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3araabHa indopmanis / General Information

Ha3sBa npoexkrty
YKPaiHCHKOI0 MOBOIO /
Title of the project in
Ukrainian:

3acToCcyBaHHSI HAHOKOMIIO3UTHUX MaTepiadiB sl MOKPALLlEHHS
onepamiiHUX NMapaMeTpiB eH3MMHHMX OiOMATMBHUX eJeMEHTIB i
ABTOHOMHMX 0ioceHCOpiB.

Ha3zBa npoekry
AHIJIHCHKOI0 MOBOIO /
Title of the project in
English:

Application of nanocomposite materials for improving the
performance of enzymatic biofuel cells and self-powered
biosensors.

Anortauisa (maxc. 1000
cumeonie) | Summary
(max 1000 characters)

[Tomryk HOBUX JpKepen BIAHOBIIOBAHOI €HEprii Ta MiAX0/iB yTHIIi3aIlil
no0iyHux npomucioBux npoxayktis (IIIIII) e mnepmouyeproBumu
npoOjJeMaMu Cy4acHOi HAayKH, TOMY pPO3poOka OiomaauBHUX
enemenTiB (BI1E) Ha OCHOBI €H3MMIB, 3JaTHUX JI0 YTUJII3a1(ii TOOIYHUX
cyOCTpariB 13 OJHOYACHOIO TE€HEPAII€I0 EIeKTPUYIHOI eHEeprii, MOoxke
pO3B’s3aTH 11 OOMJIBI TOCTPI MPOOJIEMH — JEIMICBOI BiJHOBIIOBAHOI
CHCPI'CTHUKU Ta 3aXUCTY IlOBKiJ'IJ'IS[. Mertoro IIPOEKTY € p03po61<a HOBHUX
BIIE Ha ocHOBI TpHOHUX OKCHIOpEAyKTa3, iMMOOUII30BaHMX Ha
CHHTE30BaHUX eJ'IeKTpOHpOBi,Z[HI/IX HAHOKOMITO3UTHUX MaTepianax
(EHM). Ilnanyerbcs 3acTOCYBaHHS OYMILIEHMX HaMH Iperaparis
nmakka3u 1 aprimiHokcupasu (AprO), a TakoX KOMEpLiiHOI
rmoko3ookcuaazu  (I'O). Sk manwBO TUIAHYETHCS BUKOPUCTATH
Henopori IIIT: anst AprO/BIIE — GinkoBi rigposizatd Xap4oBoi
npomucioBocTi, s Jakkasw/BIIE  —  moxigni  denomy
(dbapManeBTUYHOI MPOMHUCTOBOCTI. OpPUTIHANBHICTh 1/1€1 TPOEKTY
nosisirae B moenHanus ['O ta HoBux en3uMiB 3 EHM, sk MeniaTopis Ta
mrydaux emumiB. AprO ta 'O s koHCTpyroBaHHsS 0i0aHOJIB,
JaKkKka3u — anua  OiokaronmiB. HoBu3HAa TpoeKTy TonATaE B
¢yskionanbHii iHTerpamii po3pobienux BIIE y 6iocencopu, mio
CTHIOXXUBATUMYTh BUPOOJICHY €HEPTIIO.

The search for new sources of renewable energy and approaches to the
utilization of industrial by-products (IBP) are the primary problems of
modern science, so the development of biofuel cells (BFCs) based on
enzymes capable of recycling by-substrates with simultaneous
generation of electricity can solve both acute problems — cheap
renewable energy and environmental protection. The aim of the project
is to develop new BFCs based on fungal oxidoreductases immobilized
on synthesized electrically conductive nanocomposite materials
(NMs). 1t is planned to use laccase and arginine oxidase (ArgO)
purified by us, as well as commercial glucose oxidase (GO). It is
planned to use inexpensive IBP as fuel: for ArgO/BFCs — protein
hydrolysates of the food industry, for laccase/BFCs — phenol
derivatives of the pharmaceutical industry. The originality of the
project idea lies in the combination of NMs and new enzymes with
NMs as mediators and artificial enzymes: ArgO and GO for the
construction of bioanodes, laccases - for biocathode. The novelty of the

project lies in the functional integration of the developed BFCs into
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self-powered biosensors that will consume the generated energy and at
the same time determine the amount of the analyte.

BignmoBigHicTh
npiopuTteTHiii ramysi
JOCJILIKEeHb
(8iomimumu
xpecmukom) |
Conformity with the

priority research area
(mark with X)

|| Enepreruxa ta eneproedexrusnicts / Energy and energy
Efficiency

[ ] Texuomorii o6oponnoro cnpsmysasust / Defense Technologies

[_] Exonorist Ta partionanske npupogoxopuctysanns / Ecology and
environmental management

X[_] Hayku mpo wuTTs1, HOBi TeXHOJIOTI] JTiKyBaHHs Ta MPOQiTaKTHKA
HaNUTOIIMPEHIITUX XBOPOO, TOCIiKEHHS Yy chepi 610TexXHOIOori,
Oioimkenepii Ta reneruku / Life sciences, new of treating and
preventing the most common diseases, research in the field of
biotechnology, bioengineering and genetics

[ ] Hosi peuoBunm Ta Marepiamm / New substances and materials

[ ] Indbopmaniiini Ta HOBI BupoGHMYi TexHOIOrI (a3epH,
npenu3iiiHi, MeXaHOTPOHHI, POOOTOTEXHIYHI, IJIA3MOBI,
OITOCJIEKTPOHHI, ceHcopHi Torro) / Information and new
production technologies (laser, precision, mechatronics, robotics,
plasma, optoelectronics, sensor, etc.)
[IpioputerHi npobaemu y cdepi coliaibHUX Ta TyMaHITaApHUX
nayk / Priority problems of social sciences and humanities

IHapThepu / Partners

Ykpaincoknii naptaep (UA) / Ukrainian Partner (UA):

Ycranosa / Name

[acTuTyT 6iomorii kmitnau, HAH Ykpainu, Bigain ananituanoi
oiorexnosorii/Institute of Cell Biology, National Academy of
Sciences of Ukraine, Department of Analytical Biotechnology

THowmosuii inoexc / Postcode: 79005,

E-mail: institut@cellbiol.lviv.ua

Homep men. / Phone: +380322612148

Caum / Web site: http://www.cellbiol.lviv.ua/

HayxkoBuii kepiBHuk / Principal investigator

KonrakTHa

IIIB nosuicmio, naykosuti cmynins / Scientific degree, name,

surname: 'onuap Muxaiino Bacunvosuu, npogecop, k.x.H., 0.0.H./
Prof., Dr, DrSci, Gonchar Mykhailo

indopmanis / Contact
information

Tocaoa / Position: 3as. 6iodinom ananimuunoi 6iomexnonoziil
Head of Department of Analytical Biotechnology

Homep men. / Phone: +380322612144

E-mail: mykhailo1952@gmail.com; gonchar@cellbiol.lviv.ua

JluroBchkmii naptHep (LT) / Lithuanian partner (LT):

Ycranosa / Name

Binvurocokuii ynieepcumem, paxyniomem ximii i ceonayx | Vilnius
University, Department of Analytical and Environmental Chemistry,
Institute of Chemistry, Faculty of Chemistry and Geosciences

FOpuouuna adpeca / Legal address: Jlumesa, Binvnioc, Hayeapoyko, 24 |
Universiteto st. 3, Vilnius, Lithuania

