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AHOTALIA:

I'aay3b: BioTeXHOIOTIsI, €H3MMOJIOT s, HAHOTEXHOJIOT1s1, 610eJEKTPOXiMis

Onuc mpoexTty: 3amiaHoBaHe AociipkeHHs «Di3uKo-XiMiYHA XapakTepHu3allis CHHTETHYHHMX KaTaliTHYHHX
HaHoOMartepiaiB, NPUAATHUX IS OIOCEHCOPIB Ta OIOMaJIMBHUX EJIEMEHTIB» CTOCYETHCS KIIBKOX CYMIKHUX
JMCLUIUIH (eH3uMoJIorii, Qi3uyHOi XiMii, HAHOTEXHOJIOT1H Ta OioeneKkTpoximii) i crpsMoOBaHEe Ha CTBOPEHHS
HOBHUX 0i0€JIeMEHTIB 151 610CEHCOpIB i3 BUKOPHCTaHHSM HaHOMATepiaiB.

MerToro IpoeKTy € po3poOKa HOBHX METOAIB OTPUMaHHs 010CENeKTHBHUX HAHOEIEMEHTIB, sIKi CKJIaJaroThes 3
SH3UMIB/KIIITUH 1 HAHOHOCIiB, iX CTPYKTypHO-QYHKLIOHAJIBHA XapakTepH3alis, a TaKOoX JJOCIiKEHHS
MOJKJIMBOCTI BUKOPHCTaHHS 010()yHKIIIOHAIBHUX HAaHOCTPYKTYP JJIsl KOHCTPYIOBaHHS OioceHcopiB. Sk mokasaHo
B HaNIMX OCTaHHIX myOmikamisix [1-4], BUKOpWUCTaHHS HOBHMX IPOBIIHWUX HAHOMAaTepialiB Ja€ MOXIMBICTH
TTOKPAIICHHAS aHATI THYHIX XapaKTePUCTUK 010CEHCOPIB.

JlOCKOHAJIICTh Ta OPHUTIHAIBHICTH HPOEKTY TPYHTYIOTBCS Ha imel BUKOPUCTaHHS KOMEPLIHHO HEeIOCTYIHHX
€H3MMIB KJacy OKcuIopemykras. LlimpoBi €H3MMH, B TOMY YHCII PEKOMOIHAHTHI, OyAyTh OYMIICHI 3 KIIiTHH
MiKpOOHHX HAANIPOAYIICHTIB Ta iMMOOITi30BaHi Ha HOBITHIX HaHOMarepiaiax (abo Ko-iMMOOii30BaHI 3 HUMH Ha
TTOBEpXHi EJNEKTPOAiB) i OyIyTh BHKOPHCTaHI s MOOYIOBH aMIiepoMeTpudHUX OioceHcopiB. OcoOIUBICTIO
3aIIPOIIOHOBAHOI0 HAYKOBOTO IPOEKTY € MDKANCIUILTIHAPHUN XapakTep.

Jesiki HayKoBO-TeXHiYHI HiJIi MPOEKTY BU3HAYEHO HACTYITHUM YHHOM:
1. Onep>xatu HOBI MeTasieBl HaHOYacTUHKH (HY) 1uIsX0oM XiMi4YHOTO CHHTE3Y.
2. Onepxatnt HY 3 kaTtaniTHYHUMH BIaCTHBOCTSAMHM LIIIXOM KOH torauii 3 okcugopeaykrazamu (6ioHY).
3. OxapakTepu3yBaTH BJIACTUBOCTI OoTpuMaHuX Oi0HY i3 3acTOCyBaHHSM BHCOKOTEXHOJOTIYHUX (Di3HUHHX
METO/IIB.
4. Po3pobuTH Ta 0XapakTepu3yBaTH HOBI eJeKTpoau Ha ocHoBi 6i0HIT mist amnepomerpuyHux GioCeHCOPIB.

OCHOBHOIO 1Ie€10 JIOCIIJDKEHHSI € CTBOPEHHS HOBMX OloKaramizaTopiB Ha OCHOBI TPaJWIIHHUX 1 HOBUX
HaHoOiomarepiams st mMoOynoBu amiepoMmerpudHux OioceHcopiB (ABC). Pi3HOMaHITHI eIeKTpOXiMi4HO
aKTUBHI HaHOMaTepiaid, BKiIroyaroun HaHowacTuHkM (HY) mumaxeTHMX 1 mepexiiHUX MeTaliB, OyayTh
BHUKOPHCTOBYBaTHCS SIK HOCii s iMMoOimizamii eHsuMiB/kimiTuH. OcraHHiM wacoM HY maioTp BenmuesHe
HayKOBE Ta IIPAKTUYHE 3HAYECHHS SIK JUIs (QYHJaMEHTaJIbHUX JOCIIKEHb, TaK 1 Ul TOTEHI[IHHOTO 3aCTOCYBaHHS
B MEAWIMHI Ta iHAYCTpii BUCOKMX TEXHOJOTiIH. Y morouyHoMmy mnpoekti meraneBi HY, oTpumaHni 30ib-reib
MeTooM, OyIyTh MOIH(IKOBaHI BBEJCHHIM N0MaTKOBUX (yHKmioHANbHUX rpyH (-NH>2, -COOH) 3 mogansmmoro
OioyHKITIOHATI3aII€I0 SH3MMaMHU/KIIITHHAMHE 32 TOTIOMOTOI0 0i()yHKITiOHAIEHIX PEarcHTIB.

Mu mnanyeMo po3pOOHTH HOBiI BHCOKOCENIEKTHBHI, UyTiHBi Ta cTabimbHi ABC 3 BUKOpHUCTaHHIM HACTYITHUX
okcupopenykras: ramakto3ookcugasu ([AO), amxorompokcumasm (AO) Ta capkosmHokcuaazu (COX). [ns
I[HOTO, BUCOKOOYHUIIIECHI CH3MMH 1 TEHETHYHO MOIU(IKOBaHI APDKIPKOBI KINTHHH - HAAMPOIYLEHTH IiJIHOBOTO
eH3nMa, OynyTh iMMOOiTi30BaHI Ha IIOBEpXHI E€JEKTPOMIB NUIIXOM BKIIOYCHHS B MOJIMEpPHI MATpPHII.
OnTumizoBaHa MaTpurs, mo MicTuTh HY, 103BONMTH MiJBUIIMTH JOKAJbHY KOHLEHTPAIIO €H3MMa, a TaKOX
HiZBUIIMTH CTaOUIBHICT €H3UMY, IO KPUTHYHO BAaKJIMBO JUIsl 3aCTOCYBaHHS TaKuX OlokarajizaropiB y
koHcTpytoBaHHI ABC. MoTuBallis BHUKOPUCTaHHS KIITHHHHUX Karaji3aropiB 34e0iiblIoro IoB’si3aHa 3
BIZICYTHICTIO JESKMX OKCHIOPENYKTa3 Ha KOMEpLIHHOMY PUHKY, & TaKOX TOMY, IO BOHH € €KOHOMIYHOIO
ANBTEPHATUBOIO OYHUIICHOMY CH3UMY.

