00JIACTh CNEKTPY. IHTEHCUBHICTH KOPOTKOXBUIILOBOI'O MakKCUMyMy Iipu 445

HM B ueﬁ K€ 9aC 3MCHINYETHCA.
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Puc. 3.7 HopmoBaHi1 cnekTpu NMOTJIMHAHHA JOCHI)KYBaHUX OAPBHHKIB IpU

nonasardi HSA (0.2 mr/mi); C(dye) = 5uM

®dopma kpuBOi orauHaHHA 6apBHUKa 3.5 B npucyTHOCTI HSA 3MiHIOETBCS, 30KpeMa,
IIMPOKa CMyTa, 10 croctepiranaca B 0ydepHomy pos3urHi B o61acti 600 — 800 Hm
3HMKAE 13’ ABIIAE€THCS MAKCUMYM IMOTJIMHAHHA Aabs = 712 HM. Toxai gk 15 6apBHuKa 3.0
TaKOXX CIIOCTEPITra€eThCsl MOSBA IOBIOXBUIHOBOIO MOHOMEPHOIO MIKY, IPOTE€ OCHOBHA
dbopMa KpUBOi 3IMINAETHCS YIIUPEHOIO, 110 TOBOPUTH MPO CHIIbHY TEHACHIIIO 0
YTBOPEHHsI arperariB 3a BIJICYTHOCTI 3aMICHUKIB B IOJIMETHHOBOMY JIAHIO31.
Cxoxicth 3a (GOpMOIO KpUBHX CHEKTpiB mormHanHs B MeOH Tta OGapBHHKIB B
cepenoBuilll HSA Bka3ye Ha Te, mo 0apBHuKHU 3.2 — 3.5 3a MpUCYTHOCTI anbOyMiHY
MePEBAXKHO 3HAXOIATHCS B MOHOMEPHIN (opmi.

JI1st BCTAaHOBJIEHHS BIUIMBY ME30-3aMICHMKA B IMOJIMETHHOBOMY JIAHIIO31 Ha
¢dboTOCTabIIBHICTS, TPOBEACHO TOPIBHSHHA B 3MiHaX ONTHYHOI TYCTHHH TpU
OMPOMIHEHHI €TaHOJIbHUX po3unHiB OapBHUKIB 3.0 Ta 3.3 iHTErpoBaHUM CBITIOM
KCEHOHOBOI ~ JlaMIH, 10 Ma€ HEMEpPepBHE  CIEKTpadbHE  PO3MOICHHS

BuripoMiHioBaHHs B Y® 1 Buaumiii oOnacti. Sk BugHO 3 puc. 3.8, MIBUAKICTH
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doTo3HebapBieHHs O6apBHuKa 3.0 € BUIIO0, HiX 11 6apBHHKA 3.3, IO CBIIYUTH PO
NiABHUIICHHS (OTOCTAOUTFHOCTI TPH BBEJEHHI IEHTPAJbHOIO ME30-3aMICHUKA B

MMOJIIMETUHOBUHA JIAHIIIOT.

D/D,
o
~

1

I I I I I I
0 200 400 600 800 1000 1200 1400

time, sec

Puc. 3.8 ®otoctabinpHICTh MepOLiaHiHOBUX OapBHUKIB: 1 — 6apBHuK 3.0, 2 —

O0apBHUK — 3.3

3.3 ChekTpajbHi BJaCTHBOCTI MePOLiaHiHIB 32 MPUCYTHOCTI OiJIKIB

JocnimkeHHs: payopecleHTHUX BJIACTUBOCTEN MOKa3alo, 110 AojaaBaHHs HSA
301BIITY€ 1HTEHCUBHICTH (IyOpECIICHINI OapBHUKIB: CIIOCTEPIra€ThCs 3POCTAHHS
KBaHTOBHUX BUXOJIB y 8 — 20 pa3iB, a TaK0X 3MILIEHHS MaKCUMyMIB 30Yy/I>)KEHHS Ta
BUMPOMIHIOBaHHS (hiTyopeciieHIlli B 4epBOHY oOnacTh (Tabmuis 3.2). [3omepusaiiis
OapBHUKIB, a TaKOX arperaimiiiHi MpoIecCH Yy BOJHOMY CEpPEIOBUINI MOXYTh
IPU3BOJUTH O OE3BUNPOMIHIOBAIIBHOI KOHBEPCIi S| — So, HACTIAKOM SIKOi € HEBUCOKI
KBaHTOB1 BUXOJM (IyopecieHIlii BUIbHIUX OapBHUKIB. B TO#l e yac HEKOBaJICHTHE
3B’SI3yBaHHA 31 CTPYKTYPOIO ajdbOyMiHy YCKJIaTHIOE oOepTaHHs OapBHUKA HABKOJIO
3B’SI3KIB  TIOJIIMETHHOBOTO JIAHIIOTA Ta 3HIDKYE KOHGOpPMAIiitHYy i30Mepi3alliio B

INOJLIPHUX CCPCAOBHUIIAX. I_[e IIPpUBOAUTL OO0 3POCTAaHHA 1X KBaHTOBHUX BI/IXO,Z[iB
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¢yopecuentii. Omxke, O0aTOXpOMHUH 3CyB MaKCHMyMIB TMOTJIMHAHHS Ta
dbayopecueHIlii, a TakoX 3pOCTaHHS IHTEHCHUBHOCTI (piryopeciieHIlii 1 KBaHTOBHX
BUXO/I1B BKa3y€ Ha B3aeMoiit0 OapBHUKIB 3 HSA.

OCKIJIbKM CHUHTE30BaHI OapBHUKK BUSIBHJINCS YYTIUBUMU [0 albOyMiHY,
BKJIMBO JOCIIIUTH iX CIIEKTPaIbHO-(PIITyOpPECIIEHTHY BIJIMOBIAb HA 1HII CTPYKTYPHO-
nomiOHI anbOyMiHH, a TaKOX Ha TIOOYJsSpHI OUTKHM iHIIO! cTpykTypH. [lormubiene
BUBUYCHHS B3aeMOJil Mik Outkamu Ta QuryopodopamMu Mae BaKJIMBE 3HAYCHHS IS
BUSIBJIICHHSI MEXaHI3MIB 3B’SI3yBaHHSA, PO3POOKH MOKPALIEHUX METOMIB Ta 3aco0iB
BI3yasmi3zaiii. CnekTpaibHi BJIACTUBOCTI MEPOILIaHIHIB TPOAHAJ130BaHI 3a IPUCYTHOCTI
On4adoro cupoBaTkoBoro ans0yminy (BSA), 0ACEKOro CUpOBaTKOBOTO aJIbOyMiHY
(HSA), xincekoro cupoBaTkoBoro ansOyminy (ESA), oBansOyminy (OVA) Ta
mizoumy  (LYS). Bsaemoniro oriHOBaJiM 32  3pOCTaHHSIM  1HTEHCHBHOCTI

bayopecueHIlii MepoIiaHiHOBUX OApBHUKIB 32 MPUCYTHOCTI OUIKIB (Tabmuis 3.2).

Tabnuys 3.2
MakcumyMmu 30y I>)KEHHS Ta BUIIPOMIHIOBaHHS (DITyOpeCIeHITT JITIst
OapBHUKIB y BUTLHOMY CTaHI Ta 3a MPUCYTHOCTI OLIKIB (Aex — MAKCUMYM
30yKeHHSI PITyOpPECUEHINIT; Aem — MAKCHUMYM BUIIPOMIHIOBAHHS

dryopecuennii, QY — KkBaHTOBUI BUXiJl (IyOpecleHIIii)

Bydep BSA HSA ESA
BapBHUKH | Aex, | Aem, Aexs | Aems Aexs | Mems Aexs | Aem,

nm | nm Q¥ nm nm R nm nm | QY nm nm QY
3.0 650 | 665 | 0.01 | 662 | 674 0,09 664 | 677 | 0,10 | 662 | 676 | 0,10
3.1 688 | 704 - 702 | 714 0.19 708 | 718 | 0.16 | 707 | 718 | 0.17
3.2 624 | 644 | 0.02 | 640 | 654 0.21 643 | 657 | 0.17 | 639 | 653 | 0.20
3.3 678 | 694 | 0.03 | 697 | 710 0.41 693 | 709 | 025 | 694 | 708 | 0.33
34 662 | 682 | 0.02 | 673 | 696 0.15 680 | 696 | 031 | 674 | 691 | 0.12
3.5 716 | 730 | 0.01 | 722 | 743 0.11 737 | 748 | 021 | 722 | 742 | 0.13

JlonaBaHHs OapBHUKIB J0 PO3YMHY albOyMIHIB HPUBOJMUTH [0 3MILICHHS

MaKCUMyMiB 30y/DKEHHS Ta BHIPOMIHIOBaHHS (uyopodopiB y JOBTOXBUIHOBY
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00J1aCcTh CIIEKTPY Ta 3pOCTaHHIO KBAHTOBUX BUXO/IB Ta IHTEHCUBHOCTI (PITyOpeCIIeHII ],
[linBuIIeHHS 1HTEHCUBHOCTI (DIIyOPECIIEHTHOTO CHUTHAJIY CIOCTEPIraeTbCsi B
cepeaHroMy y 5-14 pasiB 3a npucytHocTi BSA, B 6 - 24 1 7-13 pa3iB B KOMIUIEKCI 3
HSA ta ESA BianosiaHo.

SAx BumHo 3 puc. 3.9 GapBHHMK 3.2 NEMOHCTpY€ HAWHWKYY (QIIyOpecIeHTHY
BIJIMTOBI/Ib HA BC1 CHPOBATKOBI aibOyMiHu. BusiBieHna crnernudivHicTh OapBHUKIB 10
NeSKUX albOyMiHIB, 30KpeMa, HaHOUIbIle 3pOCTaHHS THTEHCUBHOCTI (piryopectieHiii
CIIOCTEPITra€eThCs MPU B3aeMoli OapBHUKIB 3 HSA.

B Toii ke vac, nocaipKyBaHl OapBHUKHA MPOAEMOHCTPYBAIM MOMITHO MEHILE
3pOCTaHHS IHTEHCUBHOCT1 (DIIyopecleHIlli B MPHUCYTHOCTI OUIKIB IHIIMX KJACIB -
oBaJLOyMiHy Ta jizouumy. Hanpuxnan nogaBanas OVA npuBOAUTE 10 301IbIIESHHS

iHTeHCUBHOCTI (himyopecnenii B 1,5 — 7 pa3iB,a LYS B 1 - 1,5 pasu.

2500 Buffer

] BSA
HSA M -

2000 - ESA

OVA R

T Juys

1500 +

1000 4 | _ N

Fluorescence intensity, a.u

500

0730 31 32 3.3 34 35
Dyes

Puc. 3.9 IurerncuBHocTi (piryopeciieHiiii OapBHUKIB Y BogHOMY Oydepi Ta 3a

IPUCYTHOCTI OUJIKIB

KpiM Toro, crekrpanabHl XapakTEPUCTHUKUA HE 3MIHIOBAINCS MNpPU T0JaBaHHI
MepoiianiHoBux 6apBHUKIB 70 po3unHiB JJHK un PHK, mo cBiguuTh npo BigaCyTHICTH

1X CEJICKTUBHOIO 3B’5IBYBaHHSI.
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3 niTepaTypHHX JaHUX BIIOMO, IO HEUTpasibHI (IIyOpECIeHTHI OapBHUKU
OMDKHBOTO  1H(GPAYEpPBOHOTO  Jllalla30Hy HAa OCHOBI  MEpOIliaHIHy paHille
3alpONOHOBAHI SIK 30HAM JUJISl Bi3yauli3alli arperariB -aMutoigHUX OJSIUIOK in Vivo.
BBakaeTbcsi, M0 MeXaHi3M 3B’sA3yBaHHS MOJSATae B iX 1HTepKaudmii B TiapodoOHi
IIUTMHU arperoBaHuX aMuToiqHux ¢i0pui. Takok MepoliaHiHOBI OApBHUKHU UyTJIUBI
710 3M1H B'I3KOCTI CEPEIOBHUILA YEPE3 POTOPHY MOBEAIHKY MOJIMETHUHOBOT'O JIAHIIIOTA.

Ha puc. 3.10 npoaemoHCTpoBaHE 3pOCTaHHS 1HTEHCUBHOCTI (IyOopecieHIlii

JOCIIIKYBaHUX OapBHUKIB y IIIILEPOJI, METaHOJI1 Ta Oydepi.

3500 [ |buffer
| [ Jethanol _ )
3000 4 |:| glycerol
=
S 2500 ] ] —
ey
&
2 2000 —
k= —
[P]
Q
5 15001 B N B
Z |
_% 1000 -~
[
500 -~
0 4= — ] ’_ ]
3.0 3.1 3.2 33 3.4 3.5
Dyes

Puc. 3.10 InrencuBHocT! (piryopectieHIii 0apBHUKIB y Oydepi, MeTaHOJII Ta

TITIEPOJTi

3pocTaHHsl 1HTEHCUBHOCTI (DIyopecueHlli y Traiueposii BiAOyBaeTbCcsl B
cepeaaboMy B 20 pa3iB B MOPIBHSAHHI 13 (PIIyopecIeHIli€r0 OapBHUKIB Y BOJII. 3MIHH
dbayopecueHIlii nmpu 3pOCTaHHI B’A3KOCTI CEPEeJOBHUINA HAWOUIBbII TOMITHI IS
OapBHHUKIB, 110 CXWJIBbHI IO arperaiiii y BOJHOMY Ce€peIOBHIIl. 30Kpema, i OapBHUKIB
3.0 ta 3.1 B HachigOK pyWHYBaHHS arperariB, CHOCTEPIra€TbCs IMiJBUIICHHS

iHTeHcuBHOCTI (ayopecuenuii B 50 ta 70 pasiB, BianoBigHO. TakuM dYUHOM,
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CHMHTE30BaHI MEpPOIIaHIHA MPOSBISAIOTH BHINY IHTEHCUBHICTH (IyopecueHIii 3i
30UIBIIIEHHSIM B’SI3KOCT1 CEPEIOBUIIIA.

MoxHa TpPUIYCTUTH, IO 3B’SA3YBaHHS JIOCHIIKYBAaHUX MEPOIL[IaHIHOBUX
OapBHHKIB 13 CHPOBAaTKOBUMHU albOyMiHaMH BiJIOyBa€ThCs uepe3 TinpodoOHe
3B’s3yBaHHA OapBHUKA 3 TiAPOPOOHUMH IUISHKaMH TOBEpxHI Ouika. OCKUIbKU
CHUPOBATKOBI AJIbOYMIHU MArOTh CX0KY ITOBEPXHEBY CTPYKTYpPY Ta BUKOHYIOTH I10/110H1
TpaHCHOPTH1 QYHKIIIT, IIJTKOM 3p03yM1IIO, 1110 MU 0a4MMO 3B’ SI3yBaHHS OapBHUKIB, 110
IPUBOJIUTH J10 301IbILIEHHS IHTEHCUBHOCTI (PJIyOPECLIEHIIIT 332 MPUCYTHOCTI BCIX TPHOX
JOCIIKEHUX anbOyMiHiB. Dikcallis B rigpodoOHii KuleH1 O17Ka NEPEIKOKAE PYXY
1 00epTaHHIO TMOJIMETMHOBOTO JIAHIIOTa MOJEeKyJ OapBHuKa. Jljiss OapBHUKIB 13
CXMJIBHICTIO JI0 arperariii iHIKUM MEXaH13MOM I1JIBUILEHHS (IyOopecleHIli MoXe OyTH
pyiiHyBaHHS Cl1a00(IyOpPECIICHTHIX arperaTiB OapBHUKA 3a paxyHOK B3aeMoIii 3
anpOymiHaMu Ta ikcarlii MOHOMepHOi (hopMu OapBHHKA.

Ha ocHOBI ekcniepuMEHTaJIbHUX JaHUX BU3HAYEHI KOHCTAHTU 3B’SI3yBaHHS 3
HSA nns 6apsaukiB 3.0, 3.3, 3.4 ta 3.5 (xoHcTanTH 3B's3yBaHHs, Kp) muisixom
BUMIPIOBAaHHSI ~ IHTEHCUBHOCTI  (uiyopecueHwii OapBHUKIB 13  (PIKCOBaHOIO
KoHIleHTpallieo (5 uM) mpu 3poctanHi konmeHTpamii HSA Bim 0 go 4 wmr/mo.
ExcniepumenTanbHi JaHi OyJdd ampoOKCHMOBaHI 3a JIOMOMOTOw piBHSAHHS (5) 13
NPUITYIICHHAM, 10 KOKHA OIKOBa TI00yia Mae n CaiTiB 3B’sI3yBaHHS OapBHHKA 3
OJIHAKOBUMHU KOHCTaHTaM 3B’si3yBaHHs Kp. Y pe3ynbraTi MiArOHKH BHUSIBHIIOCS, IO
NPUIHATHUX 3HAY€Hb N SK MapaMeTrpa ampoKCHMallii OTpuMaTH He BAayiocs. Tomy
00poOKy JaHUX MPOBOJMIIN 3 BUKOPUCTAHHIM (PIKCOBAHMX ITUIMX 3HAYEHBb KIJTBKOCTI
Mosiekya ¢guryopodopy Ha rio0yiny HSA - n. Halikpainy BiAMOBIHICTh OTPUMAHO JJIsI
n = 4 g ycix OapBHMKIB Ta OLIHEHI KOHCTAHTHU 3B’SI3yBaHHA MpPHU JTAHOMY
¢dbikcoBaHOMY 3HAUYEHHI N.

SAx BuaHO 3 Tabnuii 3.3, 61IbIII 3HAYEHHS KOHCTAHT 3B’ SI3yBaHHS OyJIM OIIHEH1
JUisl OAapBHMKIB, [0 MAalTh YIPYIyBaHHS B ME30-IIOJIOKEHH] IOJIMETHHOBOTO
JAHIIOTA, SKI CHPHUSAIOTH JOJATKOBHUM B3a€EMOJISAM B TiIpoOOHUX KHUIICHSIX

anpOyminy. lLle miaTBepaKye NpUNyUIeHHS NOpO Te, M0 HAWOUIBIIMKA BKIAJL Y
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3B’A3yBaHHS O1710K-OapBHUK BHOCSTH caMe TiApoQoOHI B3aeMOii, AKi 3MEHIIYIOTh

MO>KJIMBICTh MIEPETBOPUTH HAKOITMYECHY €HEPT1I0 B MEXaHIYHe 00epTaHHS.

Tabnuys 3.3

KoncranTu 3B’s13yBanus 6apBuukis 3.3, 3.4, 3.5 3 HSA

BapBHuKH Ky M
3.0 | (1.2%0.1)x10"
33 | (1.120.3) x10°
34 | (62:04) x10°
35 | (43+03) x10°

Takox MM NPUITYCKAEMO, 1110 CAUTH 3B'SI3yBaHHS MOXYTbh MICTUTH MO3UTHUBHO
3apsUDKEH] TPYNHM apriHiHy Ta Ji3WHY, sKi OyJIyTh B3a€EMOJISATH 3 HETaTUBHO
3apsAUKEHUMU KapOOKCWJIBHUMM TpynaMu OapBHHMKA Ta 3a0e3ledyBaTH J0JAaTKOBE

3B'I3yBaHHS B KUIIICHI.

3.4 Moaexkyasspauii 1OKIiHT ¢iyopecueHTHOro 3011y 3.4 o BCiil moBepxHi

MOJIEKYJIM CHPOBATKOBOI0 AJIbOYMIiHY JIKOAMHU

Jug toro 1mo0 igeHTU(IKYBaTH  NOTEHIIMHI  CcalWTh 3B sA3yBaHHS
dbayopecuenTHOr0 6apBHUKA 3.4 13 CHPOBATKOBUM albOyMIHOM JIIOJUHU, IPOBEIACHO
MOJIEKYJIIpHUHM JOKIHT 1O BCii moBepxHi MoJiekyau HSA 3a nonomororo BeG-cepBepa
CB-DOCK (http://clab.labshare.cn/cb-dock/php/index.php).

