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Kyuepsasuu €.11. [locnixenHs ctpykrypu Ta pyHkuii aC-perioniB Ta BBN- nomeniB
¢b16puH(OoreH)y 3a 10moMOororw MojekyaspHux edekxropiB. — KpamidikamiiiHa HaykoBa
mpais Ha MpaBax pyKOTMHCY.

HucepTariiisa Ha 300yTTsS HAYKOBOT'O CTyMHEHs JOKTOopa (iocodii 3a crieniagbHICTIO

091 «bionoria». — [acTutyT 610x1Mmii iM. O. B. ITannagina HAH Ykpainu, Kuis, 2025.

[Ipouecu mnomimepuszauii ¢QiOpuHy Ta arperauii TPOMOOLHUTIB € I€HTPaJIbHUMU
etanaMu (popMyBaHHS (HIOPUHOBO-TPOMOOIIMTAPHOT'O 3TYCTKY, IO JIEKUTh B OCHOBI
TpOMOOYTBOpeHHS. Y (Hi310JIOTTUHUX YyMOBaX TPOMOOYTBOPEHHS € KPUTHUYHO BaXKJIIMBUM
JUISL 3yIIUHKK KPOBOTEYl y BIAMOBIAb HA YIIKOHKEHHS CYAWHHOI CTIHKM Ta I1HIIiaIi
penapatuBHUX TporeciB. BogHodac, pO3BUTOK TPOMOIB Y HEMOMIKOKCHUX UTSTHKAX
CYIMHHOTO pyClia CTaHOBUTh CEpHO3HY NaTO(DI3I0NOTIYHY 3arpo3y, CIPUUYUHSIOUU
IIeMiYHe Ypa)K€HHS OpraHiB 1 TKaHWH. Y 3B’S3KYy 3 UM, JOCIHIIKEHHS MOJICKYJSIPHUX
MEXaHI3MIB, III0 PETYIIOIThH MojiiMepu3alliro GpiOpuHy Ta arperaifito TPOMOOIIMTIB, Mae
BaXJIMBE 3HAYEHHS ISl pO3POOKH CTPATET1i CENIEKTUBHOT MOIYJIALIIT TPOMOOYTBOPEHHS
— 3 MeTow 1HriOyBaHHS TAaTOJIOTIYHOTO BHYTPIITHBOCYAMHHOTO TPOMOOTEHE3Y Ta
CTUMYIIAIIT (Pi310JIOTTHHOTO €KCTPACYIUHHOT'O TeMOCTa3sy.

VY nuceprariiiHiii poOOTI BIepie MPOBEAECHO KOMIUIEKCHE TOCHTIIKEHHS (PYHKIT
OKpPEMHX CTPYKTYPHO-(DYHKITIOHAIbHUX OfuHUIb (HiOpuH(oreH)y — aC-periony ta BPN-
JIOMEHY — 3 BUKOPUCTAHHSIM MOJIEKYJISIPHUX €(DEeKTOPIB, K1 BIIPIZHAIOTHCA 32 TPUHIIUIIOM
nii. TlopiBHAHHS e(EeKTIB MPOTEONITHYHOTO BIAIICIUICHHS, MPSMOTO OJIOKYBaHHS
AHTUTLIaMH a00 KOHKYPEHIIi 3 MeNTHJIaM{ 3a CalTH B3a€MOIIN JTO3BOJIMIIO 3pOOUTH
BUCHOBKHM MI0JI0 OCOOMMBOCTEW (DYHKIIIOHYBaHHS aKTHBHUX CaWTIB MOJEKYJIH,
po3minieHux y mexax oC-periony ta BBN-momeny.

Peamizariis 3amiaHOBaHOTO JIOCIDKEHHS Iependadana OTPUMaHHsS TpoTeiHas,
3MaTHUX TimpoiizyBaTH (HIOPUHOTEH, MPUTOTYBaHHS 3Pa3KiB YaCTKOBO TiIPOJII30BaAaHUX
dbopMm GiOpHUHOTEHY, MPOAYKIII0 MOHOKJIOHAJBHMX QHTUTUI JO BH3HAYEHUX CIMITOIIB

(G16pUHOTreHy Ta OTPUMAaHHS NPOTEOTITUYHUX HU3bKOMOIEKYISIPHUX TENTUIIB.