VY 3amnanoBanux jgociiukeHasax 'AO, AO (abo apikmkoBi KiniTHHY siK poayneHtn) i COX, xon’rorosani 3 HY
(6ioHY), OynyTh oxapakTepu30BaHi B acCMEKTi iX CTPYKTYpHO-(YHKIIOHAJbHUX BJIACTUBOCTEH: KaTaIITHYHUX
napameTpiB, CEJIEKTHBHOCTI BiJIOBIeH Ha BiANOBiAHI cyOcTpary, QyHKIiOHAaIbHA CTAOLIBHICTE 1 CTAaOIIBHICTD
npu 30epiranni. OcobauBy yBary OyJe NpHIUICHO BUBUCHHIO MOXJIMBHX mepear 0ioHY mopiBHSHO 3 iX
MIKpOaHaJOraM#, 30KpeMa MOXJIHMBOCTI IpsMoro (0e3MemiaToOpHOro) eNeKTPOXiMiyHOI KOMYHIKamii Mix
€H3UMOM Ta IIOBEPXHEI0 €JEKTPOJa B OKHMCHO-BIIHOBHHX CHCTEMaX, a caMme OlOCEeNeKTMBHUX MeMOpaHax.
HemonaBHO MU IposeMOHCTPYBaiIH, O KOH foramis nepokcuaasu 3 HY OmaropomHux MeTamiB mpu3Bena 10
3HAYHOTO TOCWJICHHS EJIEKTPOXIMIYHOTO CHTHAITy, BHINOi crabimbHOCTI Oeameniatopaoro ABC, a Takox o
PO3MIMpEHHs JAiana30Hy JIHIMHOCTI JETEKUil TiAPOTeH MEepOKCHAY Ta BHIIOI YyTIMBOCTI Oioenmekrpoma [5].
3rigHo 3 HAIIMMH TOMEPeAHIMU Pe3yJbTaTaMHU, JesSKi KOMIIO3HIIl JBOKOMIOHEHTHHX TiopumaHux HYU MoxyTh
OyTH epCIEKTUBHUME XEMOCEHCOPAMH U XeMOACTEKIIil TiJpOTeH MePOKCHY .

OnrtumizoBaHi 6iocesleKTHBHI MEMOpaHH (MICTATh OKCHIOPEIYKTa3H, IMMOOILTI30BaHi Ha HAWOLIBII e()eKTHBHUX
HY) Oymyrp BumpoOyBaHI SK CEHCOpPHI €JEeMEHTH JabOpaTOpHMX NPOTOTHIIB aHaNi3aTOpIiB Ui aHalizy
MPAKTUYHO BAKJIMBUX AHAMITIB — TalaKTO3H, IIEPBUHHMX CIIMPTIB, CapKO3WHY, BAXIMUBHX METAaOONITIB y
KITIHIYHIH IarHOCTHIII Ta BAYKIMBUX KOMIIOHEHTIB XapYOBUX IPOTYKTiB.

BukopucranHs HaHOMAaTepialliB K HOCIIB €H3UMIB/KJIITHH JO3BOJIUTH OTPUMATH SIKICHO HOBI XapaKTEPHCTHKH
OiokaTajizaTopiB, a OCOOJIMBO JUIsl €H3WMIB — MIiJBHUINCHY 3AaTHICTh JO NPSMOTO TMEPEHOCY EJIeKTPOHIB Ha




MOBEPXHIO TeperBoproBaua. OWiKyeThCsl, IO MOEAHAHHS HOBMX 0i0- Ta HAHOTEXHOJIOTIH JacTh MOMKJIMBICTH
CTBOPIOBATH HOBI MaTepiaiy Ta po3po0IsaTH HOBI Oe3MeriaTOpHI 6i0CeHCOpH.

OcHOBHI 04iKyBaHi pe3yJIbTaTH:

1) bByayrp 3ampornoHoBaHi HOBI migxoxud cuHTe3y Ta ¢yHkmioHamizauii HY. Byne ortpumano Ta
OXapakTepr30BaHO MOHO- Ta Oi-MeTtasieBi HY, 1o mictsaTh 2-3 pi3Hi nUsIXeTHi abo ImepexiJHi MeTalu.

2) BHCOKOOYHILICHI aKTHBHI OKCHAOPEOYyKTa3M - ankoronbokcuaasa (AO) i ranakrozookcunasza (I'AO) - OynyTh
BUJIIJICHI 3 BIJMOBIHMX HAANPOAYLEHTIB - InTaMiB ApixmkiB (Ogataea polymorpha) i rpu6is (Fusarium
oxysporum).

3) Hosi Giopyukuionanizosani HU (6ioHY) Oyne orpumano mmsixoM iMmMobimizartii ensumis (AO, COX i TAO)
a0o0 BiOMOBITHUX MIKpOOHHMX KIITHH Ha MOBEpXHi pi3HHUX (yHKIioHami3oBannx HY. Orpumani 6ioHY OymyTs
OXapaKTEepPH30BaHI B aCMEKTi X CTPYKTYPH, (Hi3MKO-XiMIUHUX Ta KaTAITHYHUX BIACTHBOCTEH.

4) Haiibinpmr epexTuBHI (KaTaMTHYHO akTHBHI Ta cradimbHi) 6i0HY Ha ocHOBi AO, COX Ta 'AO OymyTh
JOoCHiDKeHI sK Oiopo3mi3HABalbHI €JIEMEHTH aMIIEPOMETPHYHHUX Oi0CEHCOpiB, YYyTJIMBUX [0 AaHAJITIB
(MepBUHHMX CHHPTIB, CApPKO3MHY Ta TajlaKTO3H, BIAMOBITHO), OyIyTh CKOHCTPYHOBaHI Ta NMPOTECTOBAHO Ha
peanbHUX 3pa3Kax XapuOBHX MPOIYKTIB.

Hanii BUCHOBKH MOXYTb 3rOJIOM CTATH BOXJIUBUMU I QYHAAMEHTAJIBHUX 1 MPHKIIAIHIX TPHPOAHUYNX HAYK.
OuikyBaHUH Pe3yNbTAaT MPOEKTY BUXOIUTH 32 PAMKH iCHYFOUOTO PiBHS TEXHIKH, i OYIKYETBCS, IO BHACIHIIOK
peauizanii mpoexTy Oyae OTpUMaHO iHHOBALIHI pe3yabTaTi. ByayTh miaroToBIEHI A0 MyOiKalii CIiIbHI CTaTTi
(abo maTeHTH) 1 Te3W MIKHAPOTHUX KOH(EPEHIIiH, SKi y3arajJbHIOIOTH OTPHUMaHi pe3yJbTaTH. BpaxoByrouu
nepernigeHi mepeBarnm 0ioHII, mMo)xHa 3poOWMTH BHUCHOBOK, IO HAYKOBHH, CKOJOTIYHHMI, COIaJIbHUHA Ta
€KOHOMIYHHH BIUIMB IPOEKTY Oy/ie 3SHAUHHUM.