IOpuauyna agpeca /

Towmosuu inoexc / Postcode: JIT-03225/LT-01513

Legal address

E-mail: infor@cr.vu.lt

Homep men. / Phone: +37052687000

Caum / Web site: https://www.vu.lt/

HayxkoBuii kepiBauk / Principal investigator



mailto:mykhailo1952@gmail.com
mailto:gonchar@cellbiol.lviv.ua

3

Hayxoeuti cmynins, im’s, npizeuwe / Scientific degree, name,
surname: x.x.#. Acma Kaycaume-Minkcmimene/Dr. Asta Kausaite-

Minkstimiene
KonTakTHa Ilocaoa / Position: Joyenm xaghedpu ananimuunoi ma exonociunoi
indopmanin / Contact | xivii, paxyremem ximii i ceonayx [Assoc. prof. of Department of
information Analytical and Environmental Chemistry, Institute of Chemistry,

Faculty of Chemistry and Geosciences

Homep men. /Phone: +37052 19 31 15

E-mail: asta.kausaite@chf.vu.lt

Honartku / Attachments:

a) cympoBiaHuit aKCT / & cover letter;

b) mucT-nmiaTBepKEHHS Bij JIMTOBCHKOTO TMapTHEpa-KepiBHUKA mpoekty / a confirmation letter
from the Lithuanian Team Leader of mutual cooperation in English language (scanned copy of the
letter is allowed);

C) aKT eKCIIepPTU3U Ha BIIKPUTY MyOJIiKaIlito MaTepiajiB 3a TeMoro mpoekty / an act of expertise
for open publication of project materials;

d) CV ykpaiHChbKOrO Ta JIMTOBCHKOrO HaykoBuX KepiBHHKIB mpoekty / CV of Ukrainian and
Lithuanian Team Leaders.

1. 3aBaanust HpoeKTy (00 0,5 cmopinku A4, 12pt) (mym i dani — 3aznauenuii 06cse 0N mekcmy
VKPAIHCHKOIO MOB0I0;, 00Csie MeKcmy aHeliliCbKO MOB0I0 6 3aledcHocmi 6i0 nepekiady) |
Project objectives (up to half A4 size sheet, 12pt)

Meta: KoHCTPyIOBaHHS HOBHX €H3MMHHX 0iONaJIMBHUX eJIeMEeHTIiB (KOMIpOK) i 6ioceHcopiB
HAa OCHOBI OYHNIICHUX FpHﬁHHX OKCHAOPEAYKTA3 (FJIIOKO3OOKCI/I)133I/I, apFiHiHOKCI/IHaElI/I Ta
JIAaKKa3u), IiMMOOUII30BaHMX HAa EJIEeKTPONPOBIAHUX Ta KATANITHYHO AKTHUBHHUX
HAaHOMAaTepiajax

HaykoBi Ta TexHiYHi 3aBIaHHS MPOEKTY BU3HAYAIOTHCS TAKUM YHHOM:

1. KyneTuBYBaHHS TPHOHMX KIIITHH; BHJUICHHS Ta OYHMIICHHS OKCHIOpEIyKTa3 (apriHiH-
OKCHJIa3U Ta JIaKKa3M) — MEepCHeKTUBHUX Ol0KaTalizaTopiB /Ui KOHCTPYIOBaHHS OlOMaIMBHUX
enementiB (BIIE).

2. CuHTE3 1 XapaKTepUCTUKAa HAHOKOMITO3UTHHX MaTtepianis (HM).

3. KoHctpyroBanHs nabopaTopHux npotorumniB eH3uMHuX BIIE Ha OCHOBI OuYMIEHUX apriHiH-
OKCHMJIa3 Ta JIaKKa3W, a TaKKE KOMEPILINHOI  TIIOKO300KCHIa3u, 1MMOOLII30BaHUX Ha
eJIeKTpOoaKTUBHUX (PyHKITIOHAIBHIUX HM Ta mociikeHHs iXHIX orepariiiHuX mapameTpis.

4. KoucrpyroBanus manux BIIE, cymicHUX 3 po3MipamMu MIKPOEJIEKTPOHHUX MIKpOCXEM, Ta
aKTHBAITiS 32 1X JOTIOMOTO0 MIKPOSJIEKTPOHHUX CEHCOPIB.

Aim: Construction of new biofuel cells and self-powered biosensors based on purified
fungal oxidoreductases of (glucose oxidase, arginine oxidase and laccase), immobilized onto
electroconductive and catalytically active nanomaterials.

The scientific and technical objectives of the project are defined as follows:

1. Cultivation of fungal cells; separation and purification of oxidoreductases (arginine oxidases
and laccases) — promising biocatalysts for the design of biofuel cells (BFCs).

2. Synthesis and characterization of nanocomposite materials (NMs)

3. Development of laboratory prototypes of enzyme BFCs based on purified arginine oxidase and
laccase, as well as commercial glucose oxidase immobilized on electroactive functional NMs and
study of their operational parameters.

4. Design of small BFCs, compatible with the size of microelectronic chips, and activation of
microelectronic sensors using BFCs.

2. Onuc moTo4uHoI cutyamii (do 2 cmopinok A4, 12pt) / Description of the current situation
(up to 2 A4 sizne sheets, 12pt)
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VY 3B'3Ky 3 MOCTIITHO 3pOCTalOYMMU €HEPreTMYHUMHU MOTpedaMu, iHTepec 10 HOBHUX
Croco0iB OTPUMAaHHS €Heprii B ychboMy CBiTi 3pocrae. [Iporpec y MEIUYHHX HayKax TaKOXK
MPU3BOAUTH /0 301IbIIEHHS MMOMUTY HAa IMIUIAHTOBAH1 MPUCTPOI, TaKl K KapA10CTUMYJISATOPH,
IHCYJIIHOBI TOMIMM, JaTYMKH abo Jjeram mpore3iB. Bci 1i mpuctpoi  moTpeOyroTh
MIOHOBJIFOBAHHUX JDKEpENl €Heprii, 1 igcaqbHuM Oyiio O, 100 BOHM BHPOOJISIIA €HEPriio 3a
JIOTIOMOTOK0 PEYOBHH, MO MICTATBCS B Oiojoriunux pignHax. OmHUMH 3 HaWOIIBIIT
NEPCIIEKTUBHUX AJBTEPHATUBHUX JDKepesl cTayol eHeprii € OionmanusHi enementu (BITE). Ha
BiIMiHY Bia Tpamumiiiaux IIE, mis sSKMX 3acHOBaHAa HAa OKHUCJICHHI IIajJMBa Ha aHOMI 1
BIJIHOBJICHHI OKHCJIFOBaya Ha KaTOJI 3a JIOMOMOTOI0 OJIarOpOAHMX METAJIB SIK KaTali3aTopiB,
ximiuHa eHepris BIIE mepeTBOproeThbesl B €IEKTPUUYHY 3a JIOMOMOTOI0 OloKaTami3aTopiB, sKi
HaWyacTile IPHCYTHI B MIKpoopraHiamax a0o €H3MMaXx, 1 OpraHidyHOMYy HaiuBi (I[yKpax,
cnupTax abo OpraHiYHUX KHCJIOTaX), [0 YTBOPIOIOTHCS B mpoiieci oominy pevoBun (Wu, doi
10.1007/s10404-020-02355-1; Ummalyma, doi: 10.1080/02648725.2023.2197715; Haque, doi
10.1016/j.jenvman.2021.113483).