CupoBaTKoOBi albOyMIHM CKJIAalOThCs 3 MpUOINM3HO 580 aMiHOKHCIOTHHUX
3aJIMIIKIB, 13 SAKUX Maibke 67% 3Haxondarbes B o-cripam. [7oOynspHa cTpykTypa
CHUPOBATKOBUX aTbOYMiHIB BKJIIOYAE IIICTh BUTKIB 13 17 nUCyIbhiTHUMUA MICTKaMH B
MOBTOPIOBaHIA MOCHIAOBHOCTI 3 9 merenb. TpeTWHHa CTPYyKTypa CHPOBATKOBHUX
anpOyMiHIB CKIIafaeThes 3 TphoxX momeHiB I, 11 1 I11 anamoriuHoi CTPYKTYpH, KOXKEH 13

SKUX MICTUTh cyOgoMenu A 1 B, 1o ckinamgaroTecs 3 4 1 6 a-criipaieid, BiAMOBIIHO.
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VY pesynbTaTi MPOBEACHHS MOJEKYISPHOTO JOKIHTY (hIyOpecIeHTHOTO 30H/a
3.4 1o BCili TOBEpXHI MOJICKYJIU CHPOBATKOBOTO albOyMiHY JIFOJUHU 1IEHTH(IKOBAHO

5 HalOLIBII IMOBIPHUX KHILIEHD 3B’ s13yBaHHs (puc. 3.11).

Komens 1
(remin-
3B'A3VEAILHHR
caiir)

Kumens 5

Knmensn 3

Kumensn 4

Puc. 3.11 [loTeHmiitHi kueHi 38’ s3yBaHHs (iryopeciieHTHOro 6appHuka 3.4. Ha

MOBEPXHI MOJIEKYJU CHPOBATKOBOTO aTbOYMIHY JIFOUHU

3riIHO 3 JaHUMHU MOJIEKYJISPHOTO JOKIHTY HalKpalile 3HauyeHHS CKOPHHTOBOI
¢yHKIiT (CymMa MDKMOJIEKYJSIPHUX e€JEeKTpocTaTuyHuX Ta Ban ngep BaambcoBux
B3a€EMO/Ii}) BUSBJICHO ISl KUIIIECH] 1, 0 € reMiH-3B’sI3yBAJIbHUM CalTOM 1 CTAHOBUTH
—10,2 xkay/mMoab. 3HaUEHHST CKOPUHTOBOI (PYHKITIT /TSl KUTIIEHB 2, 3, 4 1 5 CTAaHOBIISITH
BIAITOBITHO -7,9 KKalI/MOJIb, -7,8 KKaJl/MOJb,-7,7 KKaji/MOJIb Ta -6,4 KKan/MOJIb.

JleTanbHO  JOCHIKEHO  KOMIUIEKCH  (IyopecleHTHOro OapBHUKa 13
aMIHOKHUCIIOTHUMHU 3aJTUIIKAMU TIepe10aueHnX KUIICHb 3B’ I3yBaHHS.

SAx BunHO 3 puc. 3.12, a cnonyka (QIKCyeTbCsS B TE€MIH-3B'A3yBaJIbHOMY CaMTi
(kumens 1) 3aBasgku rigpoPOOHUM B3aEMOJISAM 13 aMIHOKHCIOTHUMH 3ajJUIIKAMU
Leul82, Tyr138, Ile142, Argl86, Leull5 ta Argl17. Ik moxxna 6auutu 3 puc. 3.12, 6
Mosiekyia QuyopeciienTHoro 3o0Hay 3.4 B KkumieHl 2 3aaisHa 'y ¢GOpMyBaHHI

riapodoOHNX B3aeMOiH 13 amiHOKUCIOTHUMH 3anutikamu Argll14, Leull2, Prol10,
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His146, Lys190, a Takox yTBOproe Boanesi 3B’ s13ku 3 His146 1 Argl45 Ta n-anion, -

katioH B3aemoii 3 Glu425 1 Argl86, BianmoBiaHO.

He142

Leut82 JF

Arg186

Glu425

Puc. 3.12 Kommnekcu ¢uryopecieHtHoro 6apBauka 3.4 13 aMiHOKUCIOTHHUMU

3anuIIKamMu B kuieHi 1 (a) ta 2 (0)
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Ha puc. 3.13 300paxeHo komriuiekc (iyopecieHTHOTO OapBHUKa 3.4 3
aMIHOKHUCJIOTHUMU 3aJIMIIKaMu kutieH1 3 (a) ta 4 (0).

e Lys545

Lys541
/ Vald09

\ Ala406 \
/ \ \ — l'
= 4
=P | A
= by \\
' #,Lys414
\"'.
Arg410 |
a

Glu465

o

Puc. 3.13 Kommiekcu ¢uryopeciieHTHOr0 OapBHUKA 3.4 13 aMiHOKHCIOTHUMU

3aJIMIIKaMHK B KuIieHi 3 (a) ta 4 (0)

Cnonyka ytBoproe rizpodooHi Bzaemonii 3 Glu542, Lys545, Lys541, Ala406,

Val409, a Takox m-kaTioH B3aemoiro 3 Lys413 ta Boanesi 38 s3ku 3 Arg410 1 Lys414
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B kumeHi 3 (puc. 3.13, a). Y kumeni 4 cnonyka (IKCYe€TbCS 3a y4acTi T-aHIOH
B3aemoninn 13 Glu465, Aspl07, rimpodobHOTO KOHTakTy 3 Lys466 Ta yTBOprO€
BOoJiHEBUH 3B's130K 13 GIn32 (puc. 3.13, 0).

[Ipu anamizi KOMIUIEKCY (DIIyOpeCIEeHTHOTO 30HAY 3 aMIHOKUCIOTHUMH
3JIMIIKaMHA KUIIeH1 5, Ha puc. 3.14, moMmiTHO, IO CHOJIyKa yTBOPIOE TipodoOH1
KoHTakTH 3 Lys162, Lys159, n-karion B3aemonito 3 Lys159, m-anion B3aemoniio 3

Glul7, a Takoxx BojHeBi 3B's13ku 3 3 Lys159 ta Glul32.

Lys159

Puc. 3.14 Kommnekcu iyopeciienTHoro 6apBHuka 3.4 13 aMiHOKUCIOTHUMH

3QIAIIKAMM B KHAILIEH] 5

I'apodoOni B3aemonii OapBHHMKA 3.4 13 aMIHOKMCIOTHUMM 3aJUIIKaMU B
KUIIEHAX albOyMiHy TpeacTaBiieHl (i0JETOBUMH MyHKTUPHUMU JIIHISIMH, BOJHEBI
3B'SI3KM — 3€NCHUMH TMYHKTHUPHUMH JIiHISIMH, €JCKTPOCTaTHYHI — YEPBOHHMH
MYHKTUPHUMHU JTIHISIMHA, T-KaTiOH Ta T-aHIOH B3a€MOJII1 — OPaH)KEBUMHU IMMyHKTUPHUMUA
JHISIMHU.

Kommnieke ¢ayopecuentHoro 3oHay 3.4 B TeMIH-3B'A3yBajJbHOMY CauTi
CHUPOBATKOBOTO albOyMIiHY JIOJWHU, OTPHUMAaHHUN 3a JOTIOMOTOI) MOJEKYJISIPHOTO
JOKIHTY, BUKOPUCTAHUN NIJISI PO3PAaxXyHKIB MOJICKYJISIPHOI TWHAMIKH TIPOTSATOM 2 HC

(puc. 3.15, a, 6, 8).
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Puc. 3.15 Pe3ynbrat MOJCIIOBaHHS MOJEKYJSPHOI JUHAMIKA KOMILJIEKCY
CUPOBATKOBOr0 albOyMiHY JIOAUHU 13 (UIyOpecleHTHUM OapBHUKOM 3.4 B reMiH-
3B'SI3yBAJILHOMY CaiiTi: CEepeAHbOKBAIpATUYHE BIIXWICHHS JraHAa BiJ CTapTOBOI
no3unlli (@), 3HaAUYEHHS CYMH MDKMOJICKYJISIDHUX €JIEKTpPOCTaTUYHUX Ta Ban nep
BaanbscoBux B3aemo/1iii (0) Ta kKapTa BOJHEBHX 3B s13K1B: A — Lys161 NZ —O2 niranaa,
B—-Lysl61 NZ-0O1,C—Argl69 NE—-NI1,D—-His170 NE2 — N1, E—-His170 NE2
— N2, F — Arg210 NE — N2, G — Arg210 NH1 — N1, H — Arg210 NH2 — N1, J -
Vall40 O - 02 (s)
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3a pesynbTaTaMu MOJIEKYJISPHOI JUHAMIKY BUSBUIIOCS, M0 KOMIUIEKC € CTAOUTBHIM,
HE CXWJIBHUM JI0 IMCOIIiaIlli, OCKIJIbKU CEePEeIHHOKBAIPATUYHE BIIXUIICHHS JIiraHa Bl
CTapTOBOI1 MO3UIII KOJUBAETHCS HE B 3HAUHKUX Mexax (puc. 3.15, a).Ilpu monentoBaHHi
KOMIIJIEKCY TPOTATOM 2 HC CIIOCTEPITa€ThCs 3HMKEHHS CEPeTHhOTO 3HAUEHHS EHEePT1i,
0 € CYMOI MDKMOJIEKYJSIpHUX eJeKTpocTaTuuHux Ta Ban nep BaanbcoBux
B3aemoin, 13 -200 xJx/momb 10 -250 xIk/MOJb, O CBITYUTH MPO CTabOLTIZAIlO
koMmriekey (puc. 3.15, 6). Ilpu anami3i KapTh BOJHEBHX 3B’S3KIB BUSBHIOCS, IO
bayopecueHTHU 30HI 3.4 MOXKE KOPOTKOYACHO (opMyBaTH BOJHEBI 3B’SI3KU 3
Lys161 (puc. 3.15, 6, A, B), Argl69 (puc. 3.15, g, C), His170 (puc. 3.15, 6, D, E),
Arg210 (puc. 3.15, 6, F, G, H), Val140 (puc. 3.15, 8, J).

OTxe, A7 AOCTIIXKYBAaHUX MEPOLIIaHIHOBUX OapBHUKIB BUSBUIN Yy TJIUBICTH J10
3MIHH B’S3KOCTI CEpPEIOBHINA, 10 TPOSIBIIOCSA Y 3HAYHOMY 3pOCTaHH1 IHTEHCUBHOCTI
bayopecueHiii 3a paxyHOK YTPYAHEHOTO POTOPHOTO oOepTaHHs
MaJOHOJIHITPHIBHOTO (parMeHTy, a TakKoX pyHHYBaHHIO He(IyOpeCeHTHUX
CCHIBIUCBUX arperariB, IO YTBOPIOIOTHCS Yy BOJHOMY cepemoBumii. I[Ipore
KOHLIEHTpalisi anbOyMiHIB, IO BUKOPHCTOBYBAJacsi B XOJlI E€KCIIEPUMEHTIB, HE
M1JBUIIY€E B’SI3KICTh PO3YMHY HACTUIBKH, II00 1IOTO OYJI0 TOCTATHRO JJISI TIOMITHOTO
3pOCTaHHsI KBAHTOBUX BUXOIB (PiryopeciieHIrii.

Ponp anbOyMiHy, cKopill 3a BCe, NOJISITA€ Yy MEPElIKOKAHHI acouialii
OapBHHKIB y BOgHUX po3unHax [168]. Takok, MOKHA MPUIYCTUTH, IO AITBOYMIHU
YTBOPIOIOTh CTIAKI KOMIUIEKCH 3 OapBHUKaMHU, B AKUX Gayopodop KOPCTKO
(IKCy€eTbCs TUIBKM y BUIJISIII OJHOTO 130Mepy. Y BUINAAKY (pikcauii TpaHc-130Mepy,
B110yBa€ThCS Pi3KE 3pOCTAHHS IHTEHCUBHOCTI (DJTyOpECICHITIT, TOJII IK Y BUNIAKY IIHC-
130Mepa, HaBIakW, BIAOyBaeTbcs TylIHHS (ayopecuenuii [169]. Perenbhe
JOCITIJIKEHHS B3a€EMOJIiT MK albOyMiHOM 1 OapBHUKAMH Ma€ Ba)KJIMBE 3HAUCHHS IS
MOKpAIlleHHs] METOJIIB Ta 3aco0iB Bi3yaiisailii, OCKUIbKH 3B’SI3yBaHHSA 3 OlIKaMH

IJIa3MU BIUTMBA€E HA KIHIEBY (PapMOKIHETHUKY 1, OTKe, Ha 010pO3MO/I1LII.
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3.5 JociaigkeHHs KJIITHHHOI NPOHUKHOCTI 0aPBHUKIB Ta IX HIUTOTOKCHYHOCTI

31aTHICTh MEPOIIaHIHOBUX OapBHUKIB MPOHUKATHU Ta papOyBaTH KUBI KJIITUHU
BUBYAJU 3a JOMOMOIOI MPOTOYHOI IUTOMETPii BUKOpPUCTOBYIOUHM JiHII0O A2780.
KouTponp BiacHoi ¢uryopecieHIlii KIITHH MPOBOJAUBCS 3 BUKOPUCTAHHSM aJTIKBOTH
JIIMCO (Puc. 3.16, 3enenuit mpodins). Pesynpratn nokasanu, mo 6apsuuku 3.3, 3.4
Ta 3.5 npoHUKarTh y KITHHHU. Lle cympoBOMKYyeTbCs 3pOCTaHHSIM IHTEHCHBHOCTI
dayopecteHIlii y 4epBOHOMY CIEKTpaJIbHOMY aiama3oHi. Barpo 3a3HaunTtH, M0
OapBHuK 3.1 He BAaJoCs BUSBUTH, IO MOXHA TMOACHUTU SK HOTO CJIa0KOIO
(dayopecueHIiio y BOTHOMY Oydepi, Tak 1 HETPOHUKHICTIO Yepe3 KIITUHHY MeMOpaHy.
bapBuuk 3.2 Takox HE Bi3yasli3yBaBCs, OCKITBKA HOT0 MaKCHMyM MOTJIMHAHHSA
3HAXOAMUTHCS 3a MEKaMU 30yI>)KEHHS YePBOHOT O Jia3zepa JaHoro npuiany. OKpiM Toro,
HEOOX1THO BIIMITUTH, 1110 JTOCHIJ TPOBOAUBCA Y 0€3CHPOBATKOBOMY CEPEAOBUIII ISt
KyJIbTUBYBAaHHS KIITUH, OCKUJIBKH 32 TPUCYTHOCTI (PETaNbHOI CHPOBATKU

bayopeclieHTHUH curHaia OapBHUKIB OYB HU3BKHM.

Plot P02, gated on P01.R1

o
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So'® e 102 107 104

Red Fluorescence (RED-HLog)

Puc. 3.16 Kimitunna miHiz A2780 mnodapOoBaHa MepoliaHIHOBUMHU
OapBaEKamMu: KTiTHHE 00po6eHi JIMCO - 3enenuii nmpodiis, KIiTHHA 00pooIieHi 3.3.-
YKOBTUM TIPO1Ib, KIITHUHU 00po0OieH1 0apBHUKOM 3.4 — CUHIN TTpodiab Ta KIITHHU 3

0apBHHKOM 3.5. — uepBoHuii mpodinb. Konuenrpauis 6apsuukis 0.5 uM
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HocnipxkenHs 3 BukopuctaniaM MTT peareHTy npoBoAWMM [isi BU3HAYEHHS
IIUTOTOKCUYHOTO e(eKTy OapBHHUKIB BUKOPHUCTOBYIOYHM KIITHUHHY JiHit0 MCF-7
(ameHOKapIIMHOMA MOJIOYHOI 3a51031) (puc. 3.17). OcKinbKU MPOHUKHEHHIO OAPBHUKIB
70 KJIITUHU MOXKE 3aBa)KaTH 3B’SI3yBaHHS 13 (PETAIILHOIO CHPOBATKOIO, JTOCIIIKECHHS
UTOTOKCUYHOCTI MPOBOAWIN y OE€3CHPOBATKOMY CEpEAOBHINI AJiA 3a0e3MeUeHHs
MaKCHUMaJIbHOI MPOHUKHOCTI OapBHUKIB y KIITHHU. [HKyOaIio KIiTUH 3 OapBHUKAMU
3MIMCHIOBANIM MPOTATOM 100U, B miama3oHi koHmeHTpamii Big 0.1 mo 10 uM. Hami
KJIITUHU TpoMuBaiu Ta gojgasanu MTT-pearent (20 MK 3 KOHLIEHTPALIEIO 5 MI/MI).
Kurtre3naTHicTh KIIITUH, IHKyOOBaHUX 0€3 00p0oOku OapBHHKaMu npuiiManu 3a 100%.
s 060X JociiKyBaHUX OapBHUKIB HE BHUSBICHO TOKCUYHOTO €(EKTy Ha KIITHHU

HaBITh NPU HAUBUILUX KOHIEHTPALISX.

100

BwxuBaHicTb KNiTUH,%
(3]
o

0.1 1.0 5.0 10.0
KoHueHTpauis, mkM
Il GapsHuk 3.2 =3 6apBHYK 3.4

Puc. 3.17 BwxuBanicts kmitTuH miHii MCF-7 micna inkyOamii 24 ron 3

6apBaukamu 3.3 Ta 3.4

Otxe, 6apsauku 3.3 Ta 3.4 npoHUKaTh y KniTHHA A2780, TIPO 0 TOBOPUTH
3pOCTaHHS YEPBOHOTO (PIIyOPECIIEHTHOT'O CUTHATY B MMPOTOYHOMY IUTOMITYyOpUMETDI,
a Takox, 3a pesyiabratamu MTT-TecTy, BOHM HE MPOSBISAIOTH TOKCHYHOCTI IIO
BiHOmeHHIO 110 KmiTuH MCF-7 micns 24-roguHHOoi 1HKyOAaIlii B JOCIIIKYBaHOMY

Jiara3oHi KOHIICHTpAIIii.
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3.6 ®uayopecueHTHa MiKpockomnia 6apsHuKiB 3.3 Ta 3.4 nus papoyBaHHsA

KJIITUH

st bapOyBanHs sxuBuX KIITUH A2780 (KapIIMHOMH SI€YHUKIB), 00paHi JBa OapBHUKH
3.3 ta 3.4, OCKIJIbKM BOHU Maju BUCOKY BillacHy ¢ayopecueniiito. Kmituau A2780
crepury iHKyOyBanucsa 20 xBuiuH 13 OapBHUKamu 3.3 uyu 3.4, KOHIIEHTpAIllsl SAKUX
ckinagana 1 pM, mami momaTkoBO 1HKYOyBalIMCA 13 MITOXOHJApIaJbHUM OapBHUKOM -
ponaminoM-123 ta snepuum 6apBHukoM Hoechst3342. Jlami KAITHHY AB1Y1 TPOMUBAIH

oydepuum pozunnom PBS Ta nomgaBanu cBixky nopiito HBSS (2 mu).

Puc. 3.18 ®nyopecuentre 300paxkens kimitud A2780. Kmitunu 3abapsiieHi
Hoechst 33342 (a, 0), Rhodamine 123 (6, e), 6apsuukamu 3.3 (8) ta 3.4 (¢) Ta
00’eHane 300pakeHHs OapBHUKIB 3 poaamiHoM-123 Ta Hoechst 33342 (e, o)

KonnenTpanisa 6apBaukis - 1 pM

@iryopecleHTHI 300pakeHHs 3p00JIeH1 3a I0NoMOror GuIbTpiB: €x 625-655/em

665-715 nm (HaCMYEHO-4EPBOHUI) ISl BUSBIEHHS JTOCII)KYBaHUX OAapBHHKIB, €X
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335-383/em 420-470 nm (cuniit) mrs BusBineHHs Hoechst3342, 450-490/em Ta 500-
550 nm (cuHiit) ans BUsIBICHHS pojaaMiny-123 (puc. 3.18).

