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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: Kuichkuil HauioHaIbHMI yHiIBEpCUTET iMeHi Tapaca
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYyOPHK: 31.21

Tema guceprauii:

1. CuHTe3 Ta JoCiIKeHHs IeNTUIIB, 3alliTHUX Y TPAHCIIOPTI HAHOYAaCTUHOK Ta 6i0JIOriYHO aKTUBHUX CIIOJIYK Yepe3
JinigHi MemOpaHu.

2. Synthesis and research of peptides involved in the transport of nanoparticles and biologically active compounds

across lipid membranes.

Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCIIIKEHHIO 0YI0BU Ta TPAHCIIOPTHUX BJIACTUBOCTEN TpaHCMeMOPaHHOTO
nporeiny 6iyiTpaHCI0Ka3y, KIITUHOIIPOHVMKHUX NENTUAIB 3 HAHOYACTMHAMU, Ta CBITJIOYYTIMBUX «CTEIJIEHUX»
NenTumiB, 30aTHUX 10 GOTONEepEMUKAHHS, BCTAHOBJIEHHIO OCHOBHUX MPUHLMIIB iX BUKOPUCTAaHHS IJ151 TPAHCIIOPTY
BaHTaXiB BCEPEIVHY €yKapiOTUYHUX KJIITUH. BUKOpUCTOBYI0YM MeTOT, SIMP Ta MOJIeKyIIpHY AMHAMIKY, BUBYEHO
CTPYKTYPY i BIaCTUBOCTI Y MOJI€JIbHUX MilleJISIPHUX CEePelOBUIIAX, [0 MiMIKpPYIOTb MEMOpPaHy, YeTBEPTOTO
TPaHCMEMOPAHHOTO CerMeHTa IpoTeiny OisiTpaHcnokazu TM4. TIpoBeeHO NOCiIPKEHHS] BHYTPIlIHbOKJIITUHHO]
IOCTaBKM HAHOYACTOK Ha 0cHOBI SiC. Po3p06ieHO i excrieprMeHTaIbHO [TepeBipeHo rirnoTesy Ipo Te, o

3aCTOCOBYIOYY KJIITUHOIIPOHUKHI ENTUIY, MOXKHA 3IiICHUTH IHTEPHAJI3allil0 HAHOYACTHUHOK SIK B KJIITUHY, 1O



IinSThCS, TaK i B KJIITUHY, 11O He AinATbcsl. Po3po6sieHo nr3aiiH Ta IPOBEIeHO CUHTE3 CBITJIOUyTINBUX
«CTeIJIeHUX» MeNTUiB, 3IaTHUX iHri6yBaTu B3aemoio p53-MDM2. OnepskaHi Crioyyku 6yJu LOCiIKeHi 3a
nonomoroto KJl-criektpockornii Ta BuMipsiHa ix iHriéyioua akTUBHICTb 10 ipoTeiny MDM2. Jlns noKpalieHHs
KJIiITUHHOI IPOHMKHOCTI NENTUIOMIMETHKY 0yJ10 MOAU(DIKOBAHO BBEJCHHSIM 3aJIMIIKY apriHiHY Y Pi3Hi 10JI0>KEHHS
NeNTUIHOrOo JaHmora. [TIokazaHo, o MogibHi NenTULOMUMETHKY € NeCIeKTUBHUMU KaHAUAATaMU Y JIiKA JJ1s1
dotonnHaMigHOI Teparii OHKO3axBOpIOBaHb. Kit04oBi cj10Ba: MeMOpaHa, TpPaHCMEMOPaHHUI MTPOTeiH,

KJIiTI/IHOHPOHI/IKHI/II?I nenTua, HAHO4YaCTMHKU, «CTeNnJIeHun» MnernTumn.

2. The thesis is devoted to study of structure and transport properties of transmembrane protein bilitranslocase,
conjugates of cell-penetrating peptides with nanoparticles which were obtained by electrochemical anodation of
polycrystallic slilcon carbide, and also study of photosensitive stapled peptides. This work devoted to establishing
main principles of cell-penetrating peptides usage for transport of bilogical active organic substances and
nanoparticels into eykariotic cells. Forth segment of bilitranslocase, TM4 was studied by NMR, its structure and
properties in model micellar media was determined. By NMR data it was found that TM4 fragment contains two
proline residues near N-terminus, in positions 254 and 258 respectively. In two different micellar media, the X-Pro
peptide bonds are in trans-conformation. It was found by molecular dynamics calculations that secondary
structure motif of TM4 peptide is a stable o-helix in both SDS and DPC micelles. It was also found by RDF data
analysis that central o-helix of TM4 fragment has different character in different media: hydrophobic in anionic SDS
and amphiphilic in zwitterionic DPC micellar media. Cell uptake of SiC nanoparticles was studied. It was proposed
and proved by experiment that SAP-derived cell-penetrating peptides allow nanoparticles cell internalization into
both proliferating and non-proliferating cells. For each SiC-nanoparticles, modification corresponding the CPP
was chosen in the way that the surface functional groups of SiC-NP form non-covalent (supramolecular) bonds
with complementary CPP side chains. Fluorescent microscopy was used to establish that treatment of SiC NP(-)
with SAP peptide and SiC-NPs(+) with SAP-E peptide facilitates cell internalization of nanoparticles. It was proven
that successful nanoparticle delivery into cells strongly depends on peptide carrier, surface functional groups of
nanoparticles, its ionization state and complemention between nanoparticle and peptide side chains charge. Light-
sensitive staples peptides - inhibitors of p53-MDM2 interaction - were designed and synthesized by the double-
click reaction. For this, three diarylethene linkers with alkyne groups were synthesized. A linear peptide precursor
pDI-E was used as the design template, which is known as effective MDM2 binder. It was modified by introduction
of non-natural aminoacid - azidoornitine into proper positions of peptide chain. With the aid of azide-alkyne
[3+2]-cycloaddition reaction the library of photosensitive stapled peptides was synthesized. These
peptidomimetics were obtained in both open and closed photoforms and their photophysical and biological
properties were studied by CD spectroscopy and competitive fluorescent polarization assay. It was found that
introduction of the photoswitch in the peptide molecules allows regulation of binding affinity of stapled peptide
with target MDM2 protein. The best achieved open:closed photoform binding affinity ratio is 8,3. To improve the
cell penetrating ability of peptidomimetics, starting linear precursor was modified by arginine residues at six
different amino asid positions. It was found that one of arginine variants is cell-permeable and increase p53
concentration inside T22 cells more then 100-fold. These results show that such an approach is suitable for
increasing cell permeability of diarylethene-based stapled pDI-E derived peptides. It is an important result for
future development of photocontrolled drug candidates for cancer treatment. Keywords: membrane,
transmembrane protein, cell-penetrating peptide, nanoparticles, stapled peptide.
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