B ewmsumuux BIIE (EBIIE) s 34iliCHEHHS eJIEKTPOKATANITHYHHX — PeaKIlii
BUKOPHUCTOBYIOThCS OUHIIIEHI €H3UMH KJIacy OKCHAOpeayKTa3. EH3uMu 3a3Buuail mpalioroTh B
M'SKUX yMOBax IpU KIMHATHIA Temrieparypi, HeWrpaibHOMy pH, ToMy He 3a0pyIHIOIOTH
HABKOJIMIITHE CEPEIOBUINE 3aWBUM TEIUJIOM, SIKe HEOaKaHO IJIs 3HIDKEHHsI TPoOJIeM 3MiHU
KJIIMaTy, ajie sIke HEOOX1AHO Il poOOTH 3BUYAHHUX TETUIOBUIIISIOUUX €IEMEHTIB. 3aBIsSKU
BUCOKI CENeKTHBHOCTI €H3UMIB JI0 cyOcTpary MoxkHa po3pobutu EBIIE, anomna wactuHa
SKOTO HE BIJUIUUIEHA BiJ KaToaa MeMOpaHow. lle 3HaA4HO 3MeHIIye po3Mmipu MPUCTPOIB Ta
BiJIKprBae MOXJIUBICTh 3acrocyBaHHs EBIIE He Tiapku B SKOCTI JpKepen albTepHATHUBHOI
EHeprii J0 IMIUIAHTOBAHUX MEIUYHHUX TPUCTPOIB, aJie 1 B SIKOCTI CAMOJIOCTATHIX/aBTOHOMHUX
6iocencopiB (ABC), mo xusnsathes 3a paxynok EBITE (Biofuel Cells, ISBN 9781119724698).
Biocencopu (BC) — e anamiTHuHii mpucTpoi 3 60 pidHOIO ICTOPIi€I0, SIKI BAKOPUCTOBYIOTH KHUBI
opraHi3Mu, 610JI0TiUHI MOJIEKYJTH a00 X MTY4YHI 3aMIHHHUKH, I BUMIPIOBaHHS KOHICHTpAITii
[IJILOBOTO aHAIITY B JOCHIKyBaHOMY 3pa3ky. bC xapakTepu3yroThcsi BUCOKOIO Uy TIHMBICTIO,
JI03BOJISIIOTH CKOPOTHTH TPHUBAIICTh MPOIEAYPH 1 00’€éM aHajai30BaHOi IPOOH, IOCIIIUTH
KOJIHOPOBI 1 KaJIaMyTHI 3pa3KH 3 BEJTUKOIO KUTbKICTIO CTOPOHHIX peuoBHH. bC sk anbTepHATHBHI
AQHAJIITUYHI METOJM BCE YaCTINIE 3aCTOCOBYIOTHCS B KIIIHIYHIM MIarHOCTHII Ta MEIUYHHX
JOCJTI/DKCHHSAX, XapyoBill MPOMHCIOBOCTI, CIIY’KOax €KOJIOT1YHOrO KOHTPOJIIO Ta IHIIUX
rany3sx. B nanuit vac BC no3Bonstors ieHTH(IKYBATH Pi3HI 010JIOT14HI aHAITH, OlOMapKepH,
JKapChKI PEYOBUHHU Ta TXHI METaOOITH, TOKCHYHI CIIOJIYKH, KAaTIOHH BaKKHX METaJiB, IEIKI
amionn, Bipycu 1 Hanomarepiamu (HM) (Bollella doi 10.3390/s20226645). T'onoBHOO
nepeBaroio EBITE-ABC e crporieHa ABOEIEKTpOAHA CUCTEMa, SKa He MOoTpiOye Ui poOOTH
30BHIIIHBOTO JKEPEa CTpyMy.

Cencopna indopmariiss EBIIE-ABC moxe mnepenaBaTucs B 0€3IpOTOBOMY pPEKHMi 3a
JoroMororo paaionepeaasada, Tomy B EBIIK-ABC M0oxyTh BUKOPUCTOBYBATHUCS IMITJIAHTOBaHI1
JaTYUKHA JJIS  TOCTIMHOTO KOHTPOJIKO pIBHSA IEBHOTO aHamity B opranismi (Zebda, doi
10.1016/j.bioelechem.2018.05.011; Wang, doi: 10.3390/bios13020175). [us uporo EBIIE-
ABC moBuHHI OyTH MIHIATIOPHUMH, MPAIIOBATH MPHU TeMIepaTypi Tina, BianosimHomy pH i
KOHIICHTpaIlii coJiel, BUPOOJATH JOCTATHIO KUIBKICTh eHeprii 1 Oyth ctabumpHumu. Taxi
MPUCTPOI BXKE IMIUIAHTOBAHI B )KUBI OPraHi3MH, 30KpemMa, TapraHa, paBIuKa, MOJIIOCKa, KPOJIHKa
1 cobaku i KOHTPOJIO PIBHS TJIFOKO3H, JIAKTaTy, XOJECTePUHY Ta IHIIUX PEYOBUH
(Implantable Bioelectronics, ISBN: 978-3-527-33525-1).

EBIIE-ABC B maiibyTHhOMY OyIyTh 3aCTOCOBYBATHCS Ui BHSIBICHHS OiloMapkepiB
pI3HUX 3aXBOPIOBaHb, Ui PAaHHBOI IATHOCTHKHM MyXJIWHHUX TKAaHWH B OpraHi3mi, Jyis
nocTayaHHs JIKiB a6o i inmux wiaei (Mukherjee doi 10.1016/B978-0-12-822810-4.00029-
4). Kpim wmemunuuu, EBIIE i EBIIE-ABC OyayTh NEpCHeKTHBHHMH B Xap4oBiii Ta
010TEXHOJIOTIYHIN TPOMHCIOBOCTI, OXOPOHI HABKOJHMIIHBOTO CEPEJOBHUINA, JUIS BUSBICHHS
TOKCHUHIB 1 XBOpoOOTBOpHUX OakTepiit. 3aBasku 3aaTHoCTI BIIE po3kmanaTu pi3Hi opraHiuHi

CIIOJTYKH, 1X MO)KHA 3aCTOCOBYBAaTH JUIS OYMINCHHS CTIYHHMX BOJ a0o0 yTwmi3amii BiJIXOJiB
(Cosnier doi.org/10.1016/j.coelec.2018.06.006).
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Ha nanmit wac pospobneno EBIIE i EBIIE-ABC 3 BukopucTaHHSM pi3HOMaHITHUX
OpraHiYHHMX CyOCTpariB, aji¢ OUIBIIICTh IOBIJIOMJICHb CTOCYETHCS TJIFOKO30JCTEKTOPIB 1
rmoko3uux EBITE (Phan, doi: 10.1002/admt.202100020). Busnauenns piBus L-aprininy (Apr)
BAXJIMBO JUTsI OLIHKK ckiany BAJIiB Ta ¢epMEHTOBAaHUX XapUyOBUX MPOAYKTIB, a TAKOXK IS
JIArHOCTUKM TCHETHYHMX, METa0OMYHUX 1 OHKOJOriuHuMX 3axBopioBanb (Gayda, doi
10.1016/j.coelec.2022.100941). ®denomnbhi croiyku (PC), sk TOKCHYHI BiIXOIU XIMIYHOI Ta
(dbapMaKoIoriyHOI MPOMHUCIOBOCT1, 3HAXOAATh B MOOYTOBUX 1 MPOMHUCIOBUX CTIYHMX BOJAAX, B
MPUPOJHUX BOJAX 1 B JDKEpeNIaxX MATHOI BoaU. KpiM eKoJoriYHOT0 KOHTPOIT0, MOHITOpUHT DC
€ HeOoOXiMHMM B XapyoBMX MNpPOAYKTax 1 (¢apMaleBTHUYHUX Tpernaparax (Zhang,
doi10.1007/s00253-018-9421-7;  Zerva,  doi 10.3390/catal9121023; Dey, doi
10.1016/j.bioelechem.2022.108144). Tomy xoncrpytoBanusi ABC, EBIIE i EBIIE-ABC, ski
BUKOPHUCTOBYIOTH TIFOK03Y, Apr i @C sk cyOCcTpaTw/ImannBo, € Iy)Ke aKTyaTbHUM 3aBIaHHIM.