[Iporpama nocmiKeHHS CKIAIa€ThCS 3 HACTYITHUX 3aBIAHb!

3aBaanna 1. KyibTuByBaHHSI KJITHH APiKIKIB i rpubiB; BUAITeHHS Ta OYMILEHHS OKCHIOpPeIyKTa3 —
nepcrneKTUBHUX 0iokaTamizaTopiB 1J1si KOHCTPYIOBaHHs 0ioceHCOpiB.

1.1. JdpixmkoBi KIITHHH a00 KIITHHM rpuOiB, HAAIPOIYLUEHTH LIJbOBUX €H3MMIB, OyIyTh KyJIbTHBOBaHI B
ONTUMAIIBHUX YMOBaX.

1.2. Ensumu ankorompokcumpasa (AO) i ramakrozookcunaza (ITAO) OyayTe BHlIeHI Ta xpomaTtorpadidHo
OYMIIEHI 3 JPDKIKOBUX ab0 TpuOKOBUMX KIITHH. OUHMINEH] €H3MMH Ta KIITHHH, a TaKoX KOMepUiiHY
capkosuHokcuasy (SAO) Oyje BUKOPUCTAHO I TOOYI0BU 010CEHCOPIB.

3a yeii eman ionosioae ykpaincoka KOManoa.

3agaua 2. CunTe3, XiMmiuHa pyHKUioHai3aniss HAHOHOCIIB Pi3HOI0 MOXOMKeHHS, IX KOH I0ranisi eH3uMaMH1
a00 KJIITHHAMM Ta CTPYKTYPHA XapaKTepHCTHKA OTPHMaHUX HaHoOioMaTepiaJiB.

2.1. luzaiiH, XiMIYHUIA CHHTE3 Ta Xapakrepucruka Metanesux HY.

2.2. TectyBaHHs BIJIMBY cUHTe30BaHMX HY Ha eH3uMaTHuy aKTHBHICTh LIIBOBUX €H3UMIB.

2.3. Po3poOka BiAMOBIJHUX METOAMK IMMOO1TI3a1li] €H3UMIB Ha HAHOKOMIIO3UTaX.

2.4. ImMoOO6ii3arlis OYMINCHIX SH3UMIB 3 BUKOPUCTAHHAM 00paHuX ontuManbHux HY.

2.5. ®i3nuna ta $izuKo-XiMiYHA XapaKTepu3allis OTpuMaHuX 6ioHaHOKoMMo3uTiB (6ioHY).

IMMoOOGinizamis eH3uMiB Oy/ie 31HCHIOBATUCS Y JBOX OCHOBHHX HAMPSMKAX: MOIIYK MAaTPHUIlb, MPUIATHAX IS
iMMOOii3amii eH3uMiB, i BHOiIp MeTOAiB iMMoOimi3amii Ta crabimi3amii eH3uMiB (amcopOris, KOBaJCHTHE
3MMBaHHA) y CKiani OioceHCOpiB. 3aralbHMH IiAXiJ BKIIOYaTHME IMMOOiTi3amito eH3uMmiB  abo
JPIKIPKOBUX/TPUOKOBUX KIINTHH Ha TMOBEPXHI HAHOKOMITO3WTIB i 3a0e3MedueHHS 30UTBIICHHS JIOKATBHUX
KOHIICHTPAIill €H3UMIB, a TaKOX IIiABUIICHHS CTaliapHOCTI eH3uMiB. Li BIaCTHBOCTI € KPUTUYHO BAXKITHBUMH
JUTS BUTOTOBIICHHS OioceHcopiB. Ycrinme GopMyBaHHS 010HAHOKOMITO3HTIB Oy/Ie MiATBEPKEHO 32 JOMTOMOTO 0
CKaHYBaJIbHOI eNeKTpoHHOI Mikpockomii (SEM), aToMHO-CHIIOBOI MIKpOCKOIIi, €HEePreTHYHO-AUCIEPCITHOTO
pertreniBcekoro BumpomiHioBaHHsS (EDX), atomHo-emiciitHOi cmekrpockomii (AES) Ta enexTpoximiuHHX
METO/IiB 32 BUKOPHCTaHHS IMOTEHII0CTaTa/TalbBAaHOCTA.

YKpalHCBKMI TapTHEp OTpHMae BHUCOKOOYHIIEHI Ipenapard PeKOMOIHAHTHUX Ta MOIM(IKOBaHHUX EH3MMIB
(TAO; COX Tta pi3Hi (GOopMH aNKOroaboKcHaasu). JIOCIKEHHS 3 PO3POOKH METOMIB CHHTE3Y HOBHX
HaHoOMartepiaiB, sSKi MOXHa BUKOPUCTOBYBATH JUIsl iMMOOLTI3aIl] €H3UMIB, TPOBOAUTHME ITOJbCHKHII MTapTHEP.
JlocnipkeHHsT CTPYKTYpPHUX BJIACTHBOCTE OTPHMMAaHMX HaHOMaTepialiB 3/iHCHIOBATHMMETHCS CIIJIBHO Ha
o0J1aIHaHHI TIOJIBCBKOTO MapTHEpa.

3a yeii eman ionosioaroms sk YKpaiHcoka, Mak i NOJIbCbKA KOMAHOU.

3agaya 3. JlocaimkeHHsi (YHKOiOHAJIBHMX Ta AaHAJITHYHHUX BJIACTHBOCTeld OioceeKTHBHHX
HaHOeJeMEeHTiB, iIHTErpoBaHUX Yy Ja0opaTopHi mpoToTUNH GioceHCcoOpiB.

3.1 JHocmimkeHHs (YHKIIOHANBHIX Ta AaHAJITUYHUX BIIACTHBOCTEH OlOCETIEKTHBHUX HAHOEIEMEHTIB,
IHTerpoBaHUX y J1abopaTopHi MPOTOTHITN O10CEHCOPIB.

3.2 BunpoOyBaHHSI CKOHCTPYHOBaHHX MPOTOTHITIB OiOCEHCOPIB Ha MOAEIBHHUX Ta PEATbHHX PO3YMHAX, IO




MICTSITh CapKO3UH, TaIaKTO3y Ta NEPBUHHI CIIUPTH.

YkpaiHchbKuii TapTHEP BUBYATHME KIHETUYHI OCOOJIMBOCTI OKMCHO-BITHOBHUX peaKkliil y eH3UMHHUX MeMOpaHax,
KOH IOTOBAaHMUX 3 HaHOMarepianamM, y TOPIBHAHHI 3 MIKpOaHAJIOTaMH TakUX OlOCENIEKTHMBHUX EJEMEHTIB.
Oco0OmuBy yBary Oyje MPUIICHO BHBUYCHHIO MOXJIMBHX IEPEBar HAHOHOCITB Ta TEHETUYHO MOAU(DIKOBAHHX
(hopM eH3uMiB, 30KpeMa, JUIS TiABUILEHHS €(pEeKTUBHOCTI IpsAMOro (6e3MeaiaTOpHOr0) IEPEHOCY €IEKTPOHIB Bij
MOJIEKYJI €H3MMY JIO TIOBEpPXHI €JEeKTpOja, IO CTaHE OCHOBOIO JJIsi CTBOPEHHS HOBHUX €JIEKTPOXiMIUYHHX
GioceHcopis.

