O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMeP: 0415U006167
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 30-11-2015

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OctpuHceka Osbra BacusiBHa

2. Ostrynska Olga Vasilivna

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HaykoBOi creniagbHOCTI: 03.00.20
Ha3zBa HayKoBOIi cIeniaJIbHOCTI: BiotexHonoris

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHCTy: 24-11-2015

CreniaJbHICTh 32 OCBiTOIO: 8.092901

Micue po60oTH 34,00yBayYa: [HCTUTYT MOJIEKYJIAPHOI 6i010Tii i reHeTrKM

Kopg 3a €IPIIOY: 05417101

Micuesnaxo,szeHHa: 03680, Kuis, Bys1. 3a60n0THOTO, 150

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi CleliaJai30BaHOI BYEHOI pasu). [126.237.01
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT MOJIEKYIAPHOI 6i0JI0Til i reHeTnKu
Kopg 3a €IPIIOY: 05417101

Micue3Haxoa KeHHs: 03680, Kuis, Bys1. 3a60510THOTO, 150

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpainu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 34.15.15

Tema gucepranii:
1. Po3po6ka HU3bKOMOJIEKYJISIPHUX iHTibiTOpiB poTeinkinazu CK2

2. Development of low molecular weight inhibitors of protein kinase CK2

Pedepar:

1. B pucepTaniiHiil poboTi 32 JOTIOMOT0I0 PeLeNITOPHO-OPiEHTOBAHOTO BipTyaJlbHOTO CKPUHIHTY, 610XiMiYHMX TECTIiB
in vitro i MeToZiB MOJIEKYJISIPHOTO MOJEJIIOBaHHS pO3p00JIeHO I 0XapaKTepPU30BaHO 5 HOBUX KJIACiB iHTiOITOPIB
nporeinkinasu CK2 - 3,4,5,6-rerparigporionipano[2,3-d]tiasonu, 4'-rigpokcrudiaBonu, 4'-kapbokcudiaBoHOIH,
(tieno[2,3-d]nipuminun-4-inTio)kap60HOBI KUCI0TU Ta (TieHO[2,3-d]nipumianH-4-inamiHO)KapOOHOBI KUCJIOTHU.
Binbuie nosioBuHYU (56 cniosyk i3 109) oTpuMaHuX iHTi6iTOPiB MPUTHIYYIOTh akTUBHICTh CK2 B CyOMIKpOMOJISIPHOMY
Iiana3oHi KOHLeHTpawiil. Ha OCHOBI JaHMX, OTPUMAaHUX B PE3YJIbTaTi MOJIEKYJISIPHOIO MOZEJIIOBAHHS, [100Y40BaHO
MogeJii B3aeMmofiii po3pobienux iHri6itopis 3 AT®-38'a3yBanibHUM caiiToM nporeinkiHazu CK2 i BCTaHOBIEHO
B32€MO3B'SI30K MDK XIMIYHOIO CTPYKTYPOIO CIIOJIYK Ta iX iHriGyBasbHOW akTHBHIiCTIO. Halle@exkTusHini iHribiTopu
nepeBipeHo Ha creln@iuHiCTh MO0 KaTaTiTUYHUX cy6oInHUIb ITpoTeinkiHazu CK2 in vitro.

2. Protein kinase CK2 is a ubiquitous, highly pleiotropic and constitutively active Ser/Thr kinase that has more
than 400 physiological targets and involved in many biological processes such as transcription, translation, cell
cycle control, proliferation, cell survival and apoptosis. This enzyme takes part in the development of various