AcopTuMeHT 1ab0opaTOpHUX MPOTOTHUIIB BiAMOBITHUX MPHUIA/iB HIOPOKY 3pOCTAE, OJHAK
eexrtuBHicTs 1 TpuBamicth pobdotru ABC 1 EBIIE-ABC, a Takok iXHI aHaJITHYHI
XapaKTEePUCTUKH 1€ TaJIeK1 BiJl JOCKOHATIOCT1. 3aBsKM BUKOPHUCTAaHHIO HaHOoMaTepiaiiB (HM),
[0 MarTh BHCOKY €JEKTPOIMPOBIIHICTh 1 BEIMKY IUJIONIY IMOBEPXHI, TaKUX SK BYTJEIEBI
Hanotpyoku (HT), okcun rpadena, manodactuHku Onmaropomuaux metaniBe (HY) abo =n-m
criosiydeHi mnosiMmepu Ta ixHi HaHokomno3utu (HK), omepamiiiHi XapakTepUCTHKH ITUX
MPUCTPOIB MOKHA 3HAYHO MoKpamutu. 3acrocyBanHs HM 1 HK no3Bosie 301mp1IUTH KiABKICTh
IMMOOITI30BaHOTO €H3UMY, IIJBHIIUTH HOr0 aKTUBHICTh 1 CTAOLIBHICTH, THM CaMHM
M1JBUIIYIOUM €(PEKTUBHICTh TPAHCIOPTY ENEKTPOHIB 1 30UIbIIYIOYM PIBEHb CTBOPIOBAHOTO
€JIEKTpUYHOTO curHamy. biocymicHi 13 kuBuMu opranizMamu HM 1 HK € igeampHuMm
KaHaugaTaMu Uil BHKopucTanHs B wMmeaunmui (Rambaran,  doi: 10.1039/d2na00439a;
Veenuttranon, doi.org/10.1007/s40820-023-01045-1; Biofuel Cells, ISBN 9781119724698).

SIxmro ;x HM BOJIOiFOTh aKTHBHICTIO €H3UMIB, TOOTO € HAaHO3UMAaMH, 131aTHI 3aMiHUTH
MPHUPOJIHI €H3UMU (30Kpema, mepokcuaasy) B ckinani EBIIE ta ABC, To BUKOpHCTaHHS TaKUX
HM npu3BoauTh 10 MiJBUIIEHHS €KOHOMIYHOI €()E€KTUBHOCTI, CTaOLIBHOCTI Ta CIPOIICHHS
KOHCTpyIoBaHHs 3a3HaucHumx mnpunagis (Wang, doi 10.3390/bios13020175). Hampukian,
3acrocyBanHss HK, okcuny rpadena i momianismiHy, i OTPUMaHHS TIIOKO3HOTO Ol0aHOIY
npu3Beno 10 3HauyHoro minBuieHHsS edextuBHOCTI EBIIE 3aBaskum 301nbIIeHHIO TIIOMI
MOBEPXHI 1 MOXJIUBOCTI IMMOOUTI3yBaTH OUIBIIY KUIBKICTH €H3uMY. KpiM TOro, 3Ha4HO
MOKpaIuiacs CTabuIbHICTE poboru Oioanoma. Bukopucranus HK 3 momianimiay ta HT
36impmmto mibHicTs moTyxkHocTi (IIIT) EBIIE mo 1,12 mBr/em? mpu 0,45 B. Ilpu
BUKOpUcTaHHI noJimpuibHux HT, morenmian pozimkayroro kouTypy EBIIE nocsras 1,16 B, a
makcumaibha IIIT cranosuna 0,35 MB1/cm? ipu 0,85 B. Tpu moc:tigosHo miakiarouenux EBITE
3MOTJIM 3aCBITUTH OUIMI CBITJI0M107 Hampyrowo Ommspko 2,4 B 1 miarpumyBatu ioro B
pobouomy ctani Oinbine 48 roaun. [IpoBeneH1 HAyKOBI JOCTiKEHHS TOKa3yioTh, o HY i HK
MiJBUIIYIOTh aHAJITHYHUM CHUTHAJI Ta YYTJMBICTH 3aBISKHM IABUIICHHIO €()EKTUBHOCTI
tpancnopty enektpoHiB B ABC 1 EBIIE-ABC, 3a6e3neuytors cTabiapHy 1 TOPUCTY MATPHILIO
JUIs iMMOOLTi3amii eH3uMIB 1 3aXMCTy X Bim mecopOmii 3 moBepxHi enexktpoma (Kausaite-
Minkstimiene, doi 10.1038/s41598-021-97488-w).

HesBaxkaroun na Tte, mo riaoko3Hi EBIIE 1 EBIIE-ABC npuBaGmuBi sk Kepena
JKUBJICHHS 1 aHAIITHYHI 3aCO0M IMIUTAHTOBAaHUX MEJIUYHUX BHPOOIB, OCKUJIBKH BHUIUISIOTHCS B
mporieci ix excruryaTarii mo0iyHi MPOIyKTH O10CYMICHI, O TEMEPIIIHBOrO Yacy BiJOMO JIHIIIE
npo He3Ha4yHy KinbKicTh Takux mpunaaiB (Gao, doi: 10.1007/s00604-021-04977-w). Cin
TaKO0X 3a3HAYUTH, 110 HA choroH1 He icHye myOmikaniii mpo EBIIE i ABC Ha ocHoBi AprO.

B nocinipkenHi, Mo IaHyeThes («3acToCyBaHHSI HAHOKOMITO3MTHHX MaTepiatiB Juisi
NMOKPALlEeHHs1 oNepaliiiHMX mnapaMeTpiB eH3MMHHMX OiONAJIMBHUX eJIeMEHTIB i
aBTOHOMHHMX 0ioceHCOpiB»), CKOHCTpyioBaHi Ta oxapaktepuszoBani EBIIE OyayTh
BUTIPOOYBaHi Jutst KuBIeHHs MikpoenekTpoHHuX ABC. s mporo mu po3podumo mami BIIE,
CyMicCHi 3a CBOIM po3MipoM (KijbKa MM?) 3 €JIEKTPOHHHUMH dinamu. 3actocyBanns HYU B ckiami
EBIIE n03BOIMTE 3HAYHO ITiABUIITUTH IIBUAKICTH KaTajli3y aHOIHOI 1 KATOAHOI peakKilii, a TaKOX
36unbuTH 9ac podotu BIIE mo nekimpkox wmicsiiB. OdikyeThes, 1o giana3on nuromux LTI
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pospobienux EBITE 6yne Bix 1,2 1o 5 MBr-cm?. Orke, koucrpyroBanus EBITE i EBITE-ABC
€ Iy’K€ aKTyaJbHUM SIK B HAI[IOHAJIbHOMY, TaK 1 B CBITOBOMY MacIITa0i.