[Monbchkuii mapTHEpP NpPOBeAe MOCTIIKEHHS CTPYKTYPHOI CTabilbHOCTI OTpUMAHMX HaHOGioMarepiamiB. Ix
(i3uKo-XiMiYHA CTPYKTypa BHBYATUMETHCS B IUHAMIN TpU pi3HUX yMoBax 30epiramHsa. Kpim Toro,
JOCITKEHHS (Pi3UKO-XIMIYHUX XapaKTePUCTUK Oi0CEIIEKTUBHUX HAaHOCIEMEHTIB Oyae MPOBOAUTHCH Ha OCHOBI
1a00paTOPHUX MPOTOTHUITIB O10CEHCOPIB, CENEKTUBHUX JI0 ranakTo3u (Ha ocHoBi I'AQ), capko3nHy (Ha OCHOBI
CAO) Ta mepBHHHHX CTIAPTiB (3 BUKOpUCTaHHSIM AO).

3a yeti eman ionosioarome AK YKpaiHcbKa, Max i NOIbCbKA KOMAHOU.

Ilaan podoTn

Nerr/mt Cramii Micsnb
1-5| 6-11 |12-17|18-24
1. KynbTuBYBaHHS KJIITHH IPIKDKIB 1 TPUOIB; X X

BUJIIJICHHS Ta OYUIICHHS OKCHIOPEYKTa3 —
MEPCIIEKTUBHIUX 010KaTali3aTOPIB s
KOHCTPYIOBaHHS 010CEHCOPIB.

2. CunTes, QpyHKIIiOHaNI3a1iI HAHOHOCIIB, iX

KOH'foTalis 3 eH3uMaMi a00 KIIITHHAMHA Ta X X

CTPYKTYpHA XapaKTEPUCTUKA OTPUMAHHUX
GioHaHOMaTepiaB

3. [ToGynoBa ammiepoMeTprIHIX OI0CEHCOPIB HA
ocHoBl AO Ta ixHs OloaHa/i THYHA X X
XapaKTEePUCTHKA

4, IToOynoBa aMrepoMeTpUYHIX OIOCEHCOPIB Ha X X
ocHoBi I'AO Ta ixHs OioaHaTITHYHA
XapaKTEePHUCTHKA

5. [TobynoBa aMmrnepoMeTpuyHUX Ol0CCHCOPIB HA X X
ocHoBi CAO Taixns 6ioaHaTITHYIHA
XapaKTepPUCTHKA
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MeTta npoekTy: 3ariaHOBaHI JOCHIJKEHHSI CTOCYIOTBCSI KUIBKOX CyMDKHHMX JUCHMILIH (€H3UMOJIOTII,
HaHOTEeXHOJIOrT, OioesiekTpoxiMii Ta (i3n4HOI XiMii) 1 CHpsSMOBaHI Ha CTBOPCHHS HOBUX OlOENEMEHTIB IS
6ioceHCOpiB 3 BUKOPHUCTAHHIM HOBHX HaHOMarepialiB. MeToro MPOEKTY € po3poOKa HOBUX METOJIB OTPUMaHHS
010CEIEKTHBHIUX HAHOCJIEMCHTIB, SKi CKJIAJAIOThCS 3 C€H3UMIB a00 KJIITHH 1 HAHOHOCIIB, iX CTPYKTYpHO-
(yHKIIOHANBHA XapaKTepu3allis, a TaKoX JOCIKEHHS MOJIMBOCTI BUKOPHCTaHHS Oi0QyHKIIOHAII30BaHUX
HaHOCTPYKTYp IJIsl KOHCTpyIoBaHHsS OioceHcopiB. OcoOnuBy yBary Oyne NpHIUICHO BHBYEHHIO MOMKJINBHX
mepeBar HAaHOYACTHHOK TIOPIBHSHO 3 IXHIMH MIKpOaHaloraMH, 30KpeMa, MOXJIMBOCTI IPSIMOTO
(6e3MeniaTOpHOr0) eNEeKTPOXiMIYHOTO IMEPEHECEHHS EJICKTPOHIB MK €H3MMaMH Ta IOBEPXHEI €JCKTPOoIa B
penoKc-cucTeMax (Ha IPHKIAI OKCHIOPEAYKTa3).

B3aemoBuroga Ta ouikyBami pe3yabraTu: Peanizailis HUHIIIHBOTO IPOEKTY JACTh 3MOTY 00’ e€qHaTH ifnel,
TEXHIYHI MiJXOOH Ta EKCHEPUMEHTaJbHI HaBUYKH YKPATHCBKUX Ta IOJIBCBKUX HAayKOBHX KOJEKTHUBIB. Jlist
peanizauii 3aBIaHb MPOEKTY IUIAHYETHCS MPOBEICHHS HU3KHU JIOCHIKEHb 00 € THAHHSIM 3yCHIIb JBOX HAYKOBHX
KOJISKTHBIB: BiJlily aHaymiTnyHOi GioTexHoumorii [Hctutyry kiitunHOI Oionorii HAH VYkpainu (ykpalHChbKuiA
naptHep, naii — sk «YII») ta komanau nosscbkoro naprHepa (mam «IDi-IT»: Bigmin enexTpoJHHUX MpOLECciB
Incturyty disnunoi ximii [Tombecbkoi akanemii Hayk (Bapmasa, [Tonbma).

VII npencrasneHuil ¢axiBUIMH B Taly3i aHANTHYHOI OiOTEXHOJIOTIi, €H3MMOoJIorii Ta OIOCEHCOPHKH, SKi
BOJIO/IIOTH NPIOPUTETHUMH HABUYKAMH y KOHCTPYIOBaHHI JPDKIDKOBHX HAAIIPOIYLICHTIB €H3MMIB 1 po3poOri
TEXHOJIOTi{ OTPHMaHHS BHCOKOOYMIIECHHX EH3WMHHUX IIpernapariB [yl OioaHamTtuunux wiyeid. Jlo ckiamy
HaykoBHiB YII BXomaTh (haxiBIi i3 KOHCTPYIOBaHHS OiOCEICKTHBHUX CIEMEHTIB CeHCopiB. HuMm cTBOpEeHO
BHUCOKOYYTJIMBI JIAOOPATOPHI MPOTOTHIM OiIOCEHCOPIB AJIS CENIEKTHBHOTO BH3HAYCHHS €TAHOINIY, IJIepuHy, L-
JaKTary, L-apriHiHy — CIIOJIyK, MOHITOPHHT SKHX MA€ BEJIMKE 3HAUCHHS JUIS Xap4yoBOi MPOMHCIIOBOCTI, ITPOIIECIB
OpomiHHS, eKOJOTil Ta KIIHIYHOI JiarHOCTHKH. Bimmin anamitmanoi 6ioTexHomorii [HeTuTyTy Giomorii KIiTHHI
HAH VYkpainn mae MarepiadbHO-TeXHIUHEe 3a0e3lmedyeHHs I KyJIbTHUBYBaHHS KINTHH IPKIKIB 1 TpUOIB
(TIoXWBHI cepeoBHINA, CTEPUIIbHI OOKCH, aBTOKIJIABH, TEPMOCTATH, TEPMOCTATHYHI MIEHKEpH, NEe3iHTETPaTopH,
neHTpudyTH, msodimizatopu; obragHaHH), HEOOXiAHI IS BUIIJICHHS, OYNIICHHS SH3UMIB 1 JOCHIHKSHHS 1XHIX
(hi3MKO-XIMIYHHUX XapaKTEPUCTHK Ta anapaTypy Ul MPOBECHHS eJIEKTPOXIMIYHMX JOCIIKEeHb (IOTEHIIOCTaTh
«CHI 1200A» i «PGstat16»).