[Ipoteinaza 3 otpytu Echis multisquamatis Tinponizye nenTuaHuii 38’130k B42-
43 3 yTBOPEHHSIM YaCTKOBO TiiponizoBaHoi ¢popmu pidpunoreny desBp1-42. s popma,
no36asieHa N-kinus BB-manmtora He mae neHTpiB noniMepusanii «B» ta «C». Okpim
TOTO, BOHA Ma€ JiucoliioBaHi oC-perioHu.

[Ipoteinaza 3 orpytu Agkistrodon halys halys tigposizye TENTUIHUN 3B’SI30K
A0413-414, npu3BoAsYM 10 YTBOPEHHS YACTKOBO TipoJi30BaHOi (popmu (PiOpuHOTreHy
— desAo414-610. Ils dopma mae HatuBHI BBN-moMeHwH, siki He MOeAHYIOThCS 3 0C-
perionamu. BTim, Taka Mosiekysa Mae o6uaBI napu pidpuHonenTuaiB A ta B, aKi MOXYTb
OyTu BimmemieHi 3 (GoOpMyBaHHSIM IEHTPIB mojiMepusaiii «A» ta «By, ekcrioHoBaHi
HEHTPU ToJiMepu3alii «a» Ta «b», HATHUBHY MOCIIJOBHICTh, IO BKJIIOYAE IEHTP
nosiMepuzanii «C» Ta KOMIUIEHETapHUN HoMy LEeHTp «c». Boanouac, ¢iOpuH(oren)
desAa414-610 He mMae gomeHHOT yacTUHM OC-pETioHIB, a KOHEKTOpHa 4dacThuHa oC-
PErioHIB, II0 HE Ma€ CaWTIB MDK- Ta BHYTPIIIHBOMOJEKYJSPHUX B3a€MOJIH, BUIHLHO
JTUCOITIIO€ Bl OCTOBY MOJIEKYJIH.

[IpoTeinasa 3 KynbpTypaabHOTO cepenoBuia Bacillus thuringiensis var israliensis,
sIKa T1APOJIi3y€e NenTuIHuM 3B’ s130K Aa5S04-505, 103B0JIsSIE OTPUMATH YHIKAJIBHY YaCTKOBO
rigponizoBany ¢opmy ¢diObpunoreny desAa505-610, mnozb6aBieny C-KiHIIEBOTO
cyonomeny oC-periony, a Takox 1 cam nentun Aa505-610. BouyeBuab, y Takiit Gpopmi
¢bi6puHOTeHY 3asHIIoK aC-periony He popmye KomIuiekc 3 BBN-1omMeHOM Ta € BUTbHUM.
ImoBipHO Takox aC-perionu ¢idpunoreny desAaS505-610 He popMyr0oTh 3B’ SI3KH OTHE 3
OJTHUM.

Buxopucrani mpoTeiHa3u Tako JO3BOJIAIOTh OTPUMATH METITUIIH.

[lentung BP1-42 36epirae SKIo HE CTPYKTYpHI, TO MpHHAWNMHI (YHKIIIOHAJIBHI
ocobmuBocti BEN-goMeny. 30kpeMa, BiH MICTUTHh HEHTp modimepusarii «C», a oTke
3/1aTeH 3B’SI3yBATUCS 1 3 KOMIUIEMEHTAPHUM MOMY HEHTPOM «C» B D-perioni MoJiekyiu.

[lentung Ao0414-610 306epirac cailTh MIDKMOJEKYJSIPHHX B3a€MOJIINA, BIACTHUBI
noMeHHIM dacTuHi oC-perioHy. 3aBAsKd I[bOMY, BiH KOHKYPEHTHO 3B’S3yBaTHCS 3

cailTamMH, KOMIUIEMEHTApHUMH 10 TOMEHHOI YacTuHH oC-perioHy. 30KkpemMa, iIMOBIpHE



Moro 3B’s3yBaHHs 3 hiOpuHONEenTuIoM B, a Takox 3 pparmentamu oC-periony HaTUBHOL
MouieKysu (pi6puH(oren)y.

IMentun Aa505-610 mnpencrasise coboro C-kiHueBuid cybmomen oC-periony.
BinkputuM  numaeTbcsi  TMUTaHHA, 4YM  MOXe 1ed  ¢parmMeHT  QopmMmyBaTH
BHYTPIIIHBOMOJIEKYJIIpHI KoMIiuiekcu 3 BPN-momenom Ta aC-perioHoM. SKIio Take
3B’SI3yBaHHS MOJXJIMBE, TO (PparMEHT KOHKYpyBaTHUME 3 BIAMOBIIHMMH pPETriOHaMU
HATUBHO1 MOJIEKYJIM B Ipolieci nojiMepu3salii Gpi0puHy Ta 1HIIUX NPOTEiH-MPOTETHOBUX
B3a€EMO/IIH.