Due to ever-increasing energy needs, interest in new ways of generating energy around
the world is growing. Advances in medical sciences are also leading to an increase in demand
for implantable devices such as pacemakers, insulin pumps, sensors or prosthetic parts. All these
devices need renewable energy sources, and it would be ideal that they produce energy using
substances contained in biological fluids. One of the most promising alternative sources of
sustainable energy are biofuel cells (BFCs). Unlike traditional FCs, the action of which is based
on the oxidation of fuel at the anode and the reduction of the oxidizing agent at the cathode
using noble metals as catalysts, the chemical energy of BFCs is converted into electrical energy
using biocatalysts, which are most often present in microorganisms or enzymes, and organic
fuels (sugars, alcohols or organic acids) formed during metabolism (Wu, doi 10.1007/s10404-
020-02355-1; Ummalyma, doi:  10.1080/02648725.2023.2197715;  Haque, doi
10.1016/j.jenvman.2021.113483).

In enzyme BFCs (EBFCs), purified enzymes of the oxydoreductase class are used to carry
out electrocatalytic reactions. Enzymes usually work under mild conditions at room
temperature, neutral pH, so they do not pollute the environment with excess heat, which is
undesirable to reduce the problems of climate change, but which is necessary for the operation
of conventional FEs. Due to the high selectivity of enzymes to the substrate, it is possible to
develop EBFC, the anode part of which is not separated from the cathode membrane. This
significantly reduces their size and opens up the possibility of using EBFCs not only as
alternative sources of energy to implanted medical devices, but also as self-
sufficient/autonomous biosensors (ABSs) powered by EBFC (Biofuel Cells, ISBN
9781119724698).

Biosensors (BSs) are analytical devices with a 60-year history that use living organisms,
biological molecules or their artificial substitutes to measure the concentration of a target
analyte in a sample. BSs are characterized by high sensitivity, allow to reduce the duration of
the procedure and the volume of the analyzed sample, to examine colored and cloudy samples
with a large number of foreign substances. BSs as alternative analytical methods are
increasingly used in clinical diagnostics and medical research, food industry, environmental
control services and other industries. Currently, BSs allow identification of various biological
analytes, biomarkers, medicinal substances and their metabolites, toxic compounds, heavy
metal cations, some anions, viruses and nanomaterials (NMs) (Bollella, doi
10.1016/j.aca.2022.340517). The main advantage of EBFC-ABS is a simplified two-electrode
system that does not require an external current source for operation.

The sensor information of EBFC-ABS can be transmitted wirelessly using a radio
transmitter, so implanted sensors can be used in EBFC-ABS for continuous monitoring the level
of a certain analyte in the body (Zebda, doi 10.1016/j.bioelechem.2018.05.011; Wang, doi:
10.3390/bi0s13020175). For this aim, EBFCs-ABS must be miniature, work at body
temperature, appropriate pH and salt concentration, produce sufficient energy and be stable.
Such devices have already been implanted in living organisms, in particular, cockroach, snail,
mollusk, rabbit and dog to control the level of glucose, lactate, cholesterol and other substances
(Implantable Bioelectronics, ISBN: 978-3-527-33525-1).

EBFCs-ABSs will be used in the future to detect biomarkers of various diseases, for early

diagnosis of tumor tissues in the body, for drug delivery or for other purposes (Mukherjee, doi
10.1016/B978-0-12-822810-4.00029-4).
Besides using in medicine, EBFCs and EBFCs-ABS will be promising in the food and
biotechnology industry, environmental protection, for the detection of toxins and pathogenic
bacteria. Due to the ability of BFC to decompose various organic compounds, they can be used
for wastewater treatment or waste disposal (Cosnier, doi:10.1016/j.coelec.2018.06.006).

Currently, EBFCs and EBFCs-ABS have been developed using a variety of organic
substrates, but most reports are about glucose detectors and glucose EBFCs (Phan, doi:
10.1002/admt.202100020). Determining the level of L-arginine (Arg) is important for assessing
the composition of dietary supplements and fermented foods, as well as for the diagnosis of
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genetic, metabolic and oncological diseases (Gayda, doi 10.1016/j.coelec.2022.100941).
Phenolic compounds (PCs), as toxic wastes from the chemical and pharmacological industries,
are found in domestic and industrial wastewater, in natural waters and in drinking water sources.
In addition to environmental control, PC monitoring is necessary in food and pharmaceuticals
(Zhang, doil0.1007/s00253-018-9421-7; Zerva, doi 10.3390/catal9121023; Dey, doi
10.1016/j.bicelechem.2022.108144). Therefore, the design of ABS, EBFCs and EBFCs-ABS,
which use glucose, Arg and PCs as substrates, is a very urgent task.

The range of laboratory prototypes of the corresponding devices is growing every year,
but the efficiency and duration of the ABS and EBFCs-ABS, as well as their analytical
characteristics are still far from perfect. Thanks to the use of nanomaterials (NMs) having high
electrical conductivity and large surface area, such as carbon nanotubes (CNs), graphene oxide,
noble metal nanoparticles (NPs) or - coupled polymers and their nanocomposites (NCs), the
operational characteristics of these devices can be significantly improved. The use of NMs and
NCs allows to increase the amount of immobilized enzyme, increase its activity and stability,
thereby increasing the efficiency of electron transport and increasing the level of the generated
electrical signal. Biocompatible with live organisms NMs and NCs are ideal candidates for use
in medicine (Rambaran, doi: 10.1039/d2na00439a; Veenuttranon, doi.org/10.1007/s40820-023-
01045-1; Biofuel Cells, ISBN 9781119724698). If NMs possess the activity of enzymes, that
IS, they are nanozymes, and are able to replace natural enzymes (in particular, peroxidase) in
the composition of EBFCs and ABSs, then their use is exclusively for increasing the economic
efficiency, stability and simplification of the design of the specified devices (Wang, doi
10.3390/bi0s13020175). For example, the use of NCs, graphene oxide and polyaniline to
construct glucose bioanode has led to a significant increase in the efficiency of EBFCs due to
an increase in surface area and the ability to immobilize more enzyme quantity.

In addition, the stability of the bioanode has significantly improved. The use of NK from
polyaniline and CNs as part of EBFCs increased the power density (PD) to 1.12 mW/cm2 at
0.45 V. When using polypyric CNs, the open loop potential of the EBFC reached 1.16 V, and
the maximum PD was 0.35 mW/cm2 at 0.85 V. Three series-connected EBFCs were able to
illuminate a white LED with a voltage of about 2.4 VV and maintain it in working condition for
more than 48 hours (Kausaite-Minkstimiene, doi 10.1038/s41598-021-97488-w). The
conducted experiments show that the usage of NPs and NCs led to the increased analytical
signal and sensitivity due to the enhanced efficiency of electron transfer in ABS and EBFCs-
ABS. Besides, NPs and NCs provide a stable and porous matrix for immobilizing enzymes and
protecting them from desorption from the electrode surface.