Jo cknany xonektuBHy HaykoBuiB [Di-I1 BxomsaTh ¢axiBui y ramxy3i NpHKIAAHOI €JNeKTPOXiMii, KOIOiTHOI Ta
HAHOXIMI1, fKi 3aiiMalOThCS BUBYCHHSM MEXaHI3MiB PEHTTCHIBCHKOTO 1 HEHTPOHHOTO pO3CIIOBaHHSI Ta
BUKOPHCTAHHS IIMX SIBULL JUIsl BUBYCHHS CTPYKTYp MarepianiB. [Ln-I1 mae nocBia po3poOku MeTOiB CHHTE3Y Ta
(yHKUioHani3alil HAaHOHOCITB Pi3HOT XIMIYHOI IPUPOAN Ta IMMOOLITI3aLil HA HUX 010JOriYHO aKTHBHHUX CHOMYK.
IIn-I1 mMae nmoCHigHWIBKY, aJAMIHICTPAaTHBHY Ta 1HHOBAIlIfHY KOMIICTCHIIIIO INOJ0 TEMATHKH 3arlIaHOBaHOI
MPOEKTHOI Mporo3uii. Y Bl enexTpoauux mnpoueciB [HetutyTy ¢dizuanoi xiMii [loabsebkoi akageMii Hayk €
CydyacHe BHCOKOTEXHOJIOTiYHE oOnamgHaHHsS Uil KoHcTpyroBaHHs OioceHcopiB (Ilorenmiocrar/I anpBanocTtar
Metrohm Autolab PGSTAT30). [ns xapaktepucTiKH po3Mipy Ta Mopdostorii HU B maboparopisx IHcturyry
noctymHi npunany st HPC, SLS, DLS, anamizaropu po3Mmipy gactuHok, SEM, TEM, SIMP Bucokoi po3miibHOT
3MaTHOCTI, (ayopectenTHuil criekTpomeTp Perkin Elmer LS 50B, mpumanm mist TUHaAMIYHOTO pO3CIFOBaHHS
CBITJA.

Y pe3ynapraTri HAyKOBOi CIIBOpAIli IONBCBEKI KOJETH OTPHMAIOTh IOCTYI 1O VHIKAIGHUX KOMEPIIHHO
HEJOCTYITHHX PEKOMOIHAHTHHX €H3MMiB, OTPHMAaHUX YKPAIHCHKHM MapTHEPOM i3 TEHETHYHO MOIU(pIKOBaHUX
MIKpPOOpTaHi3MiB. ¥ CBOIO 4epry, yKpaiHChbKa KOMaHAa CKOPHCTAETHhCSA JTOCATHEHHSIMH MOJIBCHKOTO MapTHEpa B
ramy3i OTpMMaHHS HOBHX HaHOMATEpialliB i OTpHMae IOCTYN M0 YHIKalbHOTO oOmamHaHHS. [IpO€KT Takox
cupuiatuMe npodeciiHoMy pPO3BHTKY MOJOAWX HAYKOBIIIB 000X KpaiH 3aBASKH ITyONIKaIlisM Yy HPECTHXKHUX
MDKHApOJHHX XKypHaiax. Pe3ynbpraTu HociipkeHHs Oy Iy Th BUKOPUCTaH1 AJIs HiATOTOBKH MariCTepchKoi poOoTH
Ta KaHIMIATChKOI JWMCepTaliii MOJIOIMX HAyKOBLIB, SIKI BXOAATh IO CKJIany KojekTuBy. CHiBmpaist Mix
naboparopisimu Ykpainum Ta Ilombii BinOyBaTHMeThcs y (opMi CIIJIBHHX JOCHIPKEHb Ta Mpe3eHTalil
pe3ynpTatiB y opMi CIITBHUX MyOJiKalliil Ta/a00 maTeHTyBaHHS.

YuyacTh M0JIOIMX TOCTITHUKIB Y IPOEKTI:

3 ykpaiHCbKOi CTOPOHM B peaiizalii MPoeKTy Bi3bMYTh y4acTh 5 HayKoBIiB: 1 TOKTOp 6i0JIOTIYHUX HAYK, YJICH-
kopecrionieHT HAH VYkpainu (npod. ['onuap M.B.), 1 monoauii gokrop Gionoriunux Hayk (Craciok H.€.), 2
HaykoBi criBpobitauku ([JemkiB O.M. ta 3akanscekuii A.€.) Ta 1 Mmonoauii Buenuit — Haym FO.M. (cTyzmentka 5
Kypcy OionoriuHoro ¢akynsreTy JIbBIBCHKOTO HalliOHATLHOTO yHIBEpCUTETY iMeHi [BaHa ®PpaHka).

3 moJbCHKOI CTOPOHH 10 TIPOEKTY Oy/e 3amydeHo 4 ocoOu: 3 HaykoBIi Ta 1 Mooanii BUCHUIA (acmipaHT).

B pesynbraTi 0OMiHY BUeHi 3 JBOX KOMaHJ CTBOPATh HOBi J1aOOpaTOpHI NMPOTOTHIM OiOHAHOCEHCOPIB 3
NOKPAIICHUMHU aHAJIi THYHAMH [apaMeTpaMu, sKi HOTCHILIHO € MPeAMETOM MaTeHTYBaHHI.