MomnoxknoHanbHe aHTUTUI0 2d2a 31aTHe ipsimo 6s1okyBat BR14-15 caitt. AHTUTLI0
3/1aTHE B3a€EMOJIIATH 3 (PIOPUHOTEHOM, a OTIKE 3B’ SA3YETHCS 31 CBOIM EIITONOM HE3a1eKHO
BiJl HASIBHOCT1 KOMIUIEKCY 3 olC-perioHamu.

MonoknonansHe antutiio [-5A, cnemudiuyne no emitonmy Aa535-595. Takum
YHHOM, BOHO 3/1aTHE 3B’si3yBaTHCs 3 C-KiHIIEBUM CyOJOMEHOM, MEPEIIKOIKAI0UN HOTO
MDKMOJIEKYJISIPHUM Ta BHYTPIITHBOMOJIEKYJIIPHUM B3a€MO/IISIM.

MomnoxknonansHe a"TuTUIO [-5B cnenudiune mo ¢parmenty Aoa414-492, orxe
B3aemojaie 3  N-kiHIEBUM  cyOgomMeHoM  oC-perioHy, IMOBIpHO  OJIOKYHOUH
OTIOCEepPE/IKOBaHI HHM  MDKMOJICKYJIApHI  B3aeMoxii. IMoOBipHO, CTpyKTypa Ta
G yHKITIOHAJIBHI PUCH THITUX (parMeHTIB MoJIeKyJId GiOpuH(OreH)y 3MiH HE 3a3HAIOTb.

3actocyBaHHsI 3a3HaueHUX eQeKTopiB y KoMOiHamlii 3 TypOiguMeTpiero,
TPAHCMICIMHOIO €JIEKTPOHHOIO MIKPOCKOITIEI0 Ta arperaTOMETPIEr0 JTO3BOJIMIIO OTPUMATH
VHIKallbHI pe3yNbTaTd, M0 JAI0Th BIANOBIAlI HAa HHU3KY MHTAaHb IIOJAO CTPYKTYpH Ta
byHKIIIH OKpeMuXx cyO1oMeHIB MoJIeKyu (hiOpruH(OTreH)y.

®ibpunoren, mno30aBneHuit ¢parmentry Bp1-42, BTpawaB 3maTHICTH 10
nosiMepu3ariii. BHeceHHs no cepemoBuia iHkyOarii ButbHOro mentuny Bf1-42 He
BIUTMBAJI0O Ha 3AaTHICTh GiOpuHy QopmyBatn mnpotodibpunu Ta ¢idpunu, xoua
MOHOKOJTHAJTFHE aHTUTLIO, crienu(ivae M0 i€l JUITHKHA, CYTTEBO MPUTHIYYBAJIO MPOIIEC
¢bi0puHOyTBOpEHHA. Taki pe3ynbTaTH, MATBEPIKCHI SIK TypOiAMMETpicro, Tak 1

€JIEKTPOHHOK  MIKPOCKOIIEIO, JIO3BOJIMJIM  3pOOUTH  MPUIIYHIEHHS, 1[0 UEHTP



nonimepuzaiii «C» y BBN-nomeH1 ¢yHKIIOHye nuile B KOMIUIEKCI 3 aC-perioHamu.
Binmennennss BPN-nomeny abo ioro 0y0KyBaHHS aHTUTUIOM 2d2a mpu3BOIUTH 10
BTpaTH 3[JaTHOCTI 10 MOJiMepHu3allli, M0 CBIAYUTH PO BaXJIMBICTh OI'O KOMILIEKCY.
Haromicts, mentun BB1-42, skuif Mir OM B3a€EMOISITH 3 KOMIUIEMEHTAPHUM ILIEHTPOM
noyiiMepu3ailii «c», He MokazaB €(EeKTUBHOCTI, II0 BKazye Ha KPUTHUYHY POJIb CaMme
komruiekcy BBN-nomeny 3 aC-perioHoM y peanizaiiii B3aeMo il HEHTPIB «Cx»:«ey.

3a 10moMorow TypOiIMMETpii Ta €IEeKTPOHHOI MIKPOCKOII Oyj0 MOKa3aHo, IO
nporeodiTiyHe BimmerieHHs sk N- Tak 1 C-kiHneBux cy0aomeHiB oC-perioHiB
nonoBxye lag-nepion mnomimepuzauii ¢iOpuHy, a OTXKe TaibMye (HOpMYyBaHHS
nporodibpun. Edexty BTpatn cyOmomeHiB oC-perioHiB Ha MIBUAKICTh JaTepabHOT
acotiamnii nporodiopun He BusineHo. Hatomicts, nentuau Aa414-610, Aa505-610, a
TaKOX MOHOKJIOHaIbHI aHTHTiNa [-5B, I-5A, mo 3gatHi OmokyBatu B3aemomii aC-
perioHiB, He BIUIMBAaIOTh Ha lag-miepioa, ane CyTTEBO MPUTHIUYIOTH JaTepaibHY
acorriaifiro mporodiopui. Ile Bkazye Ha BIIMIHHICTh ME€XaH13MiB 3aiTydeHHs 0lC-perioHiB
Ha PI3HUX eTamnax rojiMepu3allii: Ha erari mooy10Bu NpoTodi0pmiI BOHH (DYHKITIOHYIOTh
y komiuiekci 3 BBN-moMeHnamu, iMOBIpHO CTaOUII3yIoud iXHIO CTPYKTYPYy, a Ha eTari
JaTepanbHOI acomiallii mpoTodgiOpmI — 3any4arTh cyciiHi npotodiopuan 3apasku oC:
oC B3aeMOIISAM.

JlocmipkeHHsT  arperaifii  TpOMOOLMTIB 3a TMPUCYTHOCTI ONHCAHUX  BHIIEC
MOJICKYJISIPHUX €(eKTOPIB TaKOXX JTO3BOJIMIIO C(POPMYBaTH BHCHOBOK, MO0 3aJTyYCHHS
aC-perioHiB y 1ibomy mpoiieci. 3okpema, BTpata BRN-momeH1B He iHT10yBaIo MIBUIKOCTI
Ta CTYINEHA arperamii TPOMOOIMTIB, TOJI SK BTpaTa MOJIEKYJIOK (PIOpUHOTEHY
cyonomeniB aC-perioHiB M0 3HIKYyBalda CTYIiHb arperaiii. 3po0jaeHo MpUMyIEeHHS,
mo oC-perioHn CHPHUSAIOTh arperamii TPOMOONHMTIB, 30UIBIIYIOYM KIUIBKICTh Ta
MPOTSDKHICTh KOHTAKTIB MK KIIITHHAMU. IxHs mis peaizyeTbes IMCIs BiIIICTICHHS
GiOpUHOTIENTUIIB, IO CYMPOBOKYEThCSA Aucoriamiclo oC-perioHiB Bii OCTOBY
mosiekynu. Came Tomy OmokyBaHHST 0C-peTioOHIB aHTUTUIAMHU Y TIETITHIAMH HE BILIUBAE
Ha MIBUJIKICTh arperailii, ajge 3HWKYe 1i CTYMIHb 1 Clipuse Je3arperaiii, a BTpata BPN-

JIOMEHY MPU3BOJIUTH JIUIIE 0 Ae3arperarii.



Otpumani pe3yiabTaTH JO3BOJIAIOTH 3alPONOHYBAaTH HOBY MojJenb ydacTi oC-
perioniB 1 BPN-goMeHy y (iOpHMHOYTBOpEHHI Ta TpOMOOLMTapHIN arperamii, Mo €
BOXJIMBUM U1 PO3YMIHHA MeEXaHi3MiB (opMyBaHHS (PiOpUHOBO-TPOMOOIIMTAPHOIO

TPOMOY.

KuarouoBi caoBa: ¢iOpunoren, tpomOouutH, (piOpuH, NPOTEiHU, CTPYKTypHa
O1oJorist, mosimMepu3aitist piOpuHy, arperailiss TPOMOOIMTIB, MIKMOJIEKYJISIPHA B3a€EMOJII,

KIHETHKA, eJIEKTPOHHA MIKPOCKOIT1sl, TPOMOOYTBOPEHHS, IHT10yBaHHS, MIKPOCKOITISI.



ANNOTATION

Kucheriavyi Ye.P. Investigation of the structure and functions of the aC-regions and BBN-
domains of fibrin(ogen) using molecular effectors. — Qualification scientific work as a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 091 "Biology". — Palladin
Institute of Biochemistry, NAS of Ukraine, Kyiv, 2025.

Fibrin polymerization and platelet aggregation are central stages in the formation
of the fibrin-platelet clot, which underlies thrombogenesis. Under physiological
conditions, thrombus formation is essential for the cessation of bleeding in response to
vascular injury and the initiation of reparative processes. However, the development of
thrombi in undamaged areas of the vasculature poses a serious pathophysiological threat,
leading to ischemic damage of organs and tissues. Therefore, the study of molecular
mechanisms regulating fibrin polymerization and platelet aggregation is crucial for the
development of strategies for the selective modulation of thrombogenesis — aimed at
inhibiting pathological intravascular thrombosis and stimulating physiological
extravascular hemostasis.

This dissertation presents the first comprehensive study of the functions of specific
structural-functional domains of fibrin(ogen) — the aC-region and the BBN-domain —
using molecular effectors that differ in their mechanism of action. Comparison of the
effects of proteolytic cleavage, direct antibody blocking, or peptide competition for
interaction sites allowed conclusions to be drawn about the functional roles of active sites
located within the aC-region and the BBN-domain.

The implementation of the study involved the preparation of proteases capable of
hydrolyzing fibrinogen, the preparation of partially hydrolyzed fibrinogen forms, the
generation of monoclonal antibodies against specific fibrinogen epitopes, and the

isolation of proteolytic low-molecular-weight peptides.



A protease from Echis multisquamatis venom hydrolyzes the BB42—43 peptide
bond, generating a partially hydrolyzed form of fibrinogen — desB1-42 — that lacks
polymerization centers "B" and "C" and possesses dissociated aC-regions.

A protease from Agkistrodon halys halys venom hydrolyzes the Aa413—414 bond,
yielding desAa414—610 fibrinogen. This form retains native BBN-domains unbound to
aC-regions but possesses both fibrinopeptides A and B, capable of exposure and
interaction. It retains polymerization centers "A", "B", "a", and "b", along with sequences
for center "C" and its complementary site "c", but lacks the domain part of the aC-region,
with its connector region freely dissociating.

A protease from the culture medium of Bacillus thuringiensis var. israelensis,
which cleaves the Aa504-505 bond, produces a unique form — desAa505-610 — lacking
the C-terminal aC-subdomain and yielding peptide Aa505-610. In this form, the aC-
region likely does not interact with the BBN-domain or other aC-regions.

The proteases also allow the isolation of peptides BB1-42, which preserves at least
the functional features of the BBN-domain and binds via polymerization center "C".

Peptide Ao414-610, containing intermolecular interaction sites of the aC-domain,
may bind fibrinopeptide B and native aC-region fragments.

Peptide Aa505-610, representing the C-terminal oC-subdomain, may form
intramolecular complexes with the BBN-domain or other aC-regions.

Monoclonal antibody 2d2a directly blocks site BB14-15 and binds its epitope on
fibrinogen independently of aC-region complexation.

Antibody I-5A binds Aa535-595, potentially inhibiting intermolecular and
intramolecular interactions of the C-terminal subdomain.

Antibody [-5B targets Aa414-492, likely blocking N-terminal aC-subdomain
interactions.

The combination of these effectors with turbidimetry, transmission electron
microscopy, and aggregometry allowed for unique insights into the structure and function

of fibrin(ogen) subdomains.



Fibrinogen lacking BB1-42 loses its polymerization capacity. Free Bf1-42 peptide
did not restore protofibril/fibril formation, but monoclonal antibody 2d2a significantly
inhibited fibrin formation. This suggests that polymerization center "C" is functional only
in complex with aC-regions. Neither isolated peptide nor antibody could substitute this
interaction, highlighting the BBN-aC complex’s importance.

Proteolytic removal of either aC-subdomain delayed the fibrin polymerization lag
phase, without affecting lateral protofibril association. Peptides Ao414-610, Aa505-610,
and antibodies I-5A and I-5B had no effect on the lag phase but significantly inhibited
lateral protofibril association. This indicates different roles for aC-regions: in protofibril
formation (via BPN-complex stabilization) and in lateral association (via aC:aC
interactions).

Platelet aggregation studies revealed that BBN-domain loss had no effect on
aggregation rate or extent, whereas aC-subdomain loss moderately decreased aggregation
extent. aC-regions likely increase platelet contact area post-fibrinopeptide cleavage, and
their blockage or removal primarily affects aggregation extent and reversibility, not
initiation.

These findings support a new model for aC-region and BBN-domain involvement in
fibrin formation and platelet aggregation, relevant for understanding fibrin—platelet

thrombus formation mechanisms.

Keywords: fibrinogen, platelets, fibrin, proteins, structural biology, fibrin
polymerization, platelet aggregation, intramolecular complexes, kinetics, electron

microscopy, thrombosis, inhibition, microscopy.
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