Sx BunHO 3 puc. 3.18, 6apBHHKHK 3a0apBIIOIOThH KIITUHY, P LIbOMY BOHHU HE €
cnenu@iuHUMHU J10 sapa. AHaIi3 KOJOKOII3allli Ha KIITHHAX 00poOIeHnX 0apBHUKOM
3.3 BusBUB OUTbII HU3bKE 3HAUCHHS KoedirienTa kopesiii [lipcoHa, mmo MaB cepeHe
snaueHHs 0,78+0,10 , Toxi six nns 6apBuuka 3.4 koedimient kopemnsuii [lipcona ckias
0,85+0,05. Lli pe3ynbratd BKa3ylOTh Ha Te€, IO AOCIIKYBaHI OapBHUKH JIHIIE
YaCTKOBO  KOJIOKANI3ylOTbCSd 31 CTaHAAPTHUM OapBHUKOM Ui Bizyamizaiii

MITOXOHAPIM.

OTxe, CIUPalOYMCh Ha MPEACTABICHI Pe3yJIbTaTH, MOKHA 3pOOMTH BUCHOBOK,
0 CTPYKTypa Me30-3aMiCHHKa B ITOJIMETHHOBOMY JIAHIIO31 BILIMBAE HE JIMINEC Ha
CIIEKTpaJIbHI BJIACTMBOCTI OAapBHMKIB, a TaKOXX Ha X 3JaTHICTh JO HEKOBAJICHTHOI
B3aemonii 13 anpOymiHamu. Ilpu nOpIBHSAHHI OapBHHKIB 13 (PEHUIBHUMH Ta
nudeHITaMIHHUMHA TPyMaMyd BHUSBIICHO, IO 3pOCTaHHS JIMo(iIbHOCTI OapBHUKIB
CHEpIly TPHUBOJIUTH JO 3pPOCTAaHHS KOHCTAHT 3B’SI3yBaHHSA, aje Il HaHOLIbII
ninodiapHOTO O0apBHUKA 3.5 3HAUCHHS KOHCTAHTHU 3B’SI3yBaHHS 3HIKYETHCS. MoOXHA
NPUITYCTUTH, IO MABUIIEHHS JIMOQIILHOCTI CIPHUSE YTBOPEHHIO OUIBIN CTIHKHX
acoliariB y BOJHOMY CEPEIOBHILI, SIKI HE BCTUTalOTh 3pYHHYBAaTUCS 33 MPUCYTHOCTI
anbOyMiHY B yMOBaX €KCIIEPUMEHTY.

Beenenns aromy xmiopy B O0apBHHK 3.1 MPUBOAUTE 10 0ATOXPOMHOMY 3CyBY
MaKCUMyMIB MOIJIMHaHHSA Ta (ayopecueHuli. Ilpore XxapakrepHum miis AaHOTO
OapBHHMKA cTaja MOsBa SCKPABO BUPAKEHOI'O0 HEPIIYOPECIEHTHOIO MAaKCUMyMy Y
BOJTHOMY CEpEJIOBHIII, 1110 BiJIMOBiAae yrBopeHH0 H-arperariB. Biuue cepenoBuiia
Ha CHEKTpaJbHI BJIACTUBOCTI (IopodopiB MOKHA BUKOPUCTOBYBATH [JISl PIZHUX
XIMIKO-010JIOTTYHMX 3ajia4, MPOTEe TEHJICHIS 0 YTBOPCHHS CTIMKHMX arperariB y
Oydepi Oapamka 3.1 HE J03BOJISIIOE BUKOPUCTOBYBATH HOTO SK PEAreHT IS
OloBi3yasri3alii KJIiTHH.

OkpiM BIUIMBY ME30-3aMillICHHSI B TMOJIMETHHOBOMY JIAHIIO31, BU3HAYCHUM

BIUIMB CTPYKTYpHU KIHLEBOrO rerepoaromy. 3okpema OapBHuku 3.2 Ta 3.4 13
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Tia30M111IHOBUM  (parMeHTOM MPOJAEMOHCTPYBAIM HaWMEHIIY CXHWJIBHICTH [0
YTBOPEHHSI arperariB y BOJHOMY cepeaoBuini. OgHaK rnepeBaror 0€H30Tia30JI0BOTO
dbparmenty 6apBuukiB 3.0, 3.1, 3.3 Ta 3.5 € 3MilIEHHS iX MAKCUMYMIB MOTJIMHAHHS B
YEPBOHY CIIEKTpalibHy 00JacTh. OTXke, cepel MPeACTaBICHOTO Py MEpOIliaHIHIB
HaWOLIBII TEPECTIEKTUBHUMH BUsBHIIMCS OapBHUKM 3.3 Ta 3.4, 10 Majiu TrapHy
PO3UMHHICT, Y BOgHOMY Oydepi Ta BHCOKY BIacHy (uyopecueHLilo. Ix 6yio
JOCTDKEHO sK peareHTH Ui Bizyamsamii kmituH A2750 3a  J10MOMOroro
¢dayopecueHTHOi Mikpockomii. O0unBa OapBHUKM TAapHO NPOHUKAIA B KIITHHY,
YaCTKOBO KOJIOKQTI3yBAJIUCS 13 MITOXOHIPISIMU, a TakoX (GapOyBau 1HII OpraHenu
nuToruiazMu. OKpiM TOTO, Ha OCHOB1 OapBHUKA 3.4 Ta TIIOKO3aMiHY, CUHTE30BaHUN
KOH’IOraT, IO MPOHMKaB uepe3 MeMmOpaHy KIITHH 1 3agpapOOBYBaB €JIEMEHTH
nuToruiazMu. OTKe, TpeACTaBieHI OapBHUKM MOXYTh BHUKOPUCTOBYBATHCS SIK
MOTEHIIIMHI peareHTH I Bizyasizallii KJIITHH, a TaKOX SK MPHUIIUBOYHI 30HAM IS

BHUBUYEHHSI 010pO3M0ILITy HEBEJIMKUX MOJIEKYI.

3a pesyabTaTamMu A0CHiIKeHb 0ONY0/JIIKOBaHI HACTYIIHI HAYKOBI npaui:

Syniugina A., Chernii S., Losytskyy M., Syniugin A., Slominskii Y., Balanda A.,
Ozkan G., Mokhir A., Kovalska V., Yarmoluk, S. “The synthesis and study of novel
merocyanine probes for protein detection and cells visualization” Journal of

Photochemistry and Photobiology, 2021, 7, 100046; DOI1:10.1016/.jpap.2021.100046.
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PO3/ILI 4

CKBAPAIHOBI BAPBHUKU

JIo BHYTpPIIIHBOIOHHUX OAapBHHKIB, OKpPIM HEWUTPAJIbHHUX, BIIHOCATH TAKOXK
OeTaiHoBI (I[BITTEp-HOHHI1) OAPBHUKH, B SKUX OPTraHIYHUN KAaT10H 1 aHIOH 3’ €THaHI MIXK
co00I0 CHUCTEMOI0 KOH IOTOBAaHMX 3B’SI3KiB, a iX IMO3UTHUBHI Ta HETaTHUBHI 3apsau
PO3MOINIeH] 10 aToMax Xpomodopy. HasBHICTh pi3HOWMEHHHX 3apsi/IiB 1 MOKIIUBICTh
iX Jokamizamii B PI3HUX YacCTHHAX MOJICKYJIH OOYMOBIIOE TIOSIBY IOCTIHHOTO
JUIIOJIBHOI'O MOMEHTY, aJie B IIIIOMY O€TaiHOB1 MOJIEKYJIU € €J€KTPOHEUTPaTIbHUMU Ta
ICHYI0Th 6€3 mpoTuiiony. TumnoBuMu mpecTaBHUKaMK OETaTHIB € OAPBHUKHA HA OCHOBI
CKBapaiHOBOI KHUCIIOTH — CKBapaiHOB1 (CkBapuiieBi) 6apBHUKH. [IpecTaBHUKH 1IBOTO
KJIacy 3HAXOJSITh IMPOKE 3aCTOCYBAaHHS B O10JIOTTYHUX Ta MEIUYHUX JTOCTIIKCHHSX,
OCKIJIbKM MarOTh BHUCOKI KOE(DIIlIEHTH MOJIAPHOI €KCTHUHKIII Ta KBAaHTOBI BHUXOJU
dbayopecuenilii, GOTOCTIUKICTh Ta 3JaTHICTh B3a€EMOJISATH 3 010MAKPOMOJIEKYJIAMHU.
OxpiM TOro, CKBapaiHU TAKOXK XapaKTEPHU3YIOTHCA 37aTHICTIO /10 TeHepallii akTHBHHUX
dbopm kucHio (ADK) mig yac ompoMiHEHHs CBITJIOM 1 aKTUBHO JOCIIJIKYIOTHCS SIK
dboTocencubmizaTopu y poToauHamiuHii tepamii [173]. [HTeHCUBHO pO3p0OIIAIOTHCA
MeToau Moau(ikanii XiMi4HOT CTPYKTYPH CKBapaiHiB [Is 361nbenHs reHepanii 'Oz i
A®K. 3a3nauvaerbcsi, 1m0 3aBASKH TUIOCKIA Ta TiApodoOHINA OyJ0BlI CEepHO3HOIO
po0IEMOI0 ITPU BUKOPUCTAHHI CKBapaiHOBHX OAPBHHUKIB € 1X arperaitis, 1o moripirye
CIIEKTPAIbHO-TTIOMIHECIIEHTHI 1 (oToauHaMiuHI  BJacTUBOCTI.  Po3ymiHHS
arperamiiHoi TNOBEAIHKA OapBHUKIB y PO3YHMHI Ma€ Ba)XJMBE 3HAYEHHS A
ONTHMI3allii IIMX BIACTUBOCTEM.

VY mnpoueci BUKOHAHHSI JucepTalliifHOI poOOTH CHUHTE30BaHI Ta JOCHTIIKEHI
CUMETpPUYHI CKBapaiHOBI OapBHUKU 3 1HJIOJICHIHOBUMHU Ta OEH31HI0JICHIHOBUMHU
reTEPOLMKIAMHU 13 3aMICHUKAMU, M0 MICTATh TiApodoOHi 1 rigpodiasHl TPyNU IpH

rerepoaromi. Sk rinpodoOHI OIYHI 3aMICHUKH JOCHIJKYBAJUCS CIOJYyKH 13
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QIKUIbHUMU paJIiKaJlaMH PI3HOI JOBXHHHM, a SIK TIAPO(QUIBHI - aJIKUIbHI paguKaiy 13
KapOOKCHUIIBHUMH, CyJb(orpynamMu 4Yd UYETBEPTUHHMMH coJisiMH amoHioo. Lle
JT03BOJIMJIO OL[IHUTH BIUIMB MPUPOIY OIYHUX 3aMICHUKIB Ha iX 3B’ A3yBaHHs 13 OUTKaMH,

MPOHUKHICTh y KIITHHH Ta 3aTHICTh reHepyBatu ADK.

4.1 CuHTe3 iHI0JEHIHOBUX CKBapaiHiB

CuHTe3 CUMETPUYHHUX 1HJOJIEHIHOBUX CKBapaiHOBUX OapBHUKIB LTIOCTPOBAHO
Ha puc. 4.1. Cnepmy koMmepuiiiHO AocTynHUM 1HAoseHiH (1) ankutyBaimu 6-
OpOMI'€KCaHOBOIO KUCIOTOIO 4d 3-0poM-N,N,N-Tpuetuiponas-1-aminiid OpomiaoMm,
1100 OTpUMaTH BiANOBIIHI YeTBEPTHUHHI coui 2 1 3. Jlani mpoBOIUIN KOHACHCAIIII0 MiX
BIAMOBIAHUMU N-3aMIIIEHUMH COJIIMM 1HAOJIIO Ta CKBApaiHOBOK KHCIIOTOIO 3
orpuMaHHsaM OapBHUKIB 4.1 Ta 4.2. bapBHuK 4.3 CHHTE3yBaJM TiAPOTI30M OYTHIOBOTO

ectepy 4.1 IAXOM KUIT ITIHHA Y XJIOPUIHINA KHCIIOTI.

_ O O
+Br j:i
) —_— _ —_—
N Br{ n-BuOH, toluene,
reflux
1
Et)sNt - e O
(EDT g, 2 Br N(Et)s 4.2 (Et)3NBr—

n-BuOH, toluene,
reflux

@?ﬁj:f

Puc. 4.1 Cxema cunTe3y ckBapaiHoBUX OapBHUKIB 4.1 — 4.3
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4.2 ChnexktpajJbHO-(JIyopeCleHTHI BJaCTHBOCTI iHA0JeHIHOBUX CKBapAaiHiB

CTpyKTypH 1H0JIEHIHOBUX CKBapaiHOBUX OApBHUKIB IIPE/ICTaBIICHI Ha puc. 4.2.
bapBauk 4.1 MICTUTh €CTEpHI 3aMICHHKH, IO JIO3BOJISIE MOJIEKYJI B IIJIOMY
3QIMIIATHCS €JIEKTPOHEUTpaIbHOI, OapBHUK 4.2 13 3aMICHMKaMH, IO MICTITh
YepBEPTUHHI COJIi aMOHil0 Ta OapBHHK 4.3 13 KapOOKCUIBHUMH TPyNH Ha OIYHUX

AIKUIbHUX 3aMICHUKAX.

o o

4.2 4.3

Puc. 4.2 CtpykTypH 1H10JICHIHOBUX CKBapaiHiB

CrekTpalnbHi BIACTUBOCTI AAHOrO psay OapBHUKIB HaBeAeHl y Tabmuui 4.1. Y
METaHOJII MAKCUMYMH TMOTJIMHAHHA OapBHUKIB 3HaX0JAThcs B o0nacti 631 - 633 HwM,
OapBHUKHM XapaKTEPU3YIOThCS BHCOKMMM 3HAUYCHHSIMU MOJIIPHHX KOE(DIIIEHTIB
ekctuHKIT (2,5 — 3,1-10° M lem™).

Tabnuys 4.1
CrekTpanbHi XapaKTEPUCTUKU OAPBHUKIB B METAHOJI1 (Aaps —MAKCUMYM

MOTJIMHAHHSA, Aem — MAKCUMYM BUIIPOMIHIOBAHHS, € — KOE(IIIEHT MOJSPHOT

CKCTHHKIIIT)
BapBHuk MeOH
U Aabs, Aem, g,
nm nm 10°Mlem
4.1 631 648 3,1
4.2 633 645 2,5
4.3 631 | 645 3




95

EnekTpoHHi CHeKTpy MOTIAMHAHHS MAalOTh THUIOBY Ui OpTaHIYHUX OapBHUKIB
yHiBepcaJabHy (POpMY CMYTM — IHTEHCUBHY, BY3bKYy, aCUMETPUYHY 3 KOJIMBAJIbHUM
MaKCUMYMOM Ha KOPOTKOXBWUJIbOBOMY cnaii (puc. 4.3). He 3Bakaroun Ha Te, 11O
Ipe/ICTaBlICHUN psij OapBHUKIB MOTJIWHAE B obOyacti 10 650 HM, MpoTe HASIBHICTH
OCHOBHUX, KMCIIOTHUX, a TAK0X HEUTPaAJIbHUX 3aMICHHUKIB, JO3BOJINJIA OL[IHUTH BIUIUB
OyaoBu OapBHHKIB Ha iX MOBEAIHKY B MPUCYTHOCTI TNIOOYIApHUX OLTIKIB Ta 3aTHICTh

MPOHUKATH Yepe3 MeMOpaHy KIIITHH.

1,0 - 1.0

o
[« ]
1

Lo.8

o
[
1

0,6

o
o~
1

- 0.4

Normalized absorbance
Normalized fluorcscence, a.u.

o
[N
1

0,2

0,0 T T 0,0
600 700
A, nm

Puc. 4.3 HopmanizoBaHi ClIeKTpH MOTJIMHAHHSA (3711Ba) Ta (uryopecieHiii (crpasa)

B METAHOJI1 Ha MpuUKIaai bapBHUKa 4.1

KpuBi nornuHaHHs Ta BUPOMIHIOBaHHS (uIyopecleHilii 1 OapBHUKIB 4.2 Ta
4.3 y 6ypepHOMY pO34HnHI IICHTHYHI KPUBUM B METaHOJI (puc. 4.4, a), TOJI K CIIEKTP
norfavHaHHs OapBHuka 4.1 y Oydepi 3MIHIOETBCS: 3aMICTh OJIHIET PI3KOI CMYTH
3’ SIBJISIETHCS IIIMPOKA cMyTa 3 IBoMa MakcuMmyMamu nipu 603 ta 639 um (puc. 4.4, 6).
KpuBa dmayopecieniii npu mbOoMy 3alIHIIAETHCA BY3bKOIO, IO CBITYUTH PO
(bayopecleHIlito MOHOMEPHUX OJMHUIIL B PO34MHI. [HTEHCUBHICTD (IyOpecCIeHIIil y

BOJHOMY CEPEIOBHUILI 3MEHILYETHCS A yC1X OapBHHUKIB.
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a o
Puc. 4.4 HopwmaiizoBaHi CIHEKTpH TIOTJIMHAHHSA Ta (IyopecueHIli y
OydepHomy po3uuHi GapBHUKIB 4.2 (dopHa umiHis) 4.3 (duepBoHa JiHIA) (a) Ta

6apBuuka 4.1. (6)

4.3 ChnekTpaJjibHi BJaCTUBOCTI iH/10JICHIHOBMX CKBAPAaiHIB 32 MPUCYTHOCTI

OlJIKIB

B 3anexHocTi Big Oy10BM O1YHUX 3aMICHUKIB CIIEKTpaJIbHA MOBEAIHKA OapBHUKIB
3MIHIOETBCA 3a MPUCYTHOCTI OMYavoro cupoBaTkoBoro anbOyminy (BSA). Ilpu
JOJaBaHHI 70 PO3uMHY aibOyMmiHy OapBHHMKa 4.3 BiIOyBa€TbCsl 3POCTaHHS HOTO
KBaHTOBOTO BUXOAY (hIyOpecIeHIlii 0aTOXPOMHE 3MIICHHS MAKCUMYMIB ITOTJIMHAHHS
Ta ¢ayopecteniii Ha 16 Ta 13 M, BignoBigHo (Tabmuis 4.2).

[Ipu nonaBanni GapBHuka 4.1 10 po3unHy BSA makcumyM NOrJIMHAHHS B
KOPOTKOXBMJIbOBIM 00JAaCTl, 10 YTBOPIOEThCA B pE3yibTaTl arperauii OapBHHKA B
OydepHOMYy pO34YMHI, 3MEHIIYEThCS 1 BIIOYBA€THCS 3POCTAHHS JIOBTOXBHUJIBOBOTO
MaKCHMYyMYy, III0 TOBOPUTH MPO PyHHYBaHHS arperaTiB Ta Mepexia MoeKya OapBHUKA
y MoHOMepHHil cTtaH (puc. 4.5). B pesynbrari yTBOpeHHS HEDIyOpECICHTHUX
arperatiB 0apBHUK 4.1 Mae ciiaOKy emicito y BOJHOMY Oy(depi, IpoTe iIHTEHCUBHICTh

Ta KBAaHTOBHI BUX1J1 (PITyopecueHLIl 3pOCTal0Th 3a NPUCYTHOCTI aIbOyMIHY.
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Tabnuys 4.2
CrnexTpanbpHi XapaKTepUCTUKU OapBHUKIB B Oy(epHOMY pO3UMHI Ta B IPUCYTHOCTI
anbOYMIHY (Asbs —"MAKCUMYM IOTJIMHAHHS, Aem — MAKCUMYM BUIPOMIiHIOBaHHA, QY —

KBaHTOBHI BUX11 (PIIyopeciieHilii)

bapsuuku | bydepnuii pozunn (pH B npucythocti BSA
7.9)

Xabs, 7\,em, QY Xabs, kem, QY

nm nm nm nm

603/63

4.1 9 645 |~ | 639 | 646 | 0.12
4.2 625 640 0.04 625 642 0.06
4.3 624 | 642 | 0.03 | 640 | 655 | 0.29

Haii6inpm sickpaBuMm BusiBucs OapBHuK 4.2. [IpoTe mpucyTHICTH anbOymiHy
IPaKTUYHO HE BIUIMHYJIA HA OTO CIIEKTpaibHI BIACTUBOCTI. 30KpEMa, MOJIOKEHHS Ta
IHTEHCUBHICTh IOr0 MaKCMMYMIB MOTJIMHAHHS Ta (QIyOpECLEHLI] HE 3MIHIOIOTHCS, a

3pOCTaHHS KBAaHTOBOT'O BUXOJY (piryopeciieHIlii He3HauHe.

1,0

o o o
=~ @ o
L 1 1

Normalized absorbance

o
[N]
1

0,0 {— T :
500 600 700

Puc. 4.5 3miHu Gpopmu CieKTpiB MOTVIMHAHHSA B OypepHOMY po3unHi (CyIiIbHA
JiHis) Ta 3a mpucyTHocTi BSA (mynkTupHa miHis) 11t 6apBHUKIB 4.1 (YepBOHA JTiHISN)

Ta 4.3 (YopHa TiHIA)
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Ha ocHOBI1 OTprMaHHX 3HaY€Hb IHTEHCUBHOCTEH (piryopecueHLii OapBHUKIB IIPU
3pocTaHHi KoHIleHTpalii BSA (npu cramiii koHIleHTpalii 6apBHUKIB 5 UM), oliHEeH1
KOHCTaHTH 3B’s3yBaHHS QuyopodopiB 13 OMuayuM aibOyMiHOM. 3HAUEHHS! KOHCTAHT
3B’si3yBanHs (Tabmuusa 4.3) po3paxoBani npu (ikcoBanomy n = 1. Heemuka
BIJIMIHHICTh KOHCTAHT 3B’si3yBaHHsA 4.3 Ta 4.1 TOBOpPUTH MPO CXOKUK MEXaHI3M
3B’si3yBaHHsA. B Toil ke uac ana OapBHuKa 4.2 3HaueHHS Ky, BUSBUIIOCS CYTTEBO
MEHILIAM.

Tabnuys 4.3

KoncranTtu 3B’ s13yBanHs O0apBHUKIB 4.1 — 4.3 3 BSA

Bapsuuku | Ky, M!
41 | (53£1,4)10°
42 | (6,7£13)10°
43 | (3,420,4)10°

Otrxe, B pesynbTari B3aemojii OapBHuka 4.1 13 OuWyauyuMm anbOyMiHOM,
CIOCTEpITAa€ThCA 3MIHA CHEKTpPIB MOIJIMHAHHSA Ta 3pOCTaHHS 1HTEHCHUBHOCTI
dayopecueHIlii 3a paxyHOK pyWHYBaHHSI arperaTiB OapBHUKa Ta HOTO TEpexill B
MOHOMOJIEKYJIsipHui BuA. JKopcTka (ikcanis MoJeKyad B TiApopOOHHMX KHUIIEHSX
anbOyMiHY MPUBOAMTD 10 3pOCTaHHS KBAaHTOBOTO BUXOJYy OapBHUKA MPAKTUYHO B 12
pasiB 1 ioro komiuiekc 3 BSA € HaliMiIHIIIMM, [TPO 10 FTOBOPUTH HAWBUILE 3HAYECHHSI
KOHCTAHTH 3B’sI3yBaHHs. 3pOCTaHHSI KBAHTOBOT'O BUXOy OapBHUKA 4.3 1pu B3aeMO/I1i
3 anpOyMiHOM BifOyBaeThbesi B 10 pasiB. HeBenuka BiAMIHHICTE MK 3HAUYCHHSAMH
KOHCTaHT 3B’si3yBaHHA OapBHUKIB 4.1 Ta 4.3 roBOpUTH MPO CXOXKUH MeEXaHI3M
3B’s3yBaHHS. B TOW ke 9Yac MM MPUITYCKAEMO, IO MO3UTHUBHO 3apsypKeHl O1vHi
3aMICHUKH OapBHUKA 4.2 yTBOPIOIOTH Ha TOBEPXHI albOYMIHY €JIEKTPOCTaTUYHI
B3a€MO/I1i 1 HE MPOHUKAIOTh BCEPEIUHY OLIKOBOI riI00yiu, abo BUIITOBXYIOThC 13 ii
riapohoOHUX KUIIIEHB, PO IO CBITYUTH HAWMEHIIIE 3HAYCHHS! KOHCTAHTH 3B'SI3yBaHHS

13 BSA.
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4.4 ®ayopecueHTHa Mikpockomnisi 0apBHUKIB 4.1 — 4.3 nisa papOyBanHs

PaKOBHUX KJIITHH

Ha xritunsii niHlT A2780 32 10moMoror0 (GiayopeciieHTHOT MIKpOCKOITIi TOCTiKeHa
MIPOHUKHICTh OAPBHUKIB B KJIITHHY (KOHIIEHTpaIlis 6apBHUKIB craHoBmwia 1 uM). Ilpu
OJIHAKOBHMX HaJAIITYBAHHIX MIKPOCKOIA curHan 6apBHuka 4.1 OyB 3apeecTpoBaHuii B
KIIITUHAX, cUTHan OapBHUKA 4.3 crocTepiraBcs JMIE TpHU 3MiHI HaJAIITyBaHb, a
OapBHMK 4.2 B KIITHHI HE Bi3yaiizyBaBcs. JlJi1 BUBYEHHS BHYTPIIIHbOKJIITUHHOI
Jokam3auii 0apBHuKa 4.1, B KJIIITUHYA BBOAUBCS TaKOXK cTaH1apTHUM 6apBHUK Hoechst,
o 3B’s3yeThes 3 snaepHoro JHK Ta 3enenuit ¢uiyopecuieHTHHIT MITOXOHApiaIbHO-

cnenugiunuii 6apsBauk MitoTracker Green (puc. 4.6).

Puc. 4.6 dnyopecuentne 300paxkeHHs kiituH A2780. KiituHu 3abapBiieHi
oapeaukoMm 4.1 (a), Hoechst 33342 (6), MitoTracker Green (8), Ta 00’emHaHE

300paxkeHHs (2). Konuenrpariist 6apBHUKIB - 1 uM

SAx BuaHO 3 puc. 4.6 6apBHUK 4.1 JTOKaTI3Y€ThCS Y IUTOILIA3MI 1 HE IPOHUKAE B
PO — COUIBHOT JoKami3anii 3 6apBHukoM siaepHoi JIHK He criocTepiraeTbes, Takox
BiH HE BUSIBUB CIIUTBHOI1 JIOKaui3allii 3 6apsuukom MitoTracker Green.

3a jgomoMoror KOH(OKaIbHOI MIKPOCKOII JOCHIPKEHa TMPOHUKHICTH

ckBapaiHniB a0 kmitTuH MCF-7 3a koHueHTpailii 6apBHukiB 5 UM (puc. 4.7).
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Puc. 4.7 KondokanpHe 300paxenns kimituH MCF-7. Knituau 3abapBieHi

O0apBHukamu 4.1, 4.2 ta 4.3 (a), knitunu 3 6apsaukoM Hoechst 33342 (6) Ta 06’ eHane

300pakenHs (8). Konnenrparrist 6apBHUKIB - 5 uM

bapeuuku 4.1 Tta 4.3 NpOHUKAIOTH 0 KIITHHH, JIOKATI3YIOThCS B LUTOIUIA3MI Ta HE

MPOHUKAIOTH B siipo. OnHAK, curHay O6apBHUKA 4.2, 110 CIIOCTEPIraBCcs B KIITHHAX,

3aMIIaBcd Cla0KUM HaBiTh 3a KoHIeHTpauii 5 uM. MoxiauBo 1e moB's3aHo 13

00'eMHUMH OIYHUMU TpylaMu, 10 CTEPUYHO YTPYIHIOIOTH MPOHUKHEHHS MOJIEKYJIN

bayopodopy uepe3 MmeMOpaHy KIIITHH, MPOTE TaKOX, 4yepe3 Moro coyboBy (Gopmy i,

BIJIIIOBIJTHO, FTAPHY PO3YMHHICTD y BOJI1, MOKJIMBE 1Or0 BAMUBAHHS 111 4aC IPOMUBKHU

KIIITHH MPOTATOM €KCIIEPUMEHTY.
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4.5 ChexkTpajbHO-(JIyopecueHTHi BJACTUBOCTI O€H3iH10JeHIHOBUX

CKBapaiHiB

VY poboTi nociiaKyBaau HU3KY OE€H301HI0JICHIHOBUX CKBApUIII€BUX OapBHUKIB
3 rigpodooHumu (4.4 — 4.6) Ta rinpodinbauMm (4.7, 4.8) 3amicHHUKaMK TIPU reTepoaTomi

(puc. 4.8).

Puc. 4.8 CtpykTypu O€H31HI0JIEHIHOBUX CKBapaiHiB

BuOip 6eH301H10JE€HIHOBO1 KIHIIEBOI TPy OOYMOBJIEHUN THM, 110 OApPBHUKHU
Ha 11 OCHOBI MarOTh HU3bKY TOKCHYHICTb, 30KpEMa HIMPOKOBXKHUBAHUN Y METUIIMHI
indocyanine green (ICG), 3a10BUIbHO PO34YUHHI Y (Di310JIOTTYHOMY PO3YHUHI 1 MAIOTh
BHCOKI KBAHTOB1 BUXO/AH (PJTyOPECIICHIII1.

BBeaenns apomMaTH4HOrO KUIbLA B siAPO Quryopodopy 04iKyBaHO MPUBOIUTH J10
0aTOXPOMHOTI0 3MIIIEHHS] MAKCUMYMY TOTJIMHAHHS B MOPIBHSHHI 3 1HAOJEHIHOBUMU
CKBapaiHaMH: MAaKCUMyM TIOTJIMHaHHS OeH3iHmoiapbHOro OapBHuUKa 4.8 i3
cyibdorpynamMu Ha OIYHOMY 3aMICHUKY, 3MimeHud Ha 30 HM B JOBrOXBHJIBOBY
YaCTUHY CIIEKTPY B MOPIBHSHHI 3 WOro iHAOJEHIHOBUM aHanoroMm 4.4. Yci oOpani

OapBHHUKK B METAHOJII MOTJIMHAIOTH B 00nacTi 660 — 680 uHM, MOJISIpHI KOedIli€EHTH
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eKCTHHKIII GapBHUKiB 4.4 — 4.6 3Hax0naTHCA B mianasoni (0,41 - 0,87)x10° Mlem™.
Brenenns rizgpodibHUX TPy B O14HI 3aMICHUKU TPUBOJUTD J10 3pOCTAHHS MOJIIPHUX
Koe(ilieHTIB eKCTUHKILI 1 cTaHoBIATHL 1 Gayopodopis 4.7 Ta 4.8 1,87x10° Mlem”
'ta 2,3x10° M'em™! BigmosigHo.

Ha puc. 4.9 HaBeneHo CHEKTpU TOTJIMHAHHS JOCIIIPKyBaHUX OapBHUKIB Y

MmeTaHo (a) Ta 0ydepi (6).
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A, NM
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a o
Puc. 4.9 CnexkTpu NOrjauHaHHS JOCHKyBaHUX (uyopodopiB y MeTaHOIII

(HOpMOBaHi crieKkTpH, a) Ta 'y BonHomy Oydepi 13 pH 7,9 (6)

CriekTpu AOCHIIKYBaHUX CIIOJIYK Y METaHOJI MaioTh CXO0X1 (OpPMH KPHBHX
MOTJIMHAHHS 13 IHTEHCUBHUM MaKCUMYMOM 1 CJIA0KMM KOPOTKOXBHJILOBUM ILIIEYEM, ITI0
XapakTepHo i MOoHOMepHOi ¢dopmu. Crnexkrp OapBHUKa 4.4 HANOUIBII MOMITHO
BIJIPI3HSETBCS K 3a (DOPMOIO TaK 1 3a pO3TALIyBaHHSAM MAaKCHUMyMYy IOTJIMHAHHSL.
Ckopiln 3a Bce 1€ TOB'SI3aHO 13 MOXJIMBICTIO YTBOPEHHSI BHYTPIITHROMOJIEKYJISIPHUX
BOJTHEBHX 3B'SI3KIB MK aTOMaMHU T1APOreHy Ta OKCUTEHY.

VY OydepHomy posuuHi (puc. 4.9, 6) KpuBi CIEKTPIB MOTIWHAHHSA OApBHUKIB 4.4,
4.5 Ta 4.6 3a3HAIOTH 3MiH, SKI € XapaKTepPHUMHU I CIOIYK 13 T1ApodoOHUMH
3aMICHUKaMH. A came, 3aMICTh OJHI€] P13KOi CMYTH 3’ SIBJIAFOTHCS JIB1 LIMPOKI CMYTH,
mo 3MimeHi Ha 30-40 HM y KOPOTKOXBWJIBOBY Ta JOBTOXBWUJIBOBY OOJacTh B

NOPIBHSHHI 13 MAKCUMYMOM IOTJIMHAHHA B MeTaHOJ1. B Toil xe yac 11t payopodopis,
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mo MictaTh cynb(onatHi (4.7) un xapOokcunbHi (4.8) rpymu, ¢opMu crekTpis
noriuHaHHsA B Oydepl moaiOHI 70 TaKMX B METAHOJI, 3a BHHATKOM IOSIBH O1JIBII
BUPAXEHOTO KOPOTKOXBUIILOBOI'O MIHOPHOTO MakcumMymy npu 612 HM 1 GapBHUKA
4.7 ta 611 am miis 6apBHUKa 4.8. OTXxe, arperaiiist JaHuX OapBHUKIB y Oydepi € MeHIIT
IHTEHCUBHOIO, Yepe3 HASBHICTh MOABIMHUX HETATUBHUX 3apsiiB KapOOKCHIbHUX Ta
Cynb()OHATHUX TPYII, SIKI BUKJIUKAIOTh KYJIOHIBCHKE BIAIITOBXYBAHHS MOJIEKYJ, IO €
pyHHIBHUM Jytst arperaitii ¢iryopodopis.

BaxxnuBuM 11 G10JI0TTYHOrO BUKOPHUCTAHHS € JOCIHIHKEHHS PO3YMHHOCTI Y
BOJHOMY CEpEAOBMILI Ta BUSBJICHHS BHECKY arperaiii OapBHUKIB y iX CIEKTpaJibHI
XapakTepucTuku. Yci ¢payopodopu 3 riapopoduumu 3amicHukamu (4.4, 4.5 ta 4.6)
MPOSIBUIIA CXOXKY KOHIICHTpAIIHHO-3aJIe)KHY MOBEAIHKY Y BoAHOMY po3uuHi. Ha puc.

4.10 moka3aHa 3aJie)kHa BiJl KOHIICHTpAIlii arperaiis Ha mpukiaai giyopodopy 4.5.

0.4

— 1 mkM
T 5 mKM
—7 MKkM
— 10 mkM
O3 15 maM
— 25 MKkM

0,2 +

Absorbance

0,1

040 T - T T T T
500 550 600 650 700 750

A, nm

Puc. 4.10 3anexxHa BiJ KOHIIEHTpallii arperaiis 6appHuka 4.5 (1-25 uM) Ta

BIJIMOBIAH1 3MIHU CIIEKTPY MOTJIMHAHHS

30utbLIeHHs KoHIeHTpaii Bix 1 uM 10 25 pM npu 20°C npuBOAUTSH A0 NEPEXOAY MiX
MOHOMEpHUM (A max mpu 670 HM) 1 arperoBaHuM cTaHoM (A max npu 624 um). Ilpu
HIDKYUX KOHILIEHTpAIisX, MounHaoun 3 1 pM, MoHOMepHa opMa JOMIHYE y CIIEKTpI
nornuHaHHsA. [lpu koHmenTpauii 7 pM onTMYHa TYCTMHAa MOHOMEpPHOTO Ta

arperoBaHoro MaxkcuMyMiB (iyopodopa 3HaAXOAAThCS B piBHOBa3i. Lle moxe
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BKa3yBaTW HAa TEPMOJMHAMIYHY PIBHOBary Mi>k MOHOMEpPHHUM 1 arperaTHUM CTaHAMH.

Big 10 uM y cniekTpi 1oMiHYy€ arperopasa ¢opma.

4.6 CunexkrpajJbHO-(iyopecueHTHi BJacTUBOCTI ryopodopiB 3a NPUCYTHOCTI

rJ00yJasipHUX OiJIKIB

[Ipu nopiBHSIHHI (IYyOpPECLEHTHUX BIACTUBOCTEW y Oy(depHOMY cepeloBUIIl
MPEJICTaBICHOTO psny OapBHUKIB Oyl BUSIBICHI HU3bKI 3HAYEHHS 1HTEHCHUBHOCTI
dbayopeclieHTHOTO BUTIpOMiHIOBaHHS cnonyk 4.4, 4.5 1 4.6, 1m0 3yMOBJIEHO
YTBOPEHHSM HE(PIIyOPECLIEHTHUX arperatiB y BOAHOMY po3uuHi (Tabmuus.4.4). Toni
SIK IHTEHCUBHICTH (hyopeciieHIlii 6apBHuKIB 4.7 Ta 4.8, siki mepedyBaroTh NEePEeBaKHO
y ¢dopmi MoOHOMEpPY, 3HAa4yHO BUIA. MakcumMymH 30yJKEHHS (IuIyopecLeHIii
ToCDKyBaHUX (yopodopiB 3HAXOAAThCA B Jiama3oHi 662-673 HM, a MaKCUMyMHU
BUIPOMIHIOBAHHS 3HAXOMIThCA B obsacti 675 - 690 M, 3 HeBenMKUMU CTOKCOBUM
3cyBoM (12-17 Hm).

Ockinbku  mpeacTaBieHi  ¢ayopodopu  MOTJIMHAIOTE B OJMDKHBOMY
1H(payepBOHOMY CHEKTPAJIbHOMY Jiana3oHl, BOHM MOXYThb 3aCTOCOBYBATHCS SK
noTeHIiiH1 poToceHcubim3aTopu 1715 HOTOAMHAMIYHOI Teparii, a TaKOXK K ONTHYHI
areHTH Jy1s 61oBizyasnizaiii. OJTHUM 13 MeXaHI3MIB JOCTaBKH (POTOCEHCHO1113aTOPIB B
PAKOBY KIIITUHY € iX HEKOBAJIEHTHA B3a€MO/I1s 13 alibOyMiHaMu KpoBi. Takuii KOMILIEKC
OUTOK-0apBHUK MOXE HAKOMUYYBATHCS B MyXJIMHI B HACTIOK €(EKTy TMOJETTIEHOTO
MPOHUKHEHHS 3a paxyHok macuBHOI nudy3ii (EIIP) yepe3 xapakTepHi s MyXJavH
KanuIsipHi MOPH 301IBIIEHOTO PO3MIPY Ta MiABUIIEHOTO META00J113My PAKOBUX KJIITHH.
Tomy BaxknuBUM € aHasi3 B3aeMoiil (hiryopodopiB 13 OikaMu pi3HOI Oy10BH.

Yei  pmochimpkyBaHI  CIIONYKM — MOKAa3ajd — MIJIBUIIEHHS  1HTEHCHUBHOCTI
dayopecieHIlii B IpUCyTHOCTI CHPOBATKOBUX anbOyMiHiB (Tabnuis 4.4). Haitbinbie
3pOCTaHHS CHocTepirajgocs s OapBHUKA 13 METWIBHUMHU 3aMICHUKaMH MIpH

rerepoaTomi - 4.5 (588, 169 1460 pa3is 111 BSA, HSA 1 ESA, BianoBigHoO).