OuikyBaHi pe3ynbTaTH MDKHAPOJHOI CHiBIpani B paMkax IIpoekry:

- IHTerpamisi HayKOBIIB JIBOX €BPONEHCHKUX KpaiH 31 CHIJIBHUMM BHYTPILIHBO- Ta MDKIMCLHUILIIHAPHUMU
JIOCITI IKCHHSAMH;,

- METOJIOJIOTI4HE 30arayeHHs] BUCHUX JIBOX CTOPIH;

- MiJITOTOBKA CHIJIBHUX IPOEKTIB Y PaMKaX €BPOIEHCHKUX HAYKOBHX 1 HAYKOBO-TEXHIYHHUX IPOTrpaM;

- myOumiKarii B IpeCTHKHUX HAYKOBHX XXYypHaax;

- 3HAYHWHM OCBITHIH BIUIMB 3a PaxyHOK Y4YacTi MOJIOJMX BYCHUX/ACIipaHTIB 1 CTYAEHTIB y IUIAHOBUX
JOCITIIKEHHSX

- Kap'epHUH pICT MOJIOAMX HAyKOBIIIB 000X KpaiH 3a pe3ysbTaTaMu MyONiKamiil y MPecTHKHIX MiXKHAPOJHHIX
KypHajax.

emani emuuHoi nonimuxu

- BynyTe omy6mikoBaHi JHIe BiATBOPIOBaHI IEPEBiPEHi pe3ynbTaTh

- Yci pykonucu OyIyTh CXBaJeHi BCiMa CIIiBaBTOPaMH

- Yci criiBaBropH OyAyTh 3alTy4eHi J0 MPOLECY MPUHAHSATTS PILICHHS 010 BUOOPY BiANOBIHOTO XypHATY

- Ilepmm aBTOpOM OyJie JItOIMHA, SIKa MTPOBEIE O1TBITICTh EKCIIEPIMEHTIB

B pesynbrati peamzamii mpoekTy OyayTh CTBOPCHI HOBI JIaOOpaTOpHI MPOTOTHUIH aMIICPOMETPUUHUX
010CeHCOPIB 3 MOKPALICHUMHU aHATITHYHUMH NTapaMeTpaMH, SIKi MOTCHIITHO 3aCIyroByIOTh aTEHTYBaHHSI.

OuikyBaHi pe3yabTaTH Mi’kHapoaHoI cniBnpani B pamkax IIpoekTry:

- IHTerpamisi HayKOBIIIB JIBOX €BPONEHCHKUX KpaiH 31 CHIJIBHUMM BHYTPIIIHBO- Ta MDKIUCHUILTIHAPHUMHU
JTOCTTI IKCHHSAMM,

- METOJI0JIOTi4HE 30arayeHHs] HayKOBLIB JABOX CTOPiH;

- 3HAYHWH OCBITHIH BIUIMB 3a PaxyHOK Y4YacTi MOJIOJMX BYEHHUX/AcIHipaHTIB 1 CTYAEHTIB Y IUIAHOBUX
JIOCTTI UKCHHSIX

- Pesynpratn OymyTh MpenCTaBieHI y CTaTTAX Y PEHTHHIOBHX XypHajax Ta HAa MiPKHApOJHMX KOH(EpPEeHIIsX,
CUMIIO3iyMax i ceMiHapax. Peanizamis HayKOBHX 3aBJaHb MPOEKTY 3a0€3MEYUTh YyJOBHH MPOCTip IS Mepenadi
3HaHb Yepe3 TICHE IapTHEPCTBO MiXK JBOMa KpaiHamMu Ta 3a0e3neunTh OOMIH 3HAaHHSIMH, IO IpPHHECE
0araToo0iIAI0Yy KOPHCTh SK ITapTHepaM, TaK 1 HaHOHAyIi 3aramoM. OTpuMaHi pe3yJbTaTH CIPUATHMYTH
MaHOyTHIM MOXIIMBOCTSIM CITIiBIpAIli Ta MApTHEPCTBA I [HCTUTYTIB, a TAKOXK CTAaHYTh OCHOBOIO JUTSI TIOAAHHS
HOBHX CITIJIFHUX ITPO€EKTIB.

Ilnan HayKoBHX 0OMiHIiB Ha KOKeH PiK: (Ha BC1 POKHM TPUBAIOCTI IIPOEKTY)

1-# pik 2-1i pik
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* 3arajbHa KiJIBKICTh 0C10 5 5
* 3arajbHa KiJbKICTh ITOI3/I0K 5 5
* 3arajgbpHa TPUBAIICTD TOJOPOKeEH (y 50 50
JTHSX )
Bi3uTi moJbCcbKHX HAYKOBLIB 10
Ykpaiaun
* 3arajbHa KiJIBKICTh 0C10 4 4
* 3arajpHa KUIBKICTE ITO1310K 4 4
* 3arajpHa TPUBATICTh TOAOPOKEH (y 40 40
JTHSIX )
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Description of the project: The planned research “Physicochemical characterization of synthetic
catalytic nanomaterials suitable for the construction of amperometric biosensors” concerns several
adjacent disciplines (enzymology, physical chemistry, nanotechnology and electrochemistry) and is aimed
at creation of new bioelements for biosensors using nanomaterials.

Project’s objective is a development of new methods of obtaining bioselective nanoelements, which
consist of enzymes/cells and nanocarriers, their structural and functional characterization as well as study
of the possibility to use biofunctionalyzed nanostructures for construction of biosensors. As shown in our
recent publications [1-4], the use of novel conducting nanomaterials results in improving analytical
characteristics of biosensors.

Excellence and originality of the project are based on the idea to use commercially unavailable red-ox
enzymes. The goal enzymes, including recombinant, will be purified from microbial over-producers’ cells
and immobilized on conductive nanomaterials (or co-immobilized with them on electrode’ surface), and
will be used for amperometric biosensors’ construction. The objective of the proposed scientific
investigation is the combination of research with practice by the usage cutting-edge science and
technology in an interdisciplinary research field.

Several scientific and technical objectives of the project are defined as following:

1. To obtain new metallic nanoparticles (NPs) by chemical synthesis.

2. To obtain NPs with catalytic properties by conjugation with redox enzymes (bioNPs).

3. To characterize the properties of obtained bioNPs with the usage of high-tech physical methods.

4. To develop and characterize the novel bioNPs-based electrodes for amperometric biosensors.

The main idea of the research is creation of the new biocatalysts, based on the traditional and new
nano-biomaterials, to be used for construction of amperometric biosensors (ABS). Various electro-active
nanomaterials, including nanoparticles (NPs) of noble and transitional metals, will be exploited as carriers
for enzymes/cells immobilization. Recently, NPs are of a huge scientific and practical importance for both
fundamental research and potential applications in medicine and high-tech industry. In current project,
metallic NPs, obtained by sol-gel method, will be modified by introduction of additional groups (-NH,, -
COOH), followed by biofunctionalization with enzyme/cell using bifunctional reagent.

We plan to develop novel highly selective, sensitive and stable ABS with the usage of the next
oxidoreductases (OR): galactose oxidase (GAQ), alcohol oxidase (AQ) and sarcosine oxidase (SOX). For
this purpose, highly purified OR and genetically modified yeast cells, over-producers of the target OR,
will be immobilized on the surface of electrodes by incorporation into the polymeric matrixes. The
optimized matrix, containing NPs, will allow increase a local OR concentration, and enhance a stability of
the OR that is critically important for application of such biocatalysts in construction of ABS. The
motivation to use cell-based catalysts is mostly related with non-availability of some OR on the
commercial market, and because they a very economical alternative to the purified OR.