Despite the fact that glucose EBFCs and EBFCs-ABS are attractive as food sources and

analytical tools of implanted medical devices, since the by-products released during their
operation are biocompatible, to date, only a few designed glucose EBFC and EBFCs-ABS have
been described in the scientific literature (Gao, doi: 10.1007/s00604-021-04977-w). It should
also be noted that to date there is no published scientific reports about using ArgO in
construction of EBFCs and ABSs.
In the planned study ("Application of nanocomposite materials for improving the
performance of enzymatic biofuel cells and self-powered biosensors **), the designed and
characterized EBFCs will be tested to power microelectronic ABS. For this purpose, we will
specifically design small-size (a few mm2) BFCs compatible by their size with electronic chips.
The application of NPs in combination with the enzymes (ArgO, GO or laccase) at EBFCs
construction will allow us to significantly improve the rates of catalysis, both of the anode and
cathode reactions, as well as will increase the operating time of the constructed EBFCs up to
several months. So, the expected specific power densities of constructed EBFCs will be in the
range from 1.2 to 5 mW-cm2. Consequently, the design of EBFCs-ABSs is very relevant both
nationally and globally.

3. HoBu3Ha npoekTy (0o 1 cmopinxu A4, 12pt) I Novelty of the project (up to 1 A4 size sheet,
12 pt)
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Oco06IUBICTIO TPOTTIOHOBAHOTO HAYKOBOT'O MPOEKTY € MOETHAHHS (yHIAMEHTAIbHUX HayKOBHX
JOCITIKEHb 13 TIPUKIIaTHOI0 010TEXHOJIOTI€I0 32 BUKOPUCTAHHS MIEPEIOBUX MIKAUCIUILTIHAPHUX
migxomiB. [lomyk HOBUX JKepesl BITHOBIIOBAHOI €HEprii Ta MiAXOAIB YTHII3amii MOOIYHUX
IPOMMCIIOBUX (4aCTO TOKCUYHUX ) POIYKTIB € MEPIIOUEPrOBUMH ITPOOIEMaMH Cy4acHOI HAyKH.
3 ormsgy Ha e, po3poOka eH3uMHUX OilomanuBHuxX eneMeHTiB (EBIIE) Ha ocHOBI
OKCUJIOpEAyKTa3 Ta HaHOKOMMNO3WTHHX MarepianiB (HM), 3matHux mo yrtumizamii mobiuHHUX
cyOCTpaTiB 13 0IHOYACHOIO F'eHEPalli€l0 eJIEKTPUYHOT €Heprii, MoKe po3B’sA3aTH Li 00UABI TOCTPI
npo0IeMH — JeIIeBoi BiAHOBIIIOBAHOT EHEPreTUKHU Ta 3aXHUCTY JOBKIJLIA.

Mertoto npoekTy € po3pooka HoBux EBIIE Ha 0ocHOBI rpuOHUX €H3UMIB, IMMOO1TI30BaHIX
Ha HaHoMmaTepianax (HM), siki € enexTpo- 1 KaTamTHYHO akTUBHUMH. [InaHyeThCs 3acTOCYBaHHS
OUMIICHUX HAMH OKCHJIOPEIyKTa3 Jakka3u i apriHiHokcuaasu (AprQO), a Takok KOMEpPIHHOI
rmoko3okcuaasu (I'O). Ilpenmaparu AprO 1 jnakka3u € KOMEpUIHHO HENOCTYNMHUMH, iX Oyne
OJIEP’KAHO 1 0XapaKTepU30BaHO 3T1JHO METO/IiB, po3pobieHnx YkpaincbkuM naptHepoM (YII) B
nonepeanux gociipkeHHsx [1-2]. Ili eH3uMu BOJOAIFOTH KOPHUCHUMH OlOTEXHOJOTIYHUMHU
XapaKTepucTUKaMu (30Kpema, MiIBUILEHOI0 TepMocTabuIbHICTIO 1 pH cTablIbHOCTBIO), iX OyII0
3acrocoBano YII sik OioenemeHnTH ammepoMerpudnux OioceHcopiB [1, 3-5]. Sk cyOctpaTu
€H3MMaTHYHUX PEaKIliil Ta KIIOYOBUX JDKEPEN €HEPTii TIAHYEThCsI BAKOPUCTAHHS HEJJOPOTHX 1
YacTO TOKCUYHHUX MOOIYHUX MPOMUCIOBHUX MPOIYKTIB, Ul SIKUX ICHY€ Mpoliema iX yTuim3anii.
Tak, HM3bKOCENEKTUBHUM eH3UM AprO OKHUCIIOE, OKpIM apriHiny (Apr), mie AeKiibKa HIINX
aMHUHOKHCIIOT, ToMmy Oyne mnepcrnektuBHHM B ckiani EBIIE, ski $SK THaauBO MOXYTh
BUKOPHCTOBYBAaTH OIJKOBI TiApOJi3aTH 3 CTIYHMX BOJA MIANPUEMCTB XapyoBOi Ta
6ioTexHonoriyHoi mpomucioBocTi. Jlakkasa B ckinani EBITE moxe yTumizyBaT moxiaHi peHory
3 CTIYHUX BOJ MIANPHEMCTB (apMaleBTUYHOI MPOMHCIOBOCTI Ta MEIUYHUX 3aKIaJliB.
Enexrpoaktuai HM Oyzme onepaHo mpocTUMHU MeTojgamu Ximiunoi pemykmii [3-8] i
«3eneHoro» cuHredy [9] Ta HocHmiKEHO Ha HASIBHICTH €NEKTPOHOMEIiaTOPHOI, JIAKKA3HOI 1
HIePOKCHIa3HOT aKTUBHOCTI 3TIHO METO/IUK, OIyOJIiKOBaHUX paHitie [6, 9].

JIOCKOHAJICTh 1 OPUTIHAIBHICTh MPOEKTY 0a3yeThes Ha 171e1 MOoeTHaHHS HOBUX CH3UMIB
(AprO i nakka3n), a Takox kinacuuHoro eH3umy ['O 13 CHHTeTHYHUMU MellaTOPHUMU CUCTEMaMHU
Ha OCHOBI €JEKTPOMpPOBIAHMX KaTamTH4HO akTUBHHX HM mns xonctpyroBanHs EBIIE.
Opnepxani HM OynyTh BUKOpUCTaHI B IKOCT1 MEIIaTOPIB €JIEKTPOHHOI'O IEPEHOCY, MAaTPULLb [T
iMMoOOimi3amii OiokaTami3aropiB Ta INTyYHHX €H3UMIB (HAHO3UMIB), 30Kpema, IICEeBJIO-
NEPOKCUIa3 Ui KOHCTPYIOBaHHS Oiokarody. BakIMBOIO HOBHU3HOIO peaii3allii MOTOYHOTO
npoexty Oyzae ¢yskuionanbHa iHTerpauis EBIIE, mo BUpOOASIOTH €NeKTpUYHY €HEpriio, y
MIKpOEJIEKTPOHHI MPUCTPOT (MIKPOCXEMH JATUMKIB), 110 CIIOKUBATUMYTh BUPOOIIEHY EHEPTiIO.

HaykoBi Ta TexHiYHI 3aBIaHHS MPOEKTY BU3HAYAIOTHCS TAKUM YHHOM:

1. KynbTuByBaHHS TpUOHMX KJIITHH; BUIUICHHS Ta OYMILNEHHS OKcumopemykras AprO Ta
JaKKa3M) — NepCHEKTUBHUX OlokaraiizaTopiB i KoHcTpytoBaHHs EBIIE.