diseases, including neurodegenerative and cardiovascular disease, inflammation, viral and parasitic infections and
many cancer types etc. Thus, inhibitors of protein kinase CK2 can be an effective tool for studying its role in
signaling pathways and used to develop of therapeutic agents. The aim of our research is to develop new low-
molecular inhibitors of human protein kinase CK2 and to develop their binding models with enzyme ATP-acceptor
site. Initially, the receptor-based virtual screening has been performed and a number of classes of potential CK2
inhibitors have been identified. One of them was 3,4,5,6-tetrahydrothiopirano[2,3-d]thiazole derivatives. Seven
inhibitors from this class were tested in vitro and have IC50 values in the range of 0,2 to 24,5 microM. The analysis
of the binding modes of these compounds with CK2 ATP-acceptor site showed that the main influence on complex
stability have hydrophobic contacts and hydrogen bond with Lys68. Another identified inhibitors of CK2 were
flavonoids - flavone and flavonole derivatives. Biochemical tests in vitro revealed that 19 flavones out of 49 selected
by virtual screening inhibit activity of CK2 (IC50<30 microM). The most active compound is FNH28 with IC50=0,1
microM. After studying the structure-activity relationship and inspecting flavones binding mode with ATP-
acceptor site of CK2 the 4'-hydroxyflavone core was chosen as a template for further structural optimization. New
synthesized derivatives show an incredibly high hit rate - 26 out of 28 compounds inhibit enzyme activity of CK2 in
submicromolar range. The analysis of binding modes of newly synthesized flavones has shown that their strong
binding with ATP-acceptor site is caused by interactions with its hydrophobic residues and formation of
intermolecular hydrogen bonding network with key amino acids Valll6, Lys68 and /or Asp175. It should be added
that IC50 value of the 4'-hydroxyflavone FNH79 is nearly 100 times higher than IC50 of fisetin, the most active
natural flavone known to inhibit CK2. Other identified flavonoids were carboxyl-containing flavones. In vitro tests
of 13 compounds from this class showed that five derivatives have inhibitory potency at the range from 0.6 to 8
microM. The studying of their structure-activity relationship and docking complexes indicated that the most effect
on the compounds activity has the presence of carboxyl group in position 4' of phenol ring and hydroxyl group in
position 3 of the heterocycle. The chemical optimization step allows us to obtain 13 new 4'-carboxyflavonoles. All
synthesized compounds have submicromolar activity (IC50=0.009-0.72 microM). The values of Ki for two more
potent inhibitors FLC21 and FLC26 were 13 and 2.5 nM, correspondingly. The binding mode of these compounds
with ATP-acceptor site showed an importance of hydrophobic substituents in structure of ligands for complexes
stabilization. The next studied series of compounds were thieno[2,3-d]pyrymidine derivatives. Initially, we
determined inhibitory activity of 28 substituted (thieno[2,3-d]pyrimidin-4-ylthio)carboxylic acids. Ten compounds
from this class have negligible activity toward CK2, ten compounds have IC50 in the range 0.1-7 microM. It was
estimated that the activity of 4-mercaptothieno[2,3-d]pyrimidines is a result of their competition with ATP
molecule for the binding site (Ki values of the most active compound 6a is 40 nM). Key contacts that contribute
significantly to the ligand binding are Van der Waals interactions of thieno[2,3-d]pyrimidine heterocycle with a
number of hydrophobic residues (Leu45, Val53, Val66, Valll6 and Ile174). In addition, active compounds form
intermolecular hydrogen bonds in two areas (hinge region and phosphate-binding region) of active site, that is
possible then R4 = propionic acid. 4-aminothieno[2,3-d]pyrimidines were synthesized as potentially active analogs
of previously described compounds. But, biochemical in vitro tests revealed that only 2 out of 18 new compounds
were active. The analysis of the complexes of these derivatives with ATP-binding site obtained with docking didn't
explain why inhibitors activity disappeared. It has been suggested that compounds form intramolecular hydrogen
bond. This hypothesis was confirmed during chemical optimization step which allowed us to design new more
active compounds with chemical structure that prevents formation of this intramolecular hydrogen bond. The
most active obtained inhibitors (NHTP23, NHTP25 and NHTP33) are ATP-competitive with Ki values 4.5 nM, 12.7
nM and 4 nM, respectively. Finally we studied effect of the most active from developed protein kinase CK2
inhibitors (with IC50 from 0.004 microM to 0.7 microM) on the activity of CK2alpha and CK2alpha' recombinant
proteins. Biochemical tests showed that isozymes have different sensitivity toward same compounds. The most
isoform-selective inhibitor is 4'-hydroxyflavone derivative (FLC26) with IC50 value of 0.02 microM (CK2alpha) and
0.003 microM (CK2alpha').

Jep>kaBHHH peecTpaniiiHuil Homep JiP:



IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopHTETHHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
IlizcyMKu BOCIiAKEHHS:

Iyosikarrii:

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Comnia;ibHO-eKOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHs pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. SIpmoimok Cepriii MukosiaiioBuy

2. Yarmoluk Sergiy Mykolayovych

KBasigikamis: n.x.n., 02.00.10
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocosyerbcs

VII. BizomocTi npo odiniiHNX ONIOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. IInatonoBa TetssHa MukoJsiaiBHa

2. [InatonoBa TergHa MuKoJiaiBHa

KBasigikanis: 1.6.u., 03.00.04
ImenTudikarop ORCID ID: He zactocoyeTrbes
JonaTkoBa iHdopmalist:

IloBHEe HaMEHYBaHHS IOPHIHYHOI 0COOH:



Kopg 3a €IPIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:
Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. Kapnios I1aBjio AHzpiioBuy

2. Kapnos IaBno AHpilioBuy

KBasigikanis: x.6.1., 03.00.20
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma Bi1acHoCTI:

Cdepa ynpasiiHHS:

Inentudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0o HAyKOBOi

OisIIBHOCTI

€nbcoka ['aHHa BaneHTuHiBHA

€nbcoka ['aHHa BaneHTuHiBHA

FOpuenko T.A.