In the planned research, GAO, AO (or yeast cells as the producers) and SOX, conjugated with NPs
(bioNPs), will be characterized in the aspect of their structural and functional properties: catalytic
parameters, selectivity of responses to the relevant substrates, functional and storage stability. Special
attention will be paid to study of possible advantages of bioNPs compared with their micro-analogues, in
particular, possibility of direct (mediator-less) electrochemical communication between OR and electrode
surface in red-ox systems, namely, biosensors. We demonstrate recently that conjugation of peroxidase
with NPs of noble metals resulted in significant amplification of electrochemical signal, a higher stability
of mediator-less ABS, as well as to broadening the linearity range of hydrogen peroxide detection and a
higher sensitivity of the bioelectrode [5]. According to our preliminary results, some compositions of two-
components-hybrid NPs would be promising chemo-sensors on hydrogen peroxide.

Optimized bioselective membranes (containing OR, immobilized on the most effective NPs) will
be tested as sensor elements of laboratory prototypes of analyzers for assay of practically important
analytes — galactose, primary alcohols, sarcosine, important metabolites in clinical diagnostics and key
components in food products.

The use of nanomaterials as carriers of enzymes/cells will enable obtaining qualitatively new
characteristics of biocatalysts, and especially for enzymes — enhanced ability for direct electron transfer to
transducer’s surface. Combination of novel bio- and nanotechnologies is expected to give possibility to
create new materials and to develop novel mediator-less biosensors.

The main expected results are the following:
1) The new approaches for synthesis and functionalization of NPs will be proposed. The number of mono-




and core-shell hybrid NPs, containing 2-3 different noble or transition metals will be obtained and
characterized by their physico-chemical properties as well as by ability for sensing hydrogen peroxide.

2) The highly-purified active oxido-reductases alcohol oxidase (AQ) and galactose oxidase (GAQO) will be
isolated from the correspondent over-producers of the yeast (Ogataea polymorpha) and fungal (Fusarium
oxysporum) strains.

3) The number of new biofuctionalized NPs (bioNPs) will be obtained by immobilization of enzymes
(AO, SOX and GAO) or corresponding microbial cells on the surfaces of different functionalized NPs.
The obtained bioNPs will be characterized in aspect of their structure, physico-chemical and catalytic
properties.

4) The most effective (catalytically active and stable) bioNPs based on AO, SOX and GAO will be
studied as bio-recognizing elements of amperometric biosensors, sensitive to the analytes (primary
alcohols, sarcosine and galactose, respectively), will be constructed and tested on real samples of food
products.

Our findings might be eventually important for fundamental and applied natural sciences. The expected
outcome of the project goes beyond the existing state of the art and the project is expected to generate
innovative results. The joint papers (or patents) and abstracts of intemational conferences resuming the
obtained results will be prepared for publication. Taking into account the listed advantages of bioNPs, we
can conclude that scientific, environmental, social and economic impact of the project will be significant.

The research program consists of the following tasks:

Task 1. Cultivation of the yeast and fungal cells; isolation and purification of oxidoreductases — promising
biocatalysts for the construction of biosensors.

1.1. Yeast or fungal cells, over-producers of the target enzymes, will be cultivated under optimal
conditions.

1.2, Enzymes alcohol oxidase (AO) and galactose oxidase (GAQO) will be isolated from the yeast or
fungal cells, purified with chromatographic methods and characterized. These enzymes and the cells as
well as commercial sarcosine oxidase (SAO) will be used for biosensors construction.

Ukrainian team is responsible for this stage.

Task 2. Synthesis, functionalization of nano-carriers of different origin, their conjugation with enzymes
and structural characterization of obtained nanobiomaterials.

2.1. Design, chemical synthesis and characterization of metallic NPs.

2.2. Testing of the influence of the synthesized NPs on enzymatic activity of the target enzymes.

2.3 Development of appropriate techniques for the red-ox enzymes’ immobilization on nanocomposites.
2.4 Immobilization of the purified enzymes using the selected optimal NPs as a matrix.

2.5. Physical and physicochemical characterization of obtained enzyme-bounded NPs
(bionanocomposites, bioNPs).

Enzymes’ immobilization will be carried out in two main directions: a search of matrixes suitable for
immobilization of enzymes and a choice of methods for immobilization and stabilization of the enzymes
(adsorption, covalent cross-linking) in biosensors. The general approach will include the immobilization
of enzymes or yeast/fungal cells on the surface of nanocomposites to provide an increase in enzymes’
local concentrations and enhancement of the enzyme’s stability. These properties are critically important
in biosensors fabrication. The successful formation of bionanocomposites will be confirmed by scanning
electron microscopy (SEM), atomic force microscopy, Energy dispersive X-ray (EDX), atomic emission
spectroscopy (AES) and by electrochemical methods with potentiostat/galvanostat.

Ukrainian partner will obtain highly purified preparations of recombinant and modified enzymes
(GAO- without modifications and tagged form with hexahistidine cluster on N-terminal end; sarcosine
oxidase and various forms of alcohol oxidase). Research on development of methods of synthesis of
new nanomaterials, which can be used for enzymes immobilization, will be conducted by the Polish
partner. Study of structural properties of obtained nanomaterials will be jointly realized using facilities
of Polish partner.

Both Ukrainian and Polish teams are responsible for this stage.

Task 3. Study of functional and analytical properties of bioselective nanoelements integrated into
laboratory prototypes of biosensors.

3.1 Study of functional and analytical properties of bioselective nanoelements integrated into laboratory
prototypes of biosensors.




3.2 Testing the constructed biosensors prototypes on sarcosine, galactose and primary alcohols.

Ukrainian partner will study Kkinetic pecularities of redox-reactions in enzymatic membranes,
conjugated with nanomaterials, compared with micro-analogues of such bioselective elements. Special
attention will be paid to study of possible advantages of nano-carriers and genetically modified forms
of enzymes, in particular, for increasing efficiency of direct (mediatorless) electron transfer from
enzyme molecules to electrode surface, which would be as a basis for creation of new (third)
generation of electrochemical biosensors.

Polish partner will carry out research on structural stability of obtained nanobiomaterials. Their
physical and chemical structure will be studied in dynamics at different storage conditions. Moreover,
study of physicochemical characteristics of bioselective nanoelements will be carried out using as a model
the laboratory prototypes of biosensors selective to galactose (based on GAO), sarcosine (based on SAQ)
and primary alcohols (with the use of AO).

Both Ukrainian and Polish teams are responsible for this stage.