2. CuHTe3 1 XapakTepuCcTHKa HAaHOMAaTepiaiB.

3. KonctpyroBanus mabopatopHux mpoToTumiB eH3uMHHX BIIE Ha OCHOBI oOuMIIEHHX
okcunopeaykras i HM Ta pocnimkeHHs iXHIX onepanifHuX mapamMeTpiB.

4.  KoucrpytoBanus manux BIIE, cymicHuX 3 po3MipaMu MIKpOEIEKTPOHHUX MIKpOCXEM, Ta

aKTHUBAIIS 32 X IOTIOMOT'OI0 MIKPOEJIEKTPOHHUX CEHCOPIB.

The peculiarity of the proposed scientific project is a combination of fundamental science
with applied biotechnology using advanced interdisciplinary approaches. The search for new
sources of renewable energy and approaches to the disposal of by-industrial (often toxic) products
are the primary problems of modern science. In this regard, the development of biofuel cells
(EBFCs) based on oxido-reductases capable of utilizing the by-products with simultaneous
generation of electrical energy, can solve both acute problems — cheap renewable energy and
environmental protection.

The aim of the project is to develop new EBFCs based on fungal enzymes immobilized on
nanomaterials (NMs), which are electro- and catalytically active. It is planned to use
oxidoreductases laccase and arginine oxidase (ArgQO) purified by us, as well as commercial
glucose oxidase (GO). ArgO and laccase are not commercially available and will be obtained and
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characterized according to methods developed by the Ukrainian partner (UP) in previous studies
[1-2]. These enzymes have useful biotechnological characteristics (in particular, increased
thermal stability and pH stability), they were used earlier by UP as bioelements of amperometric
biosensors [1, 3-5].

As substrates of enzymatic reactions and key energy sources, it is planned to use
inexpensive and often toxic industrial by-products for which there is a problem of their
remediation. Thus, the low-selective enzyme ArgO oxidizes, in addition to arginine (Arg), several
other amino acids, therefore it will be promising in the EBFCs, which can use protein
hydrolysates from wastewater of food and biotechnology industry enterprises as fuel. Laccase in
EBFCs can utilize phenol derivatives from wastewater from pharmaceutical industry enterprises
and medical institutions. Electroactive NPs will be obtained by simple methods of chemical
reduction [3-8], or "green™ synthesis [9] and investigated on ability to possess an electrono-
mediator, pseudo-laccase and pseudo-peroxidase activity as described earlier [6, 9].

The perfection and originality of the project are based on the idea of combining new
enzymes (ArgO and laccase), as well as the classic enzyme GO, with synthetic mediators,
conductive and catalytically active NMs. The obtained NPs will be used as electron transfer
mediators, matrices for immobilization of biocatalysts and as artificial enzymes (nanozymes), in
particular, mimetics of peroxidases and laccase for bioelectrodes construction. An important
novelty of the implementation of the current project will be the functional integration of EBFCs
that produce electricity into microelectronic devices (sensor microcircuits) that will consume the
generated energy.

The scientific and technical objectives of the project are defined as follows:

1. Cultivation of fungal cells; isolation and purification of extracellular oxidoreductases
(laccase and ArgO) — promising biocatalysts for the construction of EBFCs;
2. Synthesis and characterization of nanomaterials;
3. Construction of laboratory prototypes of enzymatic EBFCs based on purified
oxidoreductases and nanocomposites, and studying their operational parameters.

4. Construction of the small (mm?2) EBFCs compatible with the size of microelectronic chips
and activation of the microelectronic sensors with the power produced by the EBFCs.
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4. QuikyBaHi HACJiIKHU Bi/l pe3yJbTaTiB NPOEKTY, BKJIIOYAKYH MPOIOBKEHHS
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VY pesynbrari peanizallii HOTOYHOT'O IMPOEKTY OyJe CKOHCTPYHOBAaHO HOBI E€H3MMHI
6ionamiBui egemenTr (EBIIE) Ha OCHOBI MO€IHAHHS JOCSATHEHb MiKp0O6ioJIOTii, €H3UMOJIOTI,
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HaHOTEXHOJIOT1] Ta esnekTpoximii. Sk Gioenementu EBIIE Oyne BUKOpUCTaHO OKCUAOPEIYKTa3H,
MOETHAHI 3 EJeKTPOMPOBIIHIMH HAHOKOMMIO3UTHHMH Matepiagamu (HM), mo BoJOmifOTh
MeJIaTOpHOI0 Ta/abo HaHO3MMHOIO akTHBHICTIO. EH3umu rpubiB (nmakkaza, AprO i1 I'O) e
JOCTaTHbO CTAOUILbHUMM 1 HE MOTPeOyIOTh €K30I'€HHUX KO(aKTOpIB B MPOILECI IXHBOTO
¢yukuionyBanns B EBIIE. Bukopucranus B poni nmamusa mis EBIIE nemoporux i dacto
TOKCUYHMX MOOIYHUX MPOMHUCIOBUX MPOAYKTIB JO3BOJUTH MIABUIIUTH EKOHOMIYHY
epexruBHicTh BuKopuctanHs Takux EBIIK Ta Bupimmuru npobiaemy yTuitizanii LIUX peyOBUH 13
IPOMHCIIOBUX BiJIXOJIB.
OcHOBHI OYiKyBaHI pe3yJIbTaTH:

1. Byne mpoBeneHO CKpUHIHT HM3KM TpuOiB (MOHAJ 25 mTamiB) 3a IXHBOIO 3JATHICTIO JI0
npoaykuii makkasu i AprO Ta BigiOpaHO MEepCIeKTUBHI MPOIYLIEHTH HUX (DEPMEHTIB;
2. Jlnd XJIITHH CEJICKIIIOHOBAaHWUX TPHUOIB — TMPOJYIEHTIB OKCHIOpPEAyKTa3 — Oyze

OINITHMI30BaHO YMOBH KYJBTUBYBaHHs, KyJbTypanbHy piaunHy (KP) O6yzae ¢pakuionoBano Ta 3 ii
cTabUTPHUX (Ppakuiid Oyae OTPUMAaHO OYHMINEH] IpenapatH Jakkasu i AprO;
3. byne onTtmMizoBaHO METOIM CHHTE3Y 1 pyHKIIOHAMI3aIii MeTaneBux HaHo9acTHHOK (HY)
Ta OTpuMaHo Oinbie 20 BapiaHTiB MOHO- Ta OiMmeTaneBux riopuanux HU OGmaropoanux ta/abo
NepexiHuX MeTaliB, 30kpeMa HaHo3uMiB (H3) — sk mryunnx nepokcunasz (I10) i makka3. s
onepxannx HY Oyzae nmocmimkeHo ixHI (PI3MKO-XIMiYHI, KaTaMITHYHI Ta EJIEKTPOXIMIYHI
XapaKTePUCTUKU;
4.  byzne orpumaHo i oxapakTepu3oBaHO HOBI Jabopartopui npororunu EBIIE Ha ocHOBI
ounnienux npenapatiB 'O, AprO Tta nakkasu, HM 3 MezmiaTopHOl0O Ta KaTaliTUYHOIO
BiactuBicTio. J{ns EBIIE Ha ocHOBI Jlakka3u, y MO€JHaHHI 3 HaHOMeliaTopaMu, Oy/ie BUBYEHA
MOXJIMBICTh CTBOPEHHS 0€3MeIiaTOPHIUX EH3UMHHX 010€JIEKTPO/IiB «TPETHOTO IMTOKOJIIHHS.

[Hoennyroun pi3Hi ramxy3i OpUpPOAHUUUX HAyK (MiKpoO10JIoTiI0, 010X1Mil0, €H3UMOJIOTIO,
aHAJIITUYHY Ol10TEXHOJIOTiF0, HAHOTEXHOJIOTII0 Ta EJIEKTPOXIMil0) Hallll pO3pOOKH MaTUMYTh
Ba)XJIMBE (hyHIAMEHTaJNbHE 1 MPaKTUYHE 3HAYCHHs Ta iHHOBALiHWI XapakTep. 3adydeHHs J10
IPOBEJCHHS JOCHII)KEHb MOJIOJMX YYEHUX CTAHOBUTHUME BaXJIMBHM COLIATbHO-BUXOBHUMN
e(eKT, CTBOPIOIOYM CIPUSATINBI YMOBHU Uil HAOYTTsI HUMU BaXXJIMBOI'O HAYKOBOTO JOCBITYy Ta
BIZIKPUBAIOYN TEPCIIEKTUBU TOJANIBIIOTO Kap €pHOro pocty. OxepikaHi HAyKOBI pe3ysbTaTH
OyJe BHCBITJIIEHO Yy CHUIBHMX HAYKOBUX MyOMmiKal[iix 1 BHCTyHax Ha MDKHApPOJHHUX
KOH(pEepeHIIisX, a TakokK Oyae BUKOPUCTAHO JUIS MIATOTOBKH Ta MOJa4yl HOBUX MDKHAPOJHUX Ta
BITYM3HSHUX MPOEKTIB. Haltbinpin iHHOBaLIiHI pe3ynabTaTi OyayTh BUKOPHCTAHI JUIS TIOJaHHS
3asBKH Ha MaTEHT.

3Baxkaroun Ha nepepaxonani nepeBaru HoBux EBITE, Mu Moxemo 3poOUTH BUCHOBOK, 1110
HAYKOBUH, TEXHIYHUI, EKOHOMIUYHUI Ta COIiaTbHO-CKOHOMIUHHMHA €()EeKTH BiJl TaHOTO MPOEKTY
OyyTh 3HAYHHMH.

As a result of the current project, new enzymatic EBFCs will be constructed based on a
combination of achievements in microbiology, enzymology, nanotechnology and
electrochemistry. Oxidoreductases combined with electrically conductive nanocomposite
materials (NMs) with mediator and/or nanozyme activity will be used as bioelements of EBFCs.
Fungal enzymes (laccase, ArgO and GO) are sufficiently stable and do not require exogenous
cofactors in the process of their functioning inthe EBFCs. The use of inexpensive and often toxic
industrial by-products as fuel for EBFCs will increase the economic efficiency of using such
EBFCs and solve the problem of disposing of these substances from industrial waste.

Main expected results:

1. A number of fungi (more than 25 strains) will be screened for their ability to produce
laccase and ArgO and promising producers of these enzymes will be selected.

2. For cells of the selected fungi — producers of oxidoreductases — cultivation conditions
will be optimized, the correspondent cultural liquids (CLs) will be fractionated and purified
laccase and ArgO preparations will be obtained from the stable fractions of the CLs.

3. The methods of synthesis and functionalization of metallic nanoparticles (NPs) will be
optimized and more than 20 variants of mono- and bimetallic hybrid NPs of noble and/or
transition metals, in particular nanozymes (NZs) — as artificial peroxidases (PO) and laccases will




11

be obtained. For the obtained NPs, their physicochemical, catalytic and electrochemical
characteristics will be investigated.

4. New laboratory prototypes of EBFCs based on purified preparations of GO, ArgO and
laccase, NMs with mediator and pseudoPO properties will be obtained and characterized. For
laccase-based EBFCs, in combination with NMs, the possibility of creating "third-generation™
non-mediator enzyme bioelectrodes will be studied.

By combining various fields of natural sciences (microbiology, biochemistry, enzymology,
analytical biotechnology, nanotechnology and electrochemistry), our developments will have
important fundamental and practical significance and innovative character. Involvement of young
scientists in the research will have an important socio-educational effect, creating favorable
conditions for them to acquire important scientific experience and opening prospects for further
career growth.

The results of research will be carried out at the national scientific and exhibitions at
international conferences, and there will be used for the preparation and submission of new
international projects. The results will be available for filing a patent application.

Considering the listed advantages of the new EBFCs, we can conclude that the scientific,
technical, economic and socio-economic effects of this project will be significant.

5. ILnan po6oTu (podoui eranu) (najii — IP) (0o 1 cmopinku A4, ons koxcnozo IIP, 12pt) /
Work plan (work packages) (hereafter - WP) (up to 1 A4 size sheet, 12 pt, for each WP)

3annanoBaHi 3aBaaHHs [IP Ta iX po3moain ceped mapTHEpiB MPOEKTY (PEKOMEHIOBAHO
iaHyBatu poboty y JIuTBi Ha ymoBax maprHepa y |-my i Ha mouarky ll-ro kBapranis) / WP
planned tasks and their distribution among the Project Partners (it is recommended to plan work
in Lithuania on the terms of a partner in the 1st and early 2nd quarters):

ITP Ne / WP No.: 1

Hasga I1P / WP title: KynsruByBanus rpu6iB Ta Buaiienns easzumis. / Cultivation of fungi and
purification of enzymes. BianosinaibHiCTh Hece rpyna ykpaiHCbkux gocaiaaukis (YII).
Responsible group of Ukrainian researchers (UP). (01.01.2024 - 31.12.2024).

1.1 CkpuHiHr rpubiB 3a iX 3/4aTHICTIO €()EeKTHMBHO NPOAYKYBaTH IO3aKJITHHHY JIaKKa3zy Ta
aprininokcunazy (AprO) y BIMOBIIHUX KyJbTypadbHUX piguHax. KynbTuBYyBaHHS BimiOpaHux
KyJIbTYp — MPOJYILEHTIB IIILOBUX okcuaopenykra3, AprO i makkasu. / Screening of fungi by
their ability to produce effectively extracellular laccase and arginine oxidase (ArgO) in the
correspondent cultural liquids. Cultivation of selected cells, producing the target oxidoreductases,
ArgO and laccase.

Lini ITP / WP objectives: Byayts BU3Ha4YeHi ONTUMaJIbHI YMOBH KYJIbTHBYBAaHHSI KITITHH
MPOIYIICHTIB, IO 3a0€3MeUy0Th MAKCUMAJIbHUI BUXI1]] IIIJTOBUX €H3UMIB (CKJIa[] dKUBUIBHOTO
CepeIoBHUIIA, IHTEHCHUBHICTD aepallii, TeMnepaTypa, yac BupoulyBanns i T.1.). / The optimal
conditions for the cultivation of the producers will be determined, ensuring the maximum yield
of the target enzymes (composition of the culture medium, intensity of aeration, temperature,
time of cultivation, etc.).

1.2 BunineHHs, OYUIICHHS, EH3UMHA 1 eJICKTPOXiMiYHA XapaKTePUCTHKA OKcuaopeaykTaz AprO
i makkasu. / Isolation, purification, enzymatic and electrochemical characterization of the
enzymes ArgO and laccase.

Lini TTP / WP objectives: En3zumu, BuifieHi 3 KyJIbTYpaTbHUX PiJMH BUOpAHUX IPUOiB, OYy1yTh
CKOHIICHTPOBaHI Ta OYHIIECHI 3a JOMOMOTOI 10HOOOMIHHOI Ta TiApodoOHOI KOJIOHKOBOT
xpomatorpