O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0413U001249
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 05-02-2013

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Boniunenp 'anuHa IleTpiBHa

2. Volynets Galyna Petrivna

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

Jata 3axucTy: 30-01-2013

CreniaJbHICTh 32 OCBITOIO: 8.070403

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 TeMaTHYHHX PYOPHK: 62.13.99

Tema gucepranii:
1. In3zaiiH iHriéitopis nporeinkinazu ASK1 in silico

2. Design of protein kinase ASK1 inhibitors in silico

Pedepar:

1. Inceprariiina po60oTa IpucBsIYeHa po3poodiii HU3bKOMOJIEKYJISIPHUX iHri6iTOpiB npoTteinkinasu ASK1 sonuny i
IOCIIIPKEHHIO iXHbOI B3aeMOIii 3 aMiHOKMCJIOTHUMU 3anmiukamu ATP-akuentopHoro caity ASK1 metogamu
KOMII'IOTEPHOT0 MOZe/II0BaHHS. Ha OCHOBI pe3ysbTaTiB BipTyalbHOTO CKPUHIHTY Ta 6i0XiMiYHOTO TECTYBaHHS
3HANZIEHO [1Ba HOBi Ky1acH iHribiTopis npoteinkinasu ASK1 - nmoxigHi 2-Tiokco-TtiazoniguH-4-ony i 3H-HadT10O[1,2,3-
IelxinosiH-2,7-1ioHy. I3 3aCTOCYBaHHSM METO[IiB THYYKOI'O IOKIHTY Ta MOJIeJII0OBaHHS MOJIEKYJISIPHOI MHaMIKU 17151
iHriGiTOPiB 3alPOIIOHOBAHO MOJIeJli B3aeMO/lii 3 akTUBHUM 1LieHTpoM ASKI Ta BCTaHOBJIEHO 3aJI€XKHICTh aKTUBHOCTI
Bif XiMi4HOI CTPYKTYpH 3aMiCHMKIB. Hal6isbll IepCIEKTUBHUM iHTi6iTOpaM IPUCBOEHO NEPCOHAbHI Ha3Bu PFTA-1
ta NQDI-1. [TokazaHo, 10 BOHU € JOCUTD crieliupivHuMU cTOCOBHO ASK1 i MarOTh MMEBHUM IUTOTPOTEKTOPHUI
edeKT Ha KIiTuHHUX JiHisax HT22 ta HEK293 3a ym0B anonTosy, BUKJIMKAHOTO Bif[IOBiAHO IIIyTaMaToM i (pakTopom
CHI3L2.

2. Apoptosis signal-regulating kinase 1 (ASK1) is the ubiquitously expressed mitogen-activated protein kinase kinase
kinase 5 that has a broad range of biological functions depending on the cell type and cellular context. ASK1 is



associated with several diseases. For example, ASK1 was identified as an essential component in the neuronal death
signaling pathway induced by expanded polyglutamine (polyQ) repeats. ASK1 activation by amyloid beta protein is
an important step in Alzheimer's disease pathogenesis. Recently, it has been revealed that ASK1 is also involved in
motor neuron cell death during familial amyotrophic lateral sclerosis. The inhibition of ASK1 by the recombinant
adeno-associated virus expressing a dominant-negative ASK1?N-KR mutant was capable of suppressing heart
failure progression by preventing cardiomyocyte apoptosis. In vivo study supports the role of ASK1 in the immune
response, since ASK1-deficient mice were resistant to lipopolysaccharide (LPS)-induced septic shock. It is ground
for the search of potential ASK1 inhibitors. The main aims of our research are to identify the small molecule
inhibitors of ASK1 and to predict binding modes of these ligands with ASK1 ATP binding site. In order to discover
novel ASK1 inhibitors we have performed screening program, using both in silico and in vitro approaches.
AutoDock and DOCK software were used to conduct receptor-ligand flexible docking. The virtual screening
experiments were carried out targeting the ATP binding site of ASK1 by browsing the commercially available
OTAVA chemical library of 164,840 compounds. The high-ranking 300 compounds have been taken for the kinase
assay study. In vitro experiments revealed that a number of 2-thioxo-thiazolidin-4-one derivatives showed
inhibitory activity towards ASK1. The most active compound inhibited ASK1 with IC50 = 2 microM. Then, we
performed in-depth study of this chemical class using the pre-selected library of 8,425 2-thioxo-thiazolidin-4-one
derivatives. Ten compounds were selected and taken for the kinase assay. Compound 2-{5-[5-(3,4-dichloro-
phenyl)-furan-2-ylmethylene]-4-oxo-2-thioxo-thiazolidin-3-yl}-propanoic acid (PFTA-1) possesses submicromolar
activity (IC50 = 0.65 microM). The inhibitory profiles of PFTA-1 were investigated in vitro using protein kinases
CK2, JNK3, Aurora A, FGFR1, HGFR1 and Tie2. Our preliminary selectivity studies have demonstrated that
compound seems to be potent inhibitor of ASK1. To inspect the binding mode of studied compounds we analyzed
ASK1 complexes with 2-thioxo-thiazolidin-4-one derivatives generated by molecular docking software. It turned
out that peculiarity of the PFTA-1 in the comparison to other inactive nine compounds is its ability to bind
simultaneously to the part of kinase domain known as "hinge region" and the phosphate-binding region of the
ATP-binding cleft. Our further goal was to use structural core of PFTA-1to develop more potent and selective
inhibitors of ASK1. 32 derivatives of 5-(5-phenyl-furan-2-ylmethylene)-2-thioxo-thiazolidin-4-one were
synthesized and tested. Comparing SAR and modeling data, it can be assumed that the presence of phenyl ring in
the compound structure, which takes part in the hydrophobic interaction with hinge region, is very important for
the inhibitory activity against ASK1. However, the substituents on the phenyl ring only slightly affect the potency of
investigated compounds. It was also turned out that the carboxylic acid in the structure of 5-(5-phenyl-furan-2-
ylmethylene)-2-thioxo-thiazolidin-4-one derivatives is necessary for inhibitory activity toward ASK1. Virtual
screening also allowed us to identify small-molecule inhibitor of ASK1 among 3H-naphtho[1,2,3-de]quinoline-2,7-
diones. In vitro experiments revealed that ethyl 2,7-dioxo-2,7-dihydro-3H-naphtho[1,2,3-de]quinoline-1-
carboxylate (NQDI-1) inhibited ASK1 with IC50=3 microM. Accordingly to the in silico modeling results, the
mechanism of ASK1 inhibition involves the hydrogen bond formation between carbonyl of NQDI-1 and ASK1 hinge
region. Our preliminary selectivity studies have demonstrated that this compound is a selective inhibitor of ASK1.
At the next step, compounds PFTA-1 and NQDI-1 were investigated in HEK293 and HT22 cells during apoptosis
induced by CHI3L2 and glutamate, respectively, to determine whether they are also active in cellular systems. In
these experiments inhibitors demonstrated cytoprotective effect. However, high concentrations of the inhibitors
were toxic. These results strongly suggest that the core structure of studied compounds can be used for further
optimization to improve biological properties.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:
IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopHTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:

IlizcyMKHu BOCIIiAKEHHS:



Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasibHO-€KOHOMIYHA CIPSIMOBAHIiCTh:

OxopoHHi gJokymeHTH Ha OIIIB:

BnpoBazkeHHS pe3yJIbTaTiB AHCEpPTaIii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. SIpmomok Cepriii MukosiaitoBuy

2. Yarmoluk Sergiy Mykolayovych

KBasigikamis: .x.x., 02.00.10
ImenTudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmanist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizmomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. ly6eii Irop SlpocnaBoBrY

2. ly6eit Irop SIpocnaBoBuy

KBasigikanis: g.x.n., 02.00.10
InenTudikarop ORCID ID: He 3acrocosyerscs
JopaTrkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoo KeHHS:

dopma ByracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Ipo6ort Jlionmuna BopuciBHa

2. Ipo6or Jlrogmuia bopuciHa

KBasigikanis: 1.6.u., 03.00.04
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

InenTudgikarop ROR: He zacrocosyerscs

PeuenzeHTu

VIII. 3ak1104Hi BiZOMOCTI
Baache IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOrO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBnHuKk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisiIBHOCTI

€nbcbka 'anHa BaneHTuHiBHA

€nbcoka ['aHHa BaneHTuHiBHA

IOpuenko T.A.