Graphical presentation of the work plan

No Stage Month
1-5| 6- 12 - 18 —
11 17 24
1. | Preparation of the yeast/fungal
cells and enzymes X X
2. | Synthesis, functionalization of
nano-carriers, their conjugation | x X

with enzymes or cells and
structural characterization
3. | Construction of amperometric

biosensors based on AO and their X X
bioanalytical characterization

4. | Construction of amperometric X X
biosensors based on GAO and
their bioanalytical
characterization

5. | Construction of amperometric X X

biosensors based on SAO and their
bioanalytical characterization
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4) Demkiv, O., Gayda, G., Stasyuk, N., Moroz, A., Kausaité-Minkstimiené, A., Gonchar, M., Marina
Nisnevitch, M. (2023) Flavocytochrome b,-Mediated Electroactive Nanoparticles for Developing
Amperometric L-Lactate. Biosensors. 13(6), 587

5) Stasyuk N, Gayda G, Demkiv O, Darmohray L, Gonchar M, Nisnevitch M (2021) Amperometric
biosensors for L-arginine determination based on L-arginine oxidase and peroxidase-like nanozymes.
Applied Sciences 11(15): 7024. https://doi.org/ 10.3390/app11157024

Project objectives: The planned research concerns several adjacent disciplines (enzymology,
nanotechnology, electrochemistry and physical chemistry) and is aimed at creation of new bioelements for
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biosensors using nanomaterials. Project’s objective is a development of new methods of obtaining
bioselective nanoelements, which consist of enzymes/cells and nanocarriers, their structural and functional
characterization as well as study of the possibility to use biofunctionalyzed nanostructures for construction
of biosensors. Special attention will be paid to study of possible advantages of nanoparticles compared
with their micro-analogues, in particular, possibility of direct (mediatorless) electrochemical
communication between enzymes and electrode surface in redox systems (on the example of
oxidoreductases).

Expected/Intended results and benefits: Realization of the current project will make it possible to
join ideas, technical approaches and experimental skills of Ukrainian and Polish research teams. For
the realization of the Project’s tasks, it is planned to carry out a number of studies with combined
efforts of two scientific teams: team of the Department of Analytical Biotechnology of the Institute of
Cell Biology, NAS of Ukraine (Ukrainian partner, hereinafter referred to as “UP”) and team of Polish
partner (hereinafter referred to as “PL-P”: Department of Electrode Processes, Institute of Physical
Chemistry, Polish Academy of Sciences (Warsaw, Poland).

UP is represented by specialists in the field of analytical biotechnology, enzymology and
biosensorics. UP possesses priority results in construction of yeast over-producers of enzymes and
development of technology of obtaining highly purified enzymatic preparations for bioanalytical
purposes. UP is composed of specialists in construction of bioselective elements of sensors. They have
created highly sensitive laboratory prototypes of laboratory biosensors for selective determination of
ethanol, glycerol, L-lactate, L-arginine — compounds, monitoring of which has a great importance for
food industry, fermentation processes, ecology and clinical diagnostics. Moreover, UP has developed
enzymatic, including biosensoric, approaches to the analysis of xenobiotics and at the same time toxic
metabolite — formaldehyde; conducts work on development of biosensoric approaches to the analysis
of methylamine in fish products and D-lactate in yoghurts and blood. The Department of Analytical
Biotechnology, Institute of Cell Biology, NAS of Ukraine has the material and hardware support for
the cultivation of yeast and fungal cells (culture media, sterile boxes, autoclaves, thermostats,
thermostatic shakers, disintegrators, centrifuges, lyophilizers; the equipment for isolation, purification
of enzymes and study of their physicochemical characteristics and apparatus for conducting
electrochemical studies (potentiostats "CHI 1200A" and "PGstat16").

PL-P is composed of specialists in the field of applied electrochemistry, colloid and nano-
chemistry, study of mechanisms of photic, X-ray and neutron scattering and use of these phenomena
for studying of materials structures. PL-P has experience in the development of methods of synthesis
and functionalization of nano-carriers of various chemical nature and immobilization on their service
of biologically active compounds. PL partner has research, administrative and innovation management
competence in thematic of the planned project proposal. In the Department of Electrode Processes,
IChF PAS there is modern high-tech equipment for the design and operation of biofuel cells
(Potentiostat/Galvanostat Metronm Autolab PGSTAT30). To characterize the size and morphology of
NPs: HPC, SLS, DLS, particle size analyzers, high resolution SEM, TEM, NMR, Perkin Elmer LS
50B Fluorescence spectrometer, dynamic light scattering instrument is available in the Institute labs.

As a result of scientific cooperation, Polish colleagues will have access to the unique,
commercially unavailable, recombinant enzymes obtained by Ukrainian Partner from genetically
modified microorganisms. In its turn, the Ukrainian team will take advantage of the Polish Partner’s
achievements in the field of obtaining novel nanomaterials and will get access to the unique
equipment. Project will also enhance professional development of young scientists from both countries
as a result of publication in prestigious international journals. Results of research will be used for
preparation of PhD thesis and doctoral thesis. Cooperation between the UA and the PL laboratories will
take the form of joint research activities and evaluation of the results that will be displayed in joint
publications and/or patenting.

Participation of junior researchers in the project:

5 scientists from the UA will take part in the implementation of the project: 1 Doctor of Biological
Sciences, Corresponding Member of the National Academy of Sciences of Ukraine (Prof. Gonchar
M.V.), 1 young Doctor of Biological Sciences (N.Ye. Stasyuk), 2 researchers (Demkiv O.M. and
Zakalsky Andriy Yevstakhovich) and 1 young scientist - Naum Yu.M. (student of the 5th year of study
of the Faculty of Biology of Ivan Franko National University of Lviv). From the PL-P 4 people will be
involved in the project: 3 scientists and 1 young scientist (postgraduate student).




Two scientists of Ukrainian Partner (Dr. hub. Nataliya Stasyuk and Dr. Olha Demkiv) carried
their scientific work in the Institute of Physical Chemistry Polish Academy of Science in the frame of
the individual FEBS and IIE-SRF fellowships during 2022 — 2024 years.

The obtained results were combined in the the set of scientific works titled "Electrodes based on
enzymes, recombinant cells and nanozymes for the construction of biosensors"” and was submitted for
the competition for joint awards of the National Academy of Sciences of Ukraine and the Polish Academy
of Sciences for the best results achieved by scientists of both Academies during joint research. The work on
the creation of biosensor devices, presented in the set of scientific publications "Electrodes based on
enzymes, recombinant cells and nanozymes for the construction of biosensors", was also carried out in
accordance with the terms of Memorandum of Understanding on scientific and technical cooperation,
signed between the Institute of Physical Chemistry of the Polish Academy of Sciences (Warsaw) and
the Institute of Cell Biology of the National Academy of Sciences of Ukraine (Lviv).

Plan of the scientific exchanges (for each year of the project duration):

1% year 2" year

Ukrainian scientist to Poland
Total number of persons 5 5
Total number of travels S S
Total duration of travels (in 50 50

days)

Polish scientist to Ukraine 4 4
Total number of persons 4 4
Total number of travels 40 40
Total duration of travels (in

days)
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PART VI: SIGNATURES it
This project application must be signed and dated by both Project Leaders and Directors of both cooperating institutions

1 confirm that the above personal data were obtained as a result of the voluntary consent of data subjects and in accordance with art. 6 par. 1 of the
Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the protection of natural persons with mgmd to the
processing of personal data and on the free movement of such data, and repealing Directive 95/46/EC (General Data Protection Regulation), in order to
implement the PAN's projects in the field of international cooperation. o

At once, T declare that in relation to the above people, the information obligation has been fulfilled under Article 13 of the regulation, which indicated,
among others that the personal data administrator is the reporting institution.
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Dr. hab., Prof. Adam Kubas

Dr.Sc., Prof. Mykhailo Gonchar
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