105

Tabnuys 4.4
CrniexTpaibHi BIacTuBOCTI piryopodopiB y Oydepi Ta 3a IpUCYTHOCTI CUPOBATKOBHUX
anbOyMIHIB. (Aex —MAKCUMYM 30yJKEHHS (DIyopecueHIli, Aem - MaKCUMYM

BUTIPOMIiHEHHS (iyopecteHtlii, | — IHTeHCUBHICTH QIyOpecIeHITiT)

oydep BSA HSA ESA
Bbapeu
e xex, }\em, 1(), xex: 7\4€m> IBSA; xex, }\em, IHSAs xex: }\aems IESAs
Ipsa/ly Lnsa/lo Igsa/ly
nm nm a.u. nm nm a.u. nm nm a.u. nm nm a.u.

4.4 665 | 678 | 4,6 @ 684 | 698 64 13,9 671 @ 675 105 22,8 | 681 # 686 | 338 73,5
4.5 673 | 690 | 2,7 666 | 671 | 1600 | 588 | 668 | 674 | 461 169 | 667 | 673 @ 1250 460
4.6 668 | 682 | 18,8 | 670 | 680 | 162 8,6 672 | 680 | 125 6,6 672 | 678 | 367 19,5
4.7 662 | 675 | 675 | 682 | 692 | 5250 | 10,5 | 678 @ 688 | 4700 9.4 682 688 | 3850 7,7

4.8 661 | 672 | 672 | 682 | 690 | 5600 8,2 680 687 | 5000 7,3 683 | 687 | 5200 7,6

Cnonyku 4.4 ta 4.6 nponemonctpyBanu crenudiunicts 10 ESA (73,5 1 19,5
pasiB, BIAMOBIAHO). LlikaBO BiJ3HAYMTH, IO HE3BAXKAIOUM HA OJIM3BKY CTPYKTYpY,
BSA, HSA ta ESA, payopodopu 4.4, 4.5 ta 4.6 no-pisHOMY pearyroTh Ha IPUCYTHICTh
IIUX CUPOBATKOBUX aibOyMiHiB. bapBuuku 4.7 Ta 4.8 npoaeMOHCTpyBaIl IPAKTUYHO
OJIHAKOBE 3pOCTaHHs 1HTEHCHUBHOCTI (prmyopecuenuii y npucytHocti BSA, HSA Ta
ESA, npote 11e 3pocTaHHs BUSBUIIOCS HUKYKUM, HDK JJI HepUIMX Tpbox cnoiyk. Lle
MOXHAa MOSICHUTH 3HaYHO BHUILIOIO BIACHOIO (piryopectieHIiero ganux ¢piayopodopis.

VYci npencraBiaeHl OEH31HIOJIEHIHOBI CKBapaiHU MPOSIBUIM MOMITHO HUXYY
IHTEHCHUBHICTH (IyopecieHIlii B mpucyTHOCcTI OVA, sSkuil CTpyKTYpPHO BIJIPI3HAETHCS
BiJI CUPOBAaTKOBUX aibOyMiHIB (Tabnuus 4.5). Bunstkom € GapBHUK 4.5, 1Jis SIKOTO
Oyno BusiBieHo 102-xkpaTHe 30UIbIICHHS BHUIPOMIHIOBaHHS (iyopecieHiii B
kommuiekcax 3 OVA. nsa 1Hmux ¢GayopodopiB 3pocTaHHS 1HTEHCHUBHOCTI
¢yopecuentii B npucytnocti OVA He nepesuiryBaio 29,6 pasiB. doyopecuentHa
BIJIMOBIb JOCTIHKYBaHUX (DiryopodopiB Ha JII30IMM TAKOX CHUIBHO BIIPI3HSIACS:
MIJBUILIEHHSI IHTEHCUBHOCTI (piiyopecleHuii cnocrepirajiocss B 67 pa3iB y BHUMNAJIKY

OapBHuUKa 4.5, asie B 2,4 pa3u U1 1HIIUX TPbOX OAPBHUKIB.
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Tabnuys 4.5
CrnekTpaibHi BIacTUBOCTI piryopodopiB y Oydepi Ta 3a IpUCYTHOCTI TII00YIIPHUX
OUIKIB (Aex —MaKCUMYM 30yDKEHHS (PIIyOpECLICHIII1, Aeém - MAKCUMYM BUIIPOMIHEHHS

dayopecueHnitii, [ — iHTEHCUBHICTD (PJTyOpeCIICHIIIT)

LYS BLG OVA

Aexs Aem, Iys, | 1Irvs/ Aexs Aem, IeLg, | Isrc/ Aexs hem, | lova,
Tova/ly
nm nm a.u. Iy nm nm a.u. Io nm nm a.u.
4.4 693 705 11,2 2.4 683 698 15,7 3,4 675 678 123 26,7
4.5 660 671 181 67 669 677 15 5,5 673 676 277 102
4.6 673 678 20,5 1,1 675 689 18,6 0,99 674 680 557 29,6
4.7 662 674 675 1,3 662 674 812 1,6 677 681 1700 3,4
4.8 661 673 760 1,1 676 681 1500 2,2 676 682 2000 29

44 693 705 11,2 2,4 683 698 15,7 34 675 678 123 26,7

Jlns Beix mpencrabieHux ¢uyopodopiB npucytHicts BLG npusBoauia mautie
710 HE3HAYHOTO MiJIBULIICHHS IHTEHCUBHOCTI ¢uryopecuentii (1o 5,5 pasis). Hapermri,
JUTSI yCiX TOCHIIPKYBAHUX CIIOTYK HE BUSIBJICHUH CIIEKTPATbHUN BIATYK HA TPUCYTHICTh
JIHK uyu PHK, mo cBiguuth npo mMoxiuBicTh ix 3acrocyBaHHs sk ®C mna OUT,
ockibku B3aemoaiss OC 13 JTHK morke npu3BoauTH 10 NOSIBU OHKOT€HHUX MyTalli}.

Jlns HaWOUIbII YyTJIMBOTO Ta CHEIU(IYHOrO J0 CHUPOBATKOBUX abOyMIHIB
bayopodopy 4.5 nociimkeHa B3aeMojis 3 albOyMiHOM Ta 11 BIUIUB Ha arperaru
OapBHUKA, 110 YTBOPIOIOTHCS Y BOJHOMY CepeJOBHII. /[ 11bOro BUMIpsHI CIIEKTPH
nornuHadHs (puc. 4.11, a) ta ¢ayopecuenmii (puc. 4.11, 6) 3a nmpucytHocti BSA B
koHUeHTpauisax Big 0 1o 30 uM.

31 30inblIeHHSIM KOHIeHTparii BSA crnocrepiraeTbCsi mepepo3moiin Mix
MaKCMMyMaMH TOTJuHaHHs arperatHoi ¢opmu dayopodopy (618 HM) 1 Horo
MOHOMepIB (676 HM). TakuM yMHOM, cHOCTEpIraEMO 30UIBIIEHHS MKy MOHOMEPHOI
dbopmu uryopodopy 31 301IbIIIEHHSIM KOHIIEHTpaIlli O11Ka, a TMiK arperoBaHoi Gopmu

(618 um) HaOyBae ¢hopmu 1I€4a OCHOBHOTO TIKY (676 HM).
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Puc. 4.11. 3mi"u criekTpiB OTJIMHAHHSA (@) Ta CeKTPiB dayopecueHilii (6) (Aex

= 630 um) 6apsHuka 4.5 (5 uM) 13 nonaBanusam BSA (Big 0 1o 30 uM)

[TapanenbHO CHOCTEpITa€ThCS 3POCTAHHS 1HTEHCHBHOCTI  (hIyopecleHiii
¢dyopodopy 4.5 31 30unpIeHHIM KOHIIEHTpalii BSA B MakcumywMi nipu 668 HM, 110
BIJIMOBIIa€ MOHOMEPHIH (hopmi OapBHUKA. B pe3ynbTaTi HEKOBaJICHTHOI B3aEMO/IIT 13
BSA BinOyBaeThcs pyiiHyBaHHS HEQIIyOPECLIEHTHUX arperariB 0apBHUKA, a O1aJIbIIIe
3pOCTaHHS IHTEHCUBHOCTI (DJIyOpECLEHIIT MOHOMEPHOTO (i1yopodopy HalliIMOBIpHilIe
MOB’s13aHO 13 OOMEXEHHM OOEpTaHHSIM MOJICKYJIH OapBHUKA, M0 (IKCYEThCS Ha
OinkoBi r00ymi. Ile kopemtoe 13 arperamiifHOO MOBEIAIHKOIO, 3aJIeKHOIO Bij

KOHIIEHTpaIlii ButbHOTO (hiryopodopy 4.5 (puc. 4.10).

4.7 OuiHKa KOHCTAHT 3B's3yBaHHsA OapBHHKIB 3 BSA

KoncranTu 3B’ s13yBanHs 3 BSA orineni aiis giyopodopis 4.5 ta 4.7, OCKIIbKH
BOHU MPOSBUIM HABUILY CIIOPITHEHICTH IO JAHOTO anb0yminy. O6pani guryopodopu
MalTh OJHAKOBUH Xxpomodop, mpore BiApi3HAIOTECA N,N’-3aMiCHUKaMH, 1110
MPU3BOJANTH JI0 PI3HUIN B po3mipi Ta 3apsiai (4.5 € HelTpansbHuUM, Toal K 4.7 Mae
NO/IBIMHUI HETaTUBHUU 3apsij). bapBHUKM BUSBWIM PI3HUN CHEKTPAJIbHUI BIATYK Ha

npucyTHicTh BSA (mnsa cnionyku 4.5 Igsa/lo cranoButs 588, Toxi sk miis cnonyku 4.7
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—10,5). Ilpote e He 060B’A3KO0BO 03HAUa€ ciadie 3B’ A3yBaHHA 4.7 3 abOyMiHOM, a
3YMOBJICHE CKOpillle BHUIIMM 3HA4YeHHSIM BUIbHOI (Quyopectenmii lo, OCKUIbKH

bayopecueHTHHI 30HA 4.7 € epeBaKHO MOHOMEPHUM Y BOJHOMY PO3YMHI, TOM1 SIK

4.5 cuibHO arperye (K 0O0roBOPIOBANIOCS BHIIIE).

11-1 7000 1 -1,
3000 0 . ] ——————
' e e 6000
2500+ T —=— experiment 1 / —=— experiment
1 /e fitting 50001 ——— fitting
20004 W /
{1/ 40004 |
15004 % {J
| 3000 ;;'
{
1 |
0 K = (2.4 £ 0.6)x10° M" 2000 K=(3.0+03)x10°M"
n = 3 (fixed | n = 6 (fixed
500+ 7 il 1000{® b
1m
U " T ) T ) T ) : ) | j J 04 T T v T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
a 4]

Puc. 4.12 3anexuicts I[-lp Bim konuentpauii BSA Ta ii anpokcumariis
piBHsHHSIM (5) mius duyopodopi 4.5 (a) Tta 4.7 (6). I ta lp — 1HTEHCHUBHOCTI

dbayopecueniiii  guayopodopy y mnpucytHocti BSA Ta BuibHOro dayopodopy

BIIMOBiAHO. AnpokcuMaliis Oysia BUKOHaHa i (pikcoBaHUX 3Ha4eHb n = 3 11 4.5 Ta

n=6 nis 4.7

JInst oIiHIOBaHHS KOHCTAHT 3B's3yBaHHS OapBHHKIB 4.5 1 4.7 3 BSA 00po0Oky
JAHUX MPOBOJIMIIM 3 BUKOPUCTAHHIM (DIKCOBAHUX LIJIMX 3HAYEHb KUIBKOCTI MOJIEKY
bayopodopy Ha rodyny BSA - n. Halikpaiy BiIlIOBIAHICT, OTPUMAHO JUisi n = 3 y
Bunaaky 4.5 ta n = 6 ansa 4.7. [{ng nux 3Ha4YeHb N, KOHCTAHTa 3B'A3yBaHHs Oyja
ouinena sk (2,4 = 0,6)x10° M qna 4.5. a (3,0 +£ 0,3)x10° M s 4.7 (puc. 4.12).

Buxopsiuu 3 BiqHOCHUX 3Ha4eHb Kb, MOKHA MPUITYCTUTH, IO MEXaHI3M 3B’ SI3yBaHHS
bayopodopy 13 BSA mnonsrae y B3aemonii xpomodopy OapBHHKA 13 O1IKOBOIO
r100yJoro 6e3 nmoMitHoi ydacti N,N’-3amicHukiB 4.7 y 3B’g3yBaHH1. [Ipu npomy He

ciif 3a0yBatu, 110 JIJ1s1 KosKHOTOo huryopodopy nepeadadanocs 3B'a3yBaHHs 3 PI3HUMHU

MICISIMA TJ00yJIM 3 OJHAKOBOK KOHCTaHTOIO 3B'A3yBaHHS. MiX THUM, LUIKOM
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MO>KJIMBO, 1[0 Y BHUIMAJKY KOXXHOTO OKpeMoro (iayopodopy 3B’s3yBaHHS OApBHUK -
OLIOK XapaKTepU3yeThCs pI3HUMH 3Ha4eHHIMU Kb BITHOCHO KOKHOTI'O OKPEMOT0 CailTy

3B’ SI3yBaHHSI.

4.8 MoJuekyasipauii JOKIHT ()J1yOpecueHTHOr0 3011y 4.5 1mo BCiil MOBepPXHi

MOJIEKYJIM 0M42490r0 CHPOBATKOBOI0 aJLOYMiHY

VY pe3ynbTaTi MpOBEEHHS MOJIEKYJISIPHOTO JOKIHTY (IyOpECIEHTHHX 30HIB
4.5 ta 4.7 mo Bcii MOBEpXHI MOJEKYJIM OMYAYOro CHUPOBATKOBOIO aJbOyMIHY
11€HTU(IKOBAHO 5 HaOLIbII IMOBIPHUX KHILIEHB 3B’ SI3yBaHH4, 51Kl 300paKEHO Ha pHC.
4.13. Cniz BIAMITUTH, 1O 11 KUIICH] BUSABUIUCS CIIUIBHUMU JJIs1 000X CIOJIYK.

3rifHo 3 pe3ydabTaTaMd MOJIEKYJSIPHOTO JOKIHTY HalKpalle 3Ha4eHHs
CKOPHUHTOBOI (PYHKIIIT OyJI0 BCTAHOBJICHO JJISl TE€MIH-3B’A3yBAJIIBHOTO CAMTy (KHIIIEHI
1), mo cranoButh —11,2 kkan/mones s OapBHuka 4.5 Ta -10,7 kkaji/monb AJis
OapBHMKa 4.7 3HaYeHHs1 CKOPUHIOBOI (QyHKUIT JUIsl KUieHs 2, 3, 4 1 5 6apBHuUKa 4.5
CTaHOBIATH BiamoBigHo -10,4 kkaim/moib, -10,2 xkkan/mons, -9,0 kkaia/moiab Ta -8.,4
KKaJ/MOJb Ta JJisi kuiieHb 2, 3, 4 1 5 OapBHuka 4.7 CTaHOBJSTH BiANOBIAHO -9,3

KKaJ1/MOJIb, -8,2 KKajl/MOJIb,-7,8 KKaJI/MOJIb Ta -7,3 KKaJI/MOJIb.

Kumensa 3 Kuamens 1

(remin-
IB'AIVEAILHAR

Kumensn 2

Kumens 5

Kumens 4

Puc. 4.13 [lotenmiitai kutieHi 38’ 13yBaHHs (PIIyopeclieHTHOTO OapBHHUKA

4.5 Ha TOBEPXHI1 MOJIEKYJIM OMYa4u0Tr0 CUPOBATKOBOTO AJIbOYMiHY
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JleTasibHO  AOCTIHKEHO KOMITIeKcH —(iyopeciieHTHOTOo OapBHHMKa 4.5 13
AMIHOKHUCJIOTHUMHU 3aJIUIIKaMU Tepea0adyeHuX KullleHb 3B’s3yBaHHA. [1apodoOHi
B3a€MO/IIi MpEACTaBJICHI (PI0JIETOBUMU MyHKTUPHUMH JIHISIMU, BOJHEB1 3B'SI3KM —
3€JICHUMHU TYHKTUPHUMH JIHISIMU, €JIEeKTPOCTATHYHI — YEPBOHUMU MYHKTUPHUMHU
JHISIMU, T-KaTIOH Ta T-aHIOH B3aEMO/I11 — OPaH)KEBUMU IMTyHKTUPHUMU JIHISIMHU.

[Ipu pmocmimxeHHI KOMIUIEKCY (imyopecuentHoro ©OapBHuka 4.5 13
aAMIHOKMCJIOTHUMH 3QJIMIIIKAMHU T€MIH-3B'SI3yBJIbHOTO CalTy (kuieHs 1) BUSBUIOCA,
10 crnojyka yTBoproe rigpodoOHi kontaktu 13 Lysll4, Leull$5, Ilel41, Argl85,
Vall88, Leul89, n-anion B3aemonuii 3 Glu424, enexrpocratnuni B3aemonii 3 Lys114,
Argl85 ta hopmye BogHeBHit 3B's130K 13 His145 (puc. 4.14).

Ha puc. 4.15 npencraBieHa B3aeMojis (QuyopecueHTHOro 30Hay 4.5 13
aMIHOKHCIIOTaMH B KUIIEHSX anbOyminy 2 (a) Ta 3 (6). Sk moxxHa 6auntu 3 puc. 4.15,
a Mosekyna 4.5 B kuieHi 2 3ajisiHa y ¢popMmyBaHHI TiapodoOHux B3aemoiii 13 Ala290,
esieKTpocTaTuyHUX B3aemodid 13 Glu291, Asp450, a TakoX YTBOPIOE T-KaTIOH
B3aemoito 3 Argl98, n-cynbedyp B3aemonito 3 Cys447 ta BogHesi 3B’s13ku 3 Tyr156 1

Argl94.

Glud424

Puc. 4.14 Kommiekcu iryopeciieHTHOro OapBHUKA 4.5 13 aMiHOKHCIOTHUMU

3QIAIIKAMM B KUIIIEH] 1
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Sk BunHO 3 puc. 4.15, 6 pnyopecuentnuii 30u1 4.5 QikcyeTbes B KuieHi 3 3a
y4acTi TriipooOHUX B3a€EMOJIIN 13 aMIHOKUCIOTHUMU 3anuinkamu Val408, Ala405,
Leu397, Tyrd400, Lys524, Val551, Met547, Lys544, a Takox m-aHIOH B3a€MOJIIN 13
Glu540.

Glu291

Puc. 4.15 Kommiekcn ¢uryopeciieHTHOTO OapBHHKA 4.5 13 aMIHOKUCITIOTHUMH

3aNIMIITKaMHK B KuIieHi 2 (a) Ta kuieHi 3 (0)

V kwumeHi 4 1ociiKyBaHa CIOIyKa YTBOPIOE TiapodoOHi koHTakTu 3 His246,

Lys465 ta enektpocratnuni B3aemoii 3 Lys204 1 Glu464 (Puc. 4.16, a).
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[Ipn aHamizi KOMIUIEKCY (DITyOpeCIEHTHOTO 30HAYy 3 aMIHOKHUCIOTHUMH
3ayIMIIKaMu KuiieHi 5 (puc. 4.16, 6) BUABUIIOCS, IO CIIOJIyKa YTBOPIOE TiipodhoOH1
koHTakTH 3 Ala510, His509, Phe567, Ala568, Gly571, Pro572, Val575 ta BomHeBi
3B's13kM 3 Ala568, Phe567 Tta Thr507.

His509 ¥
/

Thr507

Val575

o
Puc. 4.16 Kommnekcu ¢uyopecueHtHoro 6apBHuka 4.5 13 aMiHOKUCIOTHUMU

3aNMIIKaMu B KutieHi 4 (a) ta kuiieHi 5 (0)

[Tpu BuBYEeHHI KOMIUIEKCiB OapBHUKA 4.7 BCTAaHOBJIEHO, CIIONyKa (PIKCYETHCS B
reMiH-3B'sI3yBaIbHOMY caiiTi (kuimieHs 1) 3aBasku TiApodOOHHM KOHTAKTaM 13

aMiHokuciaoTHUMU 3anuiikamu Alal93, 11e455, Leul89, Lys114, n-anioH B3aeMozii 3
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Glu424, n-kartion B3aemoii 3 Lys114, a Takoxx yTBOproe BogHEBI 3B A3Ku 3 Serl92,
Arg458, Srr428 ta n-cynbdyp 38’5130k 13 His145 (puc. 4.17, a).

VY kumeni 2 OapBHUK 4.5 QikcyeTbcs 3a ydacTi rigpo@oOHUX B3aeMOJIN 13
Pro446, Ala290, n-anion B3aemonii 3 Glu443, n-xartioH B3aemomii 3 Arg217, a Takox
yTBOPIO€ BoJIHEBI1 3B’ s13kM 3 Lys439, Arg435, Thr190 ta n-cynedyp 38’5130k 13 Tyrd51
(puc. 4.17, 6).

Glud24

His287

Glu152

Puc. 4.17 Kommuiekcu dayopecuieHTHOro OapBHUKAa 4.7 13 aMiHOKUCIOTHUMH

3aJIMIIKaMH B KumreHi 1 (a) ta 2 (6)
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AHani3z KoMIUIEKCiB  (iyopeciieHTHOTO 30Hay 4.7 13 aMiHOKHCIOTHUMU
3JIMIIKaMH B KHIIEHSAX 3 Ta 4 mpesacrasieHi Ha puc. 4.18 a ta 6, BiagnosigHo. [Ipu
aHaji3l KOMIUIEKCY (IyOpeCHEeHTHOro 30Hay 4.7 3 aMIHOKUCIOTHUMH 3aJTUIIKAMHU
KUIIIeH1 3, BUSIBUIIOCS, 1110 CTIIOJTyKa YTBOPIO€ T11podoOHI kKoHTakTH 3 Lys544, Glu548,
Met547, Val551, Lys524, Tyr400, enextpoctatuyHni B3aeMomii 3 Lys524, m-kaTioH
B3aemoii 3 Lys396 i Lys544 (puc. 4.18, a).

Leu?ﬂ?

Met547 Val551

Puc. 4.18 Kommiekcu dayopecuenTHoro OapBHuka 4.7 13 aMiHOKHCIOTHUMH

3aJIMIIKaMHu B KuilieHi 3 (a) ta 4 (0)
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Toni sik B kuiieHi 4 cionyka 4.7 3aiisaHa y popMyBaHHi riipooOHUX KOHTAKTIB
3 Lys465, BoaneBux 3B’s3kiB 3 Argl96, Tyrl47, Lys204, GIn203, Ser104 Ta
€JIEKTPOCTAaTUIHUX B3aeMoiil 13 Argl96 i Lys204.

[Tpu anainizi komIiekcy ¢GuyopeciieHTHOro 6apBHUKA 4.7 13 aMIHOKUCIIOTHUMU
3aUIIKaMH B KUIICH] 5, BUSABHIIOCS, IO CIIONyKa (DIKCY€ETHCS 3a ydacTi riapopoOHuX
B3aemonin 13 Val575, His509, enmexkrpocratmunoi B3aemomii 3 Lys504, a takox
yTBOpIoe BoaHeBl 3B’ s13ku 13 Thr507, Ala568 ta m-cynasdyp 3B's30k 3 His509 (puc.

4.19).

GIn579°

/’“\Qfassa :
i

Lys504 -

Puc. 4.19 Kommnekcu iyopeciienTHoro 6apBHuka 4.7 13 aMiHOKUCIOTHUMHU

3QIUIIKAMH B KHIIIEH1S

Jl71st ycix BUIIE HaBEJACHUX PUCYHKIB B3aeMo/iii OapBHUKa 4.7 13 TOTEHIIIHHUMHU
KumeHsaMu 3B’si3yBaHHS BSA rimpodoOHi B3aemoii mpencrtaBieHi (i0JI€TOBUMH
NyHKTUPHUMHU JTHISMH, BOJIHEBl 3B'SI3KM — 3€JCHUMM ITYHKTUPHUMHU JIHISIMH,
€JIEKTPOCTAaTUYHI, 7-KATIOH Ta T-aHIOH B3a€EMOJlI — OpPAHXEBUMU MYHKTUPHUMU

JTHISAMHA, T-CYTBGYP 3B’ A3KH — )KOBTUMHU MyHKTUPHUMU JTIHISIMUA
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Otxe, 3a pe3yJbTaTaMUd MOJIEKYJSIPHOTO JOKIHTY MO MOBEPXHI albOyMiHY
i1eHTH(PiKOBaHO 5 HAWOLIBIIT IMOBIPHUX KHIIIEHB 3B’SI3yBaHHS, IO € CIIUIBHUMU JJIsI
000X (ayopecleHTHUX 30HAIB Ta BKa3yIOTh Ha MEPEBAXKHO TiApo(oOHY B3aEMOJIiI0
OapBHUKIB 13 cadTtamu 3B’s3yBaHHS BSA. Ile miarBepmkyeTbess NpHOIU3HO
OJIHAKOBMMH 3HAYCHHSMU KOHCTAHTH 3B’si3yBaHHS K, MoOXHa NpUIYCTUTH, IO
MexaHi3M 3B’s3yBaHHA (ryopodopdiB i3 BSA monsrae y B3aemonii xpomodopy
OapBHHMKa 13 OLIKOBOIO TIIOOynor0 0e3 momiTHOi ydacti N,N’-3amicHukiB 4.7 y

3B’ SI3yBaHHI.

4.9 JocaigkeHHsI TNPOHUKHOCTI B KJIITHHM Ta PO3NOTIJY MeETOJAOM

(dp1yopecueHTHOI MiKpPOCKOMil

Ockinbku 60apBHUK 4.7 MPOSBUB HAWMEHIITY CXHJIBHICTB JI0 arperaiiii y BOJIHOMY
Oydepi, BHBYEHA HOro 3AAaTHICTb NPOHUKATH 4YEpe3 KIITUHHY MeMOpaHy Ta
OPUAATHICTh JUIsl Bi3yaiizalli >KMBMX KIITUH. [l OpOBENEHHS EKCHEPHUMEHTY
BUKOPHUCTOBYBaJIU KIITUHHY JiHII0 A2780, a Tako cranaapTHi 6apBHUKHU - Hoechst,
mo 3B'sa3yerbes 3 saepHoto JIHK, 1 3enmenuii QuyopecueHTHHI MITOXOHApIATbHUN

O6apBHuK MitoTracker Green niis BuUBYeHHs Kosokamizamii (puc. 4.20).

Puc. 4.20 Bizyamizamis sxuBux kimitud A2780 duyopodpopom 4.7 (a) y
koHueHTpaiii 1 pM, 6apsuukamu Hoechst (6) 1 MitoTracker Green (8), Ta 00’ennani

300paxkenHs (e). [llkana — 20 Mkm



117

[Toka3zano, mo OapBHHK MPOHUKAE Yepe3 KIITUHHY MeMOpaHy, SIK 1 y BUOAAKY
nonepeaHIX 0apBHUKIB - HE HAKOITUYYETHCSA B SI7IPi, @ TAKOXK HE BUSBIISE KOJIOKaTi3aIlii
13 MitoTracker Green (koediuient xopesnsuii Ilipcona mis 4.7/MitoTracker Green
ckinaB 0,63+0,01). Xoua cnenudiunicts Gayopodopy 4.7 He BUABICHA, TATEPH
Bi3yamizaiii y IIMTOIUIa3Mi JIO3BOJISIE TPHUIYCTUTH, IO OapBHHUK 3B'SA3YETHCS 3

JII30COMAaMH.

4.10 ocaigxeHHs (OTOAMHAMIYHOI AKTHUBHOCTi 0€H3IHA0JICHIHOBHUX 0APBHUKIB

dotoauHamiyHa Tepanisi € e()EeKTUBHUM METOJIOM JIIKYBaHHS OHKOJIOTTYHHX
3axBopioBaHb 3aBAsku nii @C B TKaHMHAX MYXJIUHH. 32 PaxyHOK OMPOMIHEHHS
CBITJIOM 3 JOBXHMHOIO XBWJII, 0 ONu3bKa 10 Makcumyma mnoriuHaHHa OC,
BiIOYBAIOTHCS psii (POTOXIMIYHUX TPOIECIB 3 YTBOPEHHSIM AKTHUBHUX YaCTUHOK
(CUHIJIETHUN KHUCEHb, pajuKaiu (poTroceHcHOLTI3aTopa, CYNEpPOKCH] aHIOH), fKi, B
CBOIO Yepry, MPU3BOAATH /10 3aru0ei pakoBUX KIIITHH 3a MEXaH13MaMH arorTo3y 4u
Hekposy [180]. Jis gociipKeHHsS 3IaTHOCTI /10 TeHepallli CMHTJIETHOTO KHCHIO Ta
iHmux A®K 6apBuukamu, 0yB obpanuit 1,3-mudeninizodenzodypan (DPBF) [175].
[Tpu B3aemonii 3 'O> y DPBF yTBOpIOE€ThCS €HIONEPOKCUIHMI (PPArMEHT y LUK,

SIKAH [IEpEePUBAE CIIPSHKEHHS 1 3aTE€H, HaBITh, pO31pBaTH 3B 130K (puc. 4.21).
b 2

CgH

o iio—= [ S—[ ] °
. 2 (O = O
CSHS CsH5 CSH5

Puc. 4.21 Cxema B3aemonaii DPBF 13 cunrieraum kucaem

Ile nmpu3Boauth A0 3HeOapBieHHss DPBF, sike cynpoBOIKyeTbcs MaaiHHIM
ONTUYHOI TYCTUHU y HOro Makcumywmi (415 Hm).
Ockinekun DPBF € manopo3unHHUM y BOJI, BUMIPU MPOBOAMIKNCS y BOJHO-

eTaHosibHOMY cepenoBuiili (50/50 %) npu onpomMiHEHH1 JOBKUHOIO XBII A = 660 HM
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y CMYTy MOIJIMHAHHA O€H31HJI0JICHIHOBUX OapBHMKIB Ta 3a MEXKAaMHU MNOTJIMHAHHS
DPBF. Jlna nocnimkenus Oynu oOpaHi OapBHHMKHU 3 TiApodiibHUMU Tpyriamu 4.7 Ta

4.8, a Takox 6apBHUK 4.5 (puc. 4.22).

100 Q o Qo o
LS 804 —o— DPBF
o —o—NMB
> ) 45
< 604 \ 47
Lo
5 ] o —o—438
o
S - AN
<
] * ] Q.
20+ \0 \0\
o =,
Naa _
O T = T T T I fl‘
0 40 80 120 160
time, sec

Puc. 4.22 IBuaxicts po3knaganas DPBF y npucyTtHocTi O6apBHuKis 4.5, 4.7,
4.8 Ta MC B 3anexHocTi Bija yacy onpoMineHHs. A(DPBF) — MmakcumyM noriauHanHsS
DPBF mnicns onpomiHeHHss B MOMEHT 4acy t, Ao(DPBF) — Mmakcumym norivHaHHs

DPBF no npomineHHs

Cnin 3a3Ha4yuTH, U0 OCKUIBKM MAaKCUMYMH TOTJIMHAHHS 1HAOJEHIHOBUX
OoapBaukiB 4.1 — 4.3 nexarb 3a Mexamu Jii Jiazepa, OMHUTH iX (poToguHAMIYHY
AKTUBHICTh Y HAIIOMY BUMAJAKY OyJIO HE MOKIIUBO.

[IpucyTHicTh OapBHUKIB BIUIMBaja Ha MakcumyMm mnorivHanHg DPBF micns
ONMPOMIHEHHS, CIPUSIOYH HOT0 3HIKEHHIO. SIK cTaHnapT OyB oOpaHui METHIIEHOBUM
cunii (MC), oCKUIbKM BiJloMa HOTO 3[aTHICTh /10 T'€Hepallii CUHTJIETHOT'O0 KHUCHIO 3
BUCOKMMH KBaHTOBMMM Buxoaamu [176]. fx BuaHo 3 puc. 4.22, HalIIBHIIIA
dboronerpanaiist DPBF crioctepiraeTses s 6apsHuka 4.8, 1110 MiCTUTh KapOOKCHITBHI
rpynu. Toxi sik OapBHuKH 4.5 Ta 4.7 1eMOHCTPYIOTh TPUOIU3HO OJHAKOBY 3aTHICTD

710 TeHepaIlii akTUBHUX (POPM KHUCHIO.
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Ockinbku OapBHUK 4.5 € TiApoPOOHUM Ta CXWIBHHUM /O arperaiii y BOIHHX
pO3UMHAX, MOXKHA OYIKyBaTH, IO 30UIBIICHHS BMICTY BOJIM B JOCTIKEHHAX 13
[ACTKOI0 CHUHIJIETHOTO KHCHIO TPHU3BEIE /0 MOTIPIICHHS HOro (QoToaMHaMIYHUX
BJIACTUBOCTEH. {11 IbOTO MPOBEACHO BUMIPIOBAHHS IMIBUAKOCTI (POTO3HEOAPBICHHS
DPBF npu omnpomiHeHHI OapBHUKIB y CEPEAOBHUIINI 3 PI3HUM CIIBBIIHOIICHHIM

pPO34YMHHUKIB (puc. 4.23, a, 0).

11
1,0 1,04
0,9
™ 4
2 osd 038-
a ]
< ° [ —_
i \ g ] .\. 2
& 064 \: <= 06 e
I %’ o T
@ 05 °
li‘ ! é: ] \
04 04
¥ ™ { ) ’ [
ethanol:water 50/50 (v/v) ~Z 03] \'\o 1
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0 20 40 60 80 100 120 0 20 40 60 80 100 120
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Puc. 4.22 HIBunkicts po3kiananus DPBF y npucytHocti 6apBHuKiB 4.5 (KkpuBa
1) 1 4.7 (xpuBa 2) y BogHO-eTaHONIbHOMY po3uuHi: 50% Boau (a) ta 75% Boau (6) B
3aniexkHocTi Bl yacy onpomineHHs. A(DPBF) — makcumywm nornunanus DPBF micis
ompomiHneHHs B MoMeHT 4acy t, Ao(DPBF) — makcumym mnormunanns DPBF no

IPOMIHEHHS

HecnogiBanuM BUSBHIIOCSA, 110 3pOCTAHHS BMICTY BOJU 10 75% TpHUBENO A0 3HAYHO
oiunboro 3uedapsienHs DPBF B npucytHocti OapBHUKa 4.5 TOPIBHSAHO 31 CKBapaiHOM
4.7. Y nepmoro BoHO BinOynocs Ha 50% Bixke micas 20 cexyHa OnpoMiHeHHS (pHC.
4.23, 0).

JInst nocimiKeHHsT CHEKTPAJIbHUX NPOSABIB arperamii CIEeKTpH IMOTJIMHAHHSA 1
dayopectieHilii ckBapainis 4.5 1 4.7 Oyiu npoaHaji3oBaHl B CyMilllax 3 BOJIOI €TaHOIY
1 JIMCO y pi3HOMYy CHIBBIJIHOIIEHHI MNpU TNOCTIMHIA KOHIEHTpalii OapBHUKA.
BusiBuiocs, 1mo npu 301IbIIeHH] BMICTY BOJH K y €TaHoJI, Tak 1 B cyminti 3 IMCO

Bi10yBa€ThCs CHIIbHA JieopmMallis CIIeKTPiB MOTJIMHAHHS cKkBapainy 4.5 (puc. 4.24, a).
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Pi3k0o nagae 1HTEHCUBHICTH JOBrOXBUJIBOBOIO MAKCUMYyMY 1 3’SIBJISIETHCS HOBA
KOPOTKOXBUJIbOBA CMyTa. 31 301IbIIICHHSM BMICTY BOJIM BOHA IMOCTYIIOBO TIICOXPOMHO
3MIILY€eThCSA, @ 1 IHTEHCUBHICTH 3pocTae. IIpu npomy BiAOYyBaeTbCs 3aKOHOMIPHE

racinus ¢ayopecteniii (puc. 4.24, 6).
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Puc. 4.24 Cnextpu nornuHanHs (a) Tta Quyopecuenuii (6) OapBHuka 4.5 y
€TaHOJILHOMY pO3uHuHi 3 pizHUM BMicToM Boau (%): 0 (1), 10 (2), 30 (3), 50 (4), 70 (5)
ta 100 (6); KoHLIeHTpaIlis 6apBHUKa 5 UM

HoBi cmyru ¢ayopecueHIlii He BHHHKaIOTh. AHAJIOTIYHI CIIEKTPaIbHO-
bayopeciieHTHI e(peKTH BiAOYyBarOThbCs 3a 30UIBIICHHS KOHIICHTpAIlll OapBHHUKA MPH
MOCTITHOMY CIIBBIJHOILIEHHI CyMIIIl BULIE3a3HAYEHUX PO3UMHHUKIB.

[{e cBiguuTh MPO Te, M0 y CyMmimax 3 Bojoro eranoiy i JIMCO 31 301abI1eHHIM
BMICTY BOJU BinOyBaeThcsa arperaiisi ckBapainy 4.5.Y OapBHuka 4.7, y sKOro
riapodoOHMt O1YHMI 3aMICHUK 3aMiHEHUH Ha T1APOodUTbHY CynbhOOYTUIBHY TPYITY,
B QHAJIOTTYHUX YMOBaX 3MiHH B CIIEKTPaX MOTJIMHAHHS BII0YBAIOTHCA 3HAYHO cliadIie.
CnekTpu 30epiraloTb YHIBEPCAJIbHHM KOHTYpP CMYT TMOINIMHAHHS TpPH 3HAYHO

OUTBIIIOMY BMICTI BOJIM y CyMIiIlIaX PO3YMHHUKIB, HIX y OapBHUKa 4.5 (puc. 4.25, a, 0).

1
850



Optical density

121

600
0,5+

3
T

04

3
T

o
w
1
8
=}
1
N

o
)
1

200

0,14

Fluorescence intensity (a.u.)

100

00 : :

: . : : .
500 600 700 700 750 800
A, nm A, nm

a o
Puc. 4.25 Cnextpu nornmHansas (a) Ta duyopecueHiii (0) 6apsHuka 4.7 y
€TaHOJIbHOMY pPO34MHI 3 pizHUM BMmicToM Boau (%): 0 (1), 50 (2), ta 100 (3);

KOHIIEHTpallisi 6apBHUKA 5 UM

Jlume mnpu Bucokomy (Oumbme 50%) BMICTI BOAM Yy HBOTO 3 SIBISETHCS
HEBEJIMKUI KOPOTKOXBUIILOBUM MakcuMyM Iipu 612 uM. Lle Bka3ye Ha Te, 1110 CKBapaiH
4.7 arperye 3HayHO ciab1ie MOpiBHSIHO 3 OapBHUKOM 4.5. BiporijgHo, 11e € HacIiIKOM
O1IBII01 PO3YMHHOCTI MEPIIOTo, HXK OCTAHHBOTO y BOAHOMY po3uuHi. B pesynbrari
MOJIEKYJIM CKBapaiHa 4.7 MeHIe BUIITOBXYIOThCA 31 CTPYKTYpHU BOIM MOPIBHSHO 3
O0apBHUKOM 4.5, BHACIIIJIOK YOTO, K B1JIOMO, arperytoTh ciaodme [167].

JloHOpHO-aKIleNnTOpHa TPUPOJA CKBapaiHiB CTBOPIOE YMOBU JUISI CHUIBHOTO
MDKMOJIEKYJIIPHOTO  €JIEKTPOCTaTUYHOTO TSDKIHHS PI3HOMMEHHHUX 3apsiiB, WIO
IPUBOJMTH 1O YTBOPEHHS JUMEPIB 1 CKIAJHIIIMX arperariB HaBiThb y JyXe
po36aBneHux poszuuHax [177]. Orman niTeparypu mokasaB, 10 ICHY€ MPUHANRMI TPU
MO>KJIMBHX B3a€EMHHUX PO3TAllyBaHb JTOHOPHO-aKLUENTOPHUX MOJIEKYJ MPHU yTBOPEHHI
arperariB y BoJHOMY cepenoBuiii (puc. 4.26). IIpu opieHTalii MoJaeKyJ CKBapaiHa, sik
y cTpyKypi I, B3aeMoiss Mixk HUMH Ma€e OyTH MaKCUMaJIbHOIO, OCKUTBKH TIPOTUIICIKHO
3apskeHi pparmenTy D Ta A pi3HUX MOJIEKYJ 3HaXOASAThCS OJUH MPOTH OJHOTO Ha

000X KIHIISIX MOJICKYJIH.
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Puc. 4.26 MoxJuBi CTpYKTypH arperartis

VY Takiil CTPYKTYpl peani3yeThCs KyT MiX ABOMa xpomodopamu, O6mau3bkuii g0 180°.
XapakTepHOO 1 O3HAKOK € TMOsSBa HOBOI JOBIOXBHJIBOBOI CMYTH MOTJIMHAHHA 1
(bryopecleHIlii mo BiIHOIIEHHI 0 BiAMMOBIAHUX CMYT MOHOMEpHOi MoJieky [178]. Ix
BIJICYTHICTh BHUKJIFOYA€ MOXKJIMBICTh peaiizailii arperary Tumny | y Hamomy BHOAAKY.
Crpykrypa Il Mae 6yTH MEHIII BUT1AHOIO, OCKIJIBKU B3a€MO/Iisl )parMeHTiB MOHOMEPIB
D 1 A 3pilicHIo€TbCs Jnie 3 ogHoro 00Ky. [Ipu roctpomy KyTi Mik XpoModopamu
BUHUKAIOTh JIBI CMYTW TMOTJIMHAHHS, aj€ 1HTEHCUBHICTh JOBIOXBWJIHLOBOI Habararto
Buie [167]. el BUnagok y Hac TakOX HE peaizyeTbecs. Y ceHaBiueBoi cTpykTypi 11
OJTHOMMEHHO 3apsipKeHl parMeHTH PO3TaIloBaHI OJWH MPOTH oj1HOTr0. KynoHIBChKI
CUJIM BIJIIITOBXYBAaHHS JECTaOUII3YIOTh Takuid arperat. OgHaKk mpu MapajeabHOMY
po3TanryBaHHi XpoMO(OpiB CHOCTEPIralOThCSI MaKCHUMAaJIbHI JHUCTIEPCIHI B3a€MOJIT
MK HUMHU. TOMy iCHYy€ MOXJIMBICTh YTBOPEHHS TAKUX arperariB. Y HalIOMY BUMAJKY
JOJIaTKOBE IMOCWJIEHHS JIUCIEPCIMHUX B3a€EMOJAIM B CEHJIBIYEBIM CTPYKTypi
3MIMCHIOETHCS 3a PaXyHOK OCH3aHETIOBAHHS 1HIOJICHIHOBOTO Spa, 0 PO3IIHPIOE TT-
CUCTEMY CIIPSDKEHHS.

OnHO3HAYHUM JI0Ka30M JOMIHYBaHHS y HamioMy Bumajaky crpykrypu I mpu
30UIBIICHHI BMICTY BOJM Yy CyMillaX pO3YMHHHUKIB €. BHUHMKHEHHS HOBOI
KOPOTKOXBUJILOBOI CMYT'M MOTJIMHAHHS (T1IICOXPOMHO 3CYHYTOI pubn3Ho Ha 30 — 40
HM); 3pOCTaHHS 11 IHTEHCUBHOCTI (HaBITh MEPEBUIIYE IHTEHCUBHICTH OCHOBHOT CMYTH);
MaJIHHS IHTEHCUBHOCTI IOBMOXBUJILOBOT CMYTH; raciHHsA (piryopecueHii MOHOMEpPHOi

CMYTH 10 ii IOBHOI'O 3HUKHEHHS MpU BMicTi Boau Ooutst 80% [179].
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OTxe, cCHOUpPAOYUCh Ha JOCHIDKEHHS MpUpoAM arperauii OapBHUKIB,
OJIHO3HAYHUM JIOKa30M JIOMIHYBaHHA Yy HamioMmy Bunaaky ctpykrypu III npu
30UTbLIEHHI BMICTY BOJM Yy CyMIlIaX pO3YMHHUKIB €: BHUHHUKHEHHS HOBOI
KOPOTKOXBHUJIILOBOT CMYTH MOTJIMHAHHS (T1ICOXPOMHO 3C¢yHYTOi prbau3Ho Ha 30 — 40
HM); 3pOCTaHHs 1 IHTEHCUBHOCTI (HaBITh MEPEBUIIY€E IHTCHCUBHICTH OCHOBHOI CMYTH);
MaJIHHS IHTEHCUBHOCTI IOBFOXBHUJILOBOT CMYTH; FaCiHHA (PIIyopecLeHLli MOHOMEPHO1
CMYTH JI0 ii MOBHOT'O 3HUKHEHHS MPHU BMicTi Boju Ou1st 80 %.

Arperaniss 0apBHUKIB CYIPOBOJKY€ETbCS 3MEHILECHHSIM €HEPreTHUYHOI LIIJIMHU
mik S' i T cranamMu HOpIBHAHO 3 MOHOMEPHHMM OapBHHMKOM. lle NPUBOIUTH 110
3pOCTaHHs WMOBIPHOCTI 1HTEPKOMOIHAIIHOT KOHBepcii. Y acoliaTiB CEHABIYOBOT
Oynosu III BoHa [0AAaTKOBO 3pOCTa€, BHACHIOK TOrO, IO KOHKYPYHOUUN
dayopecuentuuii nepexig S! — S y mmx 3abopomenuii [179]. B pesynbrari,
aKTUBOBaHMM TpuruieTHUM ctaH arperaty Il 3maren mo mexanizmy T-T mepenocy

€Heprii CeHCHOLI13yBaTH yTBOPEHHS CHHIJIETHOrO KUCHIO (puc. 4.27) [181].

I + 30, — 111 + 0,

Puc. 4.27 Cxema yTBOPEHHSI CUHIJIETHOT'O KUCHIO

4.11 JlocaigKeHH UMTOTOKCHYHOCTI OeH3iH/10/IeHIHOBUX 0APBHUKIB

OckibKM  JOCHIpDKyBaHi OapBHMKM TPOSBWIM ce0e AK TOTEHIIiHI
doToceHcHuO1II3aToOpH, iX 3AaTHICTh NpUrHivyBaTH pict kiaituH MCF-7 nocnimkena 3a
nonomoroto MTT Ttecty. Cnocrepiranacsi BHXKUBAHICTh KIITUH MICAS 24-roAMHHOT
1HKyOarii 3 6apBHUKamMu B jaiana3oHi koHueHtpamiit 0,1 — 10 uM B mapanenbHUX
JOCiIaX: B TPUCYTHOCTI OapBHUKIB (T€MHOBAa TOKCHUYHICTb) Ta B MPUCYTHOCTI
OapBHUKIB TICJS OMPOMIHEHHS JIa3epoM 13 JOBXKUHOIO XBWii 660 HM (CBITJIOBa
TOKCUYHICTH). OCKUIBKA BHSIBJICHO, IO JOCHII)KYBaHI CIOJIYKH 3B’SI3YIOTHCS 3
anbOyMIHaMHM, JOCHII)KEHHSI BUKMBAHOCTI KJIITHUH MIJ J1€0 (OTOCEHCHOUII3aTOPIB
MpoBeJcHI B 0O€3CHUpOBAaTKOBOMY cepenoBuii 1 B cepeaoBumii 13 5% BSA.

OnpoMiHEHHSIM YEpPBOHUM CBITJIOM KIITHH, 1o wMictwin aiikBotu JIMCO He
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BIUTMHYJIM Ha BIDKHUBAHICTh KMTHH. SIK moka3zaHo Ha puc. 4.28, OapBHHUK 4.5
IPOJIEMOHCTPYBAB HMU3bKY TEMHOBY TOKCHUYHICTh, MOr0 SKMTTE3ATHICTh KIITHH
3anuinanacs Buie 85% y npejcraBieHoMY Alana3oHi KoHIleHTpallii. BogHouac, micis
Ja3epHOT0 OMPOMIHEHHS BW)XKMBAHICTh KIITHH 3HIKyBajacs Maibke Ha 40 % 3a
koHueHTpaiiii 0,1 pM ta maiixe Ha 90 % 3a konuentpaii 10 pM y 6e3cupoBaTKOBOMY
cepenoBuill. B npucytHocTi 5% BSA B cepenoBuiii sl pOCTy KIITUH TOKCHYHA JTis
OapBauKa y koHreHTpamii 0,1 uM 3menmmnacs mig gieto nazepa. OmHAK Bke 3a
KoHIIeHTparlii 1 uM BuKHUBaHICTh KIITUH ckianana meHiie 40% 1 6auzpko 10% mnpu

KoHueHTpauii 10 pM.

100

Cell viability,%
4

1.0

Concentration, mkM
B Dark Bl Light Light+BSA

Puc. 4.28 [{ututokcuuHicTh OapBHUKA 4.5 B 3a71€KHOCTI BijJ] KOHIICHTpaIli 6e3
Ta 3 aiero nazepa (1 xB) y BiacyTHOCTI 1 3a mpucyTtHocTi BSA (*p <0.05 nopiBHsHO 13

TEMHOBOIO TOKCUYHICTIO BIIMIOBITHOT KOHIIEHTpAIlii OapBHUKA)

Amnanoriuno 6apBHUKY 4.5, 24-ronuHHa TeMHOBa 1HKyOallis OapBHUKIB 4.7.Ta
4.8 13 writuHamu MCF-7 He BrmHyna Ha picT KIiTUH. Toal SK ONMPOMIHEHHS
YEpPBOHUM CBITJIOM KJIITUH 13 3a3HAYEHUMU OapBHUKAMH, 3HU3WIO BHXXUBAHICTh
KITITUH Outbi HIXK Ha 50% 3a konnedTpanii 1 uM y Bunmanky 6apsHuka 4.8 ta Ha 60%
y Bumnajky OapsHuka 4.7. Jling 060x 0apBHUKIB 3a kKoHUeHTpalii 10 M BHKUBaHICTb

KITUH ckianana meHme 5%. Toxai sk 3a mpucytHocti BSA B cepenoBuiii pocty
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KJIITUH TOKCUYHA Jisl MPU OMPOMIHEHHI YEPBOHUM CBITJIOM HE BUSBJICHA HaBITh 32

koHieHTparii 10 uM s 06ox 6apBHuKiB (puc. 4.29, a, 0).

100 100
2 T 2
Z * 2
3 z
© ©
> 50 S 50
3 S
*
0 e 0 x
0.1 1.0 10.0 1.0 10.0
Concentration, mkM Concentration, mkM
Bl Dark B Light &3 Light+BSA Bl Dark B Light B2 Light+BSA

a o
Puc. 4.29 IlututokcuuHicts O0apBHUKIB 4.7 (a) Ta 4.8 (6) B 3aJIeKHOCTI Bij
KOHIIeHTpaIlii 0e3 Ta micius giel mazepa (1 xB) y BIACYTHOCTI Ta 3a mpUCcyTHOCTI BSA
(*p <0.05 mnoOpiBHSHO 13 TEMHOBOI TOKCHUYHICTIO BIAMOBIJHOT KOHIEHTpAIlii

OapBHHUKIB)

Oxkpim MTT TtecTy, NpoBOAUIOCH MOCTIKEHHS CBITJIOBOI ITUTOTOKCHUYHICTI
OapBauka 4.5 3a gomomororw KoHpokanbHOi Mikpockomii (puc. 4.30). [ns uporo
kiitTiH MCF-7 nomimany B KyJbTypalibHI IJIAHIIETH 3 12 JTyHKaMH 13 CTEpUIbHUMU
CKJISHUMH TOKPUBHUMU CKEJBLSAMHU Ta 1HKYOyBanu npotsrom 48 roaus npu 37 °Cy
npucyTtHocTi 5% CO2. Ilicns nmocaruends 80% KOHQIIOSHTHOCTI CepeIOBUILE IS
POCTY KJIITHH BUJAJSUIM 1 KIITUHU Tpuyl npomuBanu PBS. Jlami kniTuHM 1HKYOyBaiu
3 JOCTiPKyBaHUMHU OapBHUKamMHu B KoHueHTpaiii 5 uM y PBS 6ydepi npotsrom 1
roguan npu 37° C y mpucyrHocti 5% CO,. Ilicns LbOro 4YacTUHY CKeJelb
ONPOMIHIOBAIM JIa3epoM MpoTsAroM 1 xBuwinHM. Jlami ycl JyHKH 31 CKEIbLSMHU
npomuBaiii PBS Oydepom, nonaBanu cepegoBuiie Ay pocTy 1 3anuiiany Ha 100y. Ha
HACTYITHUM JCHb KJIITHHU TOTYBaJd JI0 JOCTIIKEHHS 32 METOJMKOI0 KOH(OKaIBHOT

BI3yasmi3alii ()1IKCOBaHUX KIIITHH.
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10 pm 10 prm 10 pm

— — ==

10 pm 10 pum 10 pm

— — —

10 pm 10 prn 10 pm

— — —
10 pm 10 pm
= = —

a 0 6

Puc. 4.30 Kondokanpae 300paxxenns knituH MCF-7. Knituau 3 6apBHUKOM
Hoechst 33342 (a), 6apaukom 4.5 (6), Ta 00’ ennane 300paxenus (6) Pan 1 ta 2 6e3

nii maszepa, psa 3 ta 4 miciis ONPOMIHEHHS TIPOTATOM 1 XB
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Ax BuaHO 3 puc. 4.30 B ONpOMIHEHHX JIa3€pOM 3pa3Kax 3arajlbHe YUCIIO KIIITHH
3meHmyeThes (puc. 4.30, pan 3 Ta 4) B HOpIBHSAHHI 3 HEONPOMIHEHUMU KJIITUHAMU B
npucytHocTi OapBHuka (puc. 4.30, psng 1 Ta 2), MmO TaKoX HIATBEPIKYE
IIUTOTOKCUYHUM epekT gocmipkyBaHoro guyopodopy 4.5 min gieto citia. [lotpioHO
3a3HAYUTH, 10 OMPOMIHEHHS YEPBOHUM CBITJIOM HE BIUIMHYJIO Ha >KUTTE3ATHICTD
KJTIITHH, IO HE MICTUJIN OapBHUK.

Binomo, mo ans0ymiHu KpoBi BUKOHYIOTH Psii PYHKIIiH B OpraHi3Mi JIOJMHHU,
cepen SKUX 3aXUCT OPTaHi3My BiJl OKCHIATHBHOTO cTpecy. MU NpHITyCKaeMo, IO
BIJICYTHICTbh T€paneBTUYHOIO e(ekTy OapBHUKIB 4.7 1 4.8 B MpuCyTHOCTI aabOyMiHY
B1IOYBa€ThCS Yepe3 Te, IO iX HEraTUBHO 3apsPKEHI O14HI TPYNH YTBOPIOIOTH
HEKOBAJIEHTH1 B3a€MO/I1 3 MO3UTUBHO 3apskeHuMu rpynamu BSA. Jludy3sis kucHio
npu 3B'sI3yBaHHI MOJIEKYJIH 3 OLIKOM YCKJIQJHIOEThCS. B pe3ynbTaTi 3MEHIIy€eThCs
BUPOOJICHHS! CUHTJIETHOT'O KUCHIO YU B1I0YBAETHCS B3a€EMO/IISI ATbOYMIHY 3 BIJIbHUMH
paaukaizamMu. TakoX y BUIBHOMY CTaHiI MOJICKYJIH OapBHUKA MOXXYTh OyTH OJIM3bKUMHU
70 KJIITHHHUX CTPYKTYp, 110 TMPHU3BOIAUTH A0 iX pyhHyBaHHs 3a TtunoMm I. Toxi sk
OlIKkOBa O0OOJIOHKA CTEPUYHO OOMEXKYye MEXaHi3M TEPEHOCY EJEKTPOHIB, IO
MPU3BOIUTH JI0 TACIHHS 30y KEHUX MOJIEKYJ CyOOIMHUIISIMU anb0yMiny. bapBauk 4.5
HE J1a€ TaKUX CTIUKUX KOMILJIEKCIB, IPOTE, OCKUIBKH MPHU 3B’SA3yBaHHI 3 alIbOYMIHOM
BiJIOYBAETHCS MPOIEC PyHHYBaHHS arperariB OapBHUKA, HOTO TOKCHYHUNA BILTUB TIPH
OTMPOMIHEHHI YEPBOHUM CBITJIOM 3a NPHUCYTHOCTI anbOyMiHYy 3HIKYETHCS, aJie

3aJIMIIAETHCS TOCTATHHO BUCOKUM JUIsl pyHHIBHOI J11 KJIITHH.

OTxe, nmaHWii PO3MIT  TPHUCBAYECHUNW  BHUBYCHHIO BHYTPIIIHHOMOHHUX
CKBapaiHOBUX XpOMO(DOpPIB 3 SK HEUTpaATbHUMU OIYHUMH 3aMICHHKaMH, TakK 1 3
3apspkeHuMu. BetanoBneHo, 1m0 0apBHUK 4.2 13 Y4eTBEPTUHHUMHU aMiHHUMU TPyTIaMU
posBIISiE Haiicnadie 3B’ s13yBaHHs 13 BSA, He Bidyalmi3yeTbesi B KIIITHHI, a OT)KE HE
MOKe OyTH BUKOPUCTAHUM JJis1 (DITyOpEeCUEHTHOT Bi3yasi3allii KJIITHH.

@nyopodopu 13 kucnotHumu rpynamu 4.3, 4.7 ta 4.8, 3B’A3yBanucs 13
aIbOYMIHOM 13 BUCOKMMM KOHCTAHTaMH 3B’SI3yBaHHsI, IPOHUKAIN 4Yepe3 MEeMOpaHy

kmituH A2780 ta MCF-7 Ta BizyamizyBamuca B HHMX. JlaHl OapBHUKHM MOXYTb
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BUKOPUCTOBYBATUCS SK MOTEHUIMHI peareHTH Juid Bizyamsauli kmtuH. s
JOCIIJIKEHHSI CKBapaiHIB K MPHUIIUBOYHUX 30H/IB CHHTE30BaHO KOH IoraT OapBHUKA
4.3 13 mmokoamiHoM. He [uBisiYMCh Ha BHCOKY BiacHy (hiiyopecleHllito,
dbnyopecuentauii curnan B kiitunax MCF-7 OyB BusiBnenuii cinadkum. bapBauku i3
riapopoOHUMMN OIYHMMU 3aMICHUKAMH MPOSBUIN TEHCHIIIIO 10 arperaii y BOJHOMY
Oydepi, mpore cmocrepirajgocs ix pyHHYBaHHA 3a MPUCYTHOCTI CHPOBATKOBHX
anpOyMminiB. [lpu dwomy OapBHHMK 4.5 TPOJEMOHCTPYBaB HAWBUIIUN BIITYK 3a
npucyTHocTi BSA: 3poctanHs iHTeHCHMBHOCTI (iyopecteHiii BigOyBanocs B 500
paziB. it AOCHIPKEHHS CHIEKTPaJbHUX IPOSIBIB arperauii npoaHaiai3oBaHl Horo
CIIEKTpH TOTJIMHAHHA 1 (iyopecueHIii B cymimax 3 Boaow ertanoiay i JJMCO y
PI3HOMY CHIBBIIHOUWIEHH! NpH MOCTIMHIA KOHUEHTpauii OapBHUKA. J[oBeneHO, 110
arperaT Mae€ CeHJBIUeBY OyJOBYy 13 pO3TallyBaHHSM OJHOWMEHHHUX 3apsiiB OJIUH
HABIIPOTH OJIHOTO. YTBOPEHHS arperary MpHU3BeNO J0 MiABUIICHHS HUTOTOKCUYHHUX
BJacTUBOCTEl OapBHUMKAa 4.5 Tpu ONpPOMIHEHHI YEPBOHUM CBITJIOM HaBITh 3a
IPUCYTHOCTI anb0yminy. OTKe, arperailisi CKBapaiHiB, sika, SIK MpaBUjIo, HebaKkaHa y
MEJIMKO-010JIOTITUHUX EKCIIEPUMEHTaX, MOXKE BIJIIrpPaBaTH KOPUCHY pPOJIb IS
ceHcuOII3aIlli CHHTIIETHOTO KUCHIO. [le HeoOXiHO BpaxoByBaTH MPU BUKOPUCTAHHI

CKBapaiHOBMX OapBHUKIB Y (POTOIMHAMIYHIN Tepatii.

3a pe3yJbTaTaMu J0CHIIKeHb ONMYy0JIIKOBAHI HACTYIHI HAYKOBI mpaii:

1. Syniugina A., Chernii S., Losytskyy M., Ozkan H.G., Slominskii Yu, Syniugin A.,
Pekhnyo V., Mokhir A., Yarmoluk S. “N-alkyl functionalized squaraine dyes as
fluorescent probes for the detection of serum albumins”. Biopolymers and Cell, 2022;
38(2):103-116 (Open Access, Q4) DOI 10.7124/bc.000A7S.

2. Syniugina A., Malanchuk O., Chernii S., Bdzhola A., Horbatok K., Syniugin A.,
Yarmoluk S. “The squaraine derivatives as potential photosensitizers in photodynamic
therapy of cancer”. Biopolymers and Cell, 2023; 39(1):3-13, DOI 10.7124/bc.000AS81.
3. Cunrorina A.T., Imenko O.0. «BmnuB arperarii OeH30iHIOCKBapaiHiB Ha
reHepalio CHHIJIETHOTO KUucHIOY». JloroB. Hair. akan. Hayk Ykp. 2023. Ne 4. C. 60-67.

doi.org/10.15407/dopovidi2023.04.060.
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PO3JILT 5

KOH’IOI'ATH HA OCHOBI MEPOLIAHIHOBOI'O I

CKBAPATHOBOI'O FAPBHUKIB

D-rntoko3a € oJHUM 3 HaWMOLIUPEHIIIUX MOHOcaxapuaiB y npupoi. [loxigHe
TJIFOKO3U — TJIFOKO3aMiH BUPOOJSETHCS NUIIXOM OlocHHTE3y rekco3. Bimomo, 1o
TPAHCHOPT SK TJIOKO3U TaK 1 TJIFOKO3aMiHY 31MCHIOETHCS TPAHCHOPTHUMHU OLTKAMHU
GLUT2 [170]. OckinbKy 370SIKICHI MyXJWHA MarTh BIIMIHHUI BiJ HOPMaJIbHHUX
KJIITUH MeTab0J113M, BCTAHOBJIEHO, IO JJIs1 X (DYHKI[IOHYBaHHSI MOTPI1OHE CIIOKMUBAHHSI
301IBIIEHOT KIJIBKOCTI IIIOKO3U. BHACHIIOK LIbOTO B MyXJIMHHINA TKAHUHI B HAJUIUILIKY
eKCIIPECYIOTbCS TPAHCHOPTEpU TIJIOKO3U, $AKI YacTO CTalTh MIMICHHIO IS
HaIUTIOBAaHHS 30HAIB 13 KOH IOrOBaHMM TIioko3aminom [171, 172]. Ortxe,
(IyopecleHTHI KOH IoraT Ha OCHOBI TJIFOKO3aMIHY 3aCTOCOBYIOTh Ta JIOCHIJIKYIOTh

SIK 30H]IU JUIS Bi3yauri3allii MyXJIrH, ¢ BOHA MarOTh 3aTHICTh 0 HaKormuueHHs [173].

5.1 Cunre3 kon’worary 3.4-GlcN

Ockinbku MepoIliaHiHOB1 G1yopodopHu MICTATh KapOOKCHIBHY T'PYITY Ha KIHII
JIHKEPY, HACTyNHUM 3aBJaHHSIM OyJ0 CHHTE3yBaTH KOH IOraT Ha OCHOBI D-
rimoko3aminy (GIcN) 13 6apBHUKOM 3.4 Ta MOPIBHATH CHEKTPATbHI XapaKTEPUCTUKH
OTPUMAHOI0 KOH’IoraTy Ta BuxigHoro OapBHuKa. CuHTe3 3.4-GleN nposogwnmm 3
BUKOPUCTAaHHAM XJopriapaty 1-etwi-3-(aumerunaminonponui)kapooaiminy (EDCI)

Ta rigpokcudensorpiazony (HOBT) y numerundopmamini (puc. 5.1).
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S N© GIcN*HCI, HBOT N©
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Puc. 5.1 Cxema cunre3y kon 'torary 3.4-GleN

5.2 CnekrpaibHi B1acTuBocTti kon’worary 3.4-GleN

CrexTpanbHi  XapaKTepUCTUKU  cHHTEe30BaHOTO KoH'rorary  3.4-GlcN
JOCJIKYBaJIM B METaHOJI1, BOAHOMY Oydepi, a Takox 3a mpucyTHocTi HSA (puc. 5.2).
VY MeTaHoJ1 MAKCUMYM MOTJIMHAHHA 3HAXOAUTHCS NpU 653 HM 1 IPAKTUYHO CITIBOAAAE
3 MAaKCUMYMOM TOTJIMHAHHS BUX1AHOTO OapBHUKA 3.4. MPOTE 13 MEHIIIUM 3HAYCHHSAM
MOJISIDHOTO KOE(IIiEHTY eKCTUHKIIT (€3.4-c1. = 0,87 10° M lem™!, €34 = 1,84 10° M lem
). V 6ydepi ciocTepiracThes yummupeHHs CIEKTPaIbHOI KPUBOI, a TaKoXK HesHaune (5
HM) 3MIIIEHHS] MaKCUMyMy IIOTJIMHAHHS B CHHIO 00JacTh B TOPIBHAHHI 13
MaKCUMYMOM MOTJIMHAHHA B Oydepi OapBHuKa 3.4. OTxe, Ha BIAMIHY BiJ OapBHUKA
3.4, pO3UMHHICTb KOH'IOTaTy 3MEHIIYETbCS CKOpPIII 3a BCE BHACHIJIOK
MDKMOJIEKYJIIPHOI B3aeMOJIIi TroKo3aMmigHux (¢parmeHTiB. B mpucytHocti HSA
BIJIOYBAETHCS 3MIIICHHS MAKCUMYMY IOTJIMHAHHS B YEPBOHY 00J1aCTh (Aaps= 662 HM),
dbopma KpuBOi MOINIMHAHHSA IOAI0HA A0 HOro KpHWBOI OTPUMAaHOI B METaHOII.
BinOyBaeTbcss TakoX 3pocTaHHS KBaHTOBUX BHXOAIB dayopecueniii (0,18 B

npucyTHocTI anbOyMiny npotu 0,01 y Boxi).
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Puc. 5.2 Cnextpu nornunanns 3.4-GleN y Oydepi, meTaHosi Ta B IPUCYTHOCTI

HSA.C=5uM

5.3 Cunre3 kon’wrary 4.3-GlcN

Ockinbku 6apBHUK 4.3 Ma€e BUCOKI KBAaHTOBI BUXOIH (DIIyopecIieHIlii Ta MOJISIpHi
KOe(ILIEHTH eKCTUHKIII, 100 € BaAXKIMBUM [UII MOro BUKOPUCTaHHS SIK
dayopecieHTHOI MITKH, MPOBEJCHA KOBAJCHTHA KOH FOTAIlS 13 TIIOKO3aMIHOM 32
cxeMow, 1o npexacrarieHa Ha puc. S5.3. Cunres 4.3-GlcN nposoaunu 3
BUKOPHUCTAHHAM XJopriapaty 1-etmin-3-(mumerunaminonponuin)kapooaiiminy (EDCI)
ta TiapokcuOensorpiazony (HOBT) y mumerundopmamini. IlpucyTHicTh nBOX
KapOOKCWIbHUX TPYINHU JI03BOJIMJIA 30UIBIIMTH YHUCIO MOJIEKYJ TJIIOKO3aMiHy Ha
oauHUITO iryopodopy. B miteparypHux mpKepeaax MmoBiIOMISETCS, IO TOTIUHAHHS
NYyXJUHHUMU KJIITUHAMHU L1aHIHOBOTO 30H]1Y, 1110 MICTUTH JBa 3aJIMUIKU [JIFOKO3AMIHY
OyJl0 3HAYHO BWIIMM, HDK TOTJIMHAHHS HECHUMETPHUYHOTO aHaJory 3 OJHIEI0

MOJICKYJIOO TUIFOKO3aMiny [174].
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GICN HCI, HBOT

N’
EDCIEQN
4.3 o 43GIcN o

Puc. 5.3 Cxema cunre3y ko torary 4.3-GleN

5.4 JlocaigxeHHsl CHEKTPAJIbHUX BJIACTHBOCTEl KOH’IOraTy rJIl0OK03aMiHy i3

O0apBHHKOM 4.3

[Ipu mpoBeneHHI TOPIBHAHHS CIEKTPAIbHUX BIACTUBOCTEH Yy METaHOII Ta
BogHOMY Oydepi BuxigHoro OapBuuka 4.3 Ta ioro kon’roraty 4.3-GleN BusiBneHo

3pOCTaHHS MOJISIPHUX KOE(III€EHTIB eKCTUHKIIT y BUTIAJIKy BBEJICHHS TJTIOKO3aMiHY J10

bayopodopy (Tabauis 5.1).

Tabnuys 5.1
CrniexTpalibHI XapaKTepUCTHKN OapBHUKIB B MeTaHOJI1 Ta Oydepi (Aabs —MaKCUMyM
MOTJIMHAHHS, Aem —MAKCHUMYM BHIPOMIHIOBaHHS, € — KOS(DIIIIEHT MOJISIPHOT

excTuHKIIT, QY — KBaHTOBUI BUX1] (PJTyOpeECIEHITIT )

METaHOJT oydep
€, &,
xabs, )\-em; }\abs, )\fem,
10° 10° QY
nm nm nm nm
Mlem! M'em’!
4.3 631 | 645 3 624 641 2.1 0.03
4.3-GlecN | 634 | 647 3.7 625 642 34 0.05
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Mo>IHBO 11€ MOB’S3aHO 3 TUM, IO 00’€MHI CUMETPUYHI TIFOKO3aMiJHI TPyIu
CKBapaiHOBOI'0 KOH IOTaTy YTPYIHIOIOTh 00€pTaHHS HABKOJIO MOJBIMHHUX 3B’SI3KIB 32
PaxyHOK YTBOPEHHS BHYTPIIIHbOMOJEKYJSIPHUX BOJHEBHX 3B’s3KiB. Toal K y
BUIAJKY MEpOI[IaHIHOBUX OapBHUKIB, 3 OJHIEI0 MOJIEKYJIOIO TJIIOKO3aMiHYy,
MOTIPIICHHS! CIEKTPAJbHUX BIIACTUBOCTEH MOKHA MOSCHUTH MIDKMOJICKYJISPHUMU
BOJHEBUMH 3B’S3KaMH TIIOKO3aMiTHUX (PparMeHTIB 13 YTBOPEHHSM arperaris, IO

racsiTh (JIyOpeCICHITIIO.

5.3 [JdocuaigxeHHs] NPOHUKHOCTI KOH 10raTtiB 10 Kiaitua MCF-7

[TponuknicTs koH 1oratiB 3.4-GleN Ta 4.3-GleN 1o xinitun MCF-7 nocmimkeHo
3a JIONIOMOT'0K0 KOH(OKAJbHOI MIKpPOCKOIi. [HKyOarlito KOH’IoraTiB i3 KJIITHHAMH
npoBoaAWIM poTArom 30 XB. 13 KOHIEHTpawie 5 WM, MOTIM T0AATKOBO 1HKYOyBaIu
13 OapBaukoM Hoechst 33342 3 HacTymHMM NpPOMUBAaHHAM Ta (IKCyBaHHSIM Y
3a0ydepenomy dopmanini. [ NOpIBHSAHHA pe3yJbTaTiB TaKOX MPOBOIUIN
1HKyOalio KIITUH 13 BUXIIHMMH MepouiaHiHOBUM 3.4 Ta ckBapaiHoBUM 4.3
OapBHHMKaMU. BpaxoByrouu mnomnepeaHi pe3yibTaTH CHEKTpalibHI AOCTIHKEHb, MU
OUiKyBaJdM OTPUMATH BHIIUN (GIyOpECHEHTHHUH CHUTHANI [UIsi CKBapaiHOBOTO
koH’toraty. [IpoTe pe3ynbTar mpoBeAeHOI MIKPOCKOMIi KIITHMH TOKa3aB, IO 3a
OJIHAKOBHX YMOB (hJIyOpeclieHTHH curHai KoH toroBaHoi Monekynu 4.3-GleN (puc.
5.4, 6) BUSIBUBCSA cla0lIMM 3a CUTHAJ BUX1AHOTO BUIbHOTO OapBHUKa 4.3 (puc. 5.4, a).
Toni sk GayopeclieHTHUN CUTHAJl MEPOIIaHIHOBOTO OapBHMKA HE 3MEHIITYBaB CBOET
IHTEHCUBHOCTI Ticisl KOH toranii (puc. 5.4, 2). He3paxkarouu Ha ripiry po34yuHHICTh Ta
MEHIII 3HAYEeHHs KBAaHTOBOTO BUXOAY (IyopeclieHilli y BOJHOMY CEpEIOBHII B
MOPIBHSHHI 3 BUIBHUM OapBHUKOM, CHHTE30BAaHUM MEPOIliaHIHOBHM KOH toratr 3.4-
GlcN npoaemoHcTpyBaB rapHuil QuryopecueHTHHI BIAryK y pakoBux kiituHax MCF-

7.
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Puc. 5.4 [lopiBHAHHS OTpUMaHHX MiKpocKormi€eo 300paxkenb kiituH MCF-7 B
IPUCYTHOCTI CKBapaiHoBoro OapBHUKa 4.3 (4epBoHE 3a0apBJiEHHS, @) Ta KOH IOrara
4.3-GlcN (uepBoHe 3a0apBieHHS, 0), MepoiliaHiHOBOro OapBHHKa 3.4 (4epBOHE
3abapeiieHHs, ¢) Ta 3.4-GleN (uepBoHe 3abapBieHHS, 2), a Takoxk OapBHHKa Hoechst

33342 (cuHe 3abapBicHHS, d, 0, 8, 2)

Henocrarass nponukHicth 4.3-GleN B KIITUHH B TOpPIBHSHHI 13 BUIBHUM
dyopodopom Moxke OyTH TOB’sA3aHA SK 13 CTEPUUYHUMHU YCKIAQJAHEHHSAMU Yepe3
BEJIMKUI 00’€M KOH’IOraTy, Tak 1 31 IIBUAKUM BUMHUBAHHSIM KOH FOTOBAHOI CIIOJIYKH
IpyU NpoBeJeHH1 gociiay. OTpuMaHi pe3yabTaTH CJIiJl BpaXOBYBAaTH MPHU KOH Ioraiii

naHux QuyopodopiB A BiACTEKEHHS Ta O10Bi3yasizailii.
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BUCHOBKMH

B nucepramiitHiii  poOOTI MPOBEACHO TMOIIYK HOBUX BHYTPINTHROHOHHHX
OapBHMKIB Ta BHBYEHO BIUIMB OyaoBU (ayopodopiB Ha iX 3B’sI3yBaHHA 13
rIIOOYISIpHUMU O1IKaMH, BHYTPIIIHbOKIITHHHUNA PO3MO/LT Ta 3AaTHICTh 0 TeHeparlii
CUHTJIETHOTO KHCHIO. 3a pe3ybTaTaMi poOOTH 3p00JIeH] HACTYITHI BUCHOBKHU:

1. CuHTE30BaHO I’SITh HOBUX MEPOIIaHIHOBUX OAapBHUKIB, IO MOTJIMHAIOTH B
obmnacti monan 600 aM. Buznaueno, 1o BBeACHHS Me30-(pparMeHTy B MOJIMETUHOBUM
JIAHITIOT Hajae OapBHUKAM (POTOCTIMKOCTI Ta cpusie 6aTOXPOMHOMY 3MIIIEHHIO MaK-
CUMYMIB TTOTJIMHAHHSL.

2. BcranoBieHo, 1m0 BBEIECHHA AU(PEHUIAMIHO-TPYNH B MeE30-3aMiCHUK
NOJIIMETUHOBOI'O JIaHLlora OapBHHMKA 3.4 MiABUILY€ KOHCTAHTY 3B’SI3yBaHHS 3
JOJCHKUM ainbOyMiHoM B 30 pa3iB B MOPIBHSIHHI 13 ME€30-HE3aMIIIEHHUM OapBHUKOM
3.0.

3. JlocmimkeHa B3aeMomis CKBapaiHOBHX OapBHUKIB 13 TIOOYISIPHUMH
OUIKaMU CTIEKTpaIbHO-(IyopeclieHTHUMU MeTojaMu. [loka3zaHo, 10 HEKOBAJICHTHE
3B’s13yBaHHA OapBHUKA 4.5 13 OMYauyuM CHPOBATKOBUM albOyMIHOM NPUBOJUTH IO
3pOCTaHHS IHTEHCHBHOCTI duryopecteHilii maibke B 500 pasiB, Tomi SK 1HII
IPEeICTaBHUKU CKBapaiHiB MPOJIEMOHCTPYBAJIA 3pOCTaHHs juie y 8-14 pa3is.

4. 3a pomomororo MTT-ananizy BCTAaHOBJIEHO, WLIO0 3aIpPONOHOBaHI
bayopeciieHTHI OapBHUKM HE € TOKCHUYHHMMH I10 BITHOIICHHIO 10 KIITHHHOI JIiHIT
MCF-7, 3 BukopuctanHsM (IyopecleHTHOI MIKPOCKOMIi MoKa3aHo, 0 OapBHUKH
MIPOHUKAIOTH 4Yepe3 MeMOpaHy KIiTHH A2780 Ta HECENEKTHBHO PO3MOAUISIOTHCS B
LIUTOILIa3M1 KJIITHH.

5. BuBueHi (oroauHaMiuHl BIIACTUBOCTI OEH31HJIOJIBHUX CKBapaiHOBUX
OapBHHKIB 13 OIYHUMH TiApOPUIBHUMH Ta TiAPoHOOHUMHU 3aMICHUKAMH 3
BUKOPHUCTAHHSAM TNACTKU CHHIJIETHOTO KHCHIO Ta Ha KiaiTHHHIN diHli MCF-7 micns
ONPOMIHEHHS YEPBOHHUM CBITIIOM. BcTaHOBIIEHO, IO 3pOCTAaHHS TeHepallii aKTUBHUX
dbopM KUCHIO TIpU ONpOMiHEHH1 OapBHUKA 4.5 BIIOYBA€ThCS 32 PaXyHOK YTBOPEHHS

Horo arperartiB y BOJHOMY CEPEIOBHIIIL.
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6. [Tokazano, mo OapBHuKH 4.7 Ta 4.8 B komIuiekci 3 BSA 3MeHIIyIOTh CBOIO
IIUTOTOKCUYHICTH 110 BiHOIIEeHHIO 110 KiiTuH MCF-7, Toni sik 6apBHUK 4.5 TIPOSBIISB
IUTOTOKCUYHICTh NPU OMPOMIHEHHI HaBITh 32 MPUCYTHOCTI albOyMIHY.

7. Briepiie qociipkeHi KoH roraTty 13 rimoko3aminoM 3.4-GleN Ta 4.3-GleN na
OCHOBI MepalllaHiHOBOTO Ta CKBapaiHOBOro O0apBHUKIB. [lokazaHo, 1110 CUMETPUYHUI
CKBapaiHOBHMI KOH'IOraT HE BI3yali3yeTbCS B KIITHHAX, TOMI K HECUMETPUYHHMA

MEpOIIiaHiHOBUI KOH torat npoHukae B kiituan MCF-7 Ta Bizyaui3ye ix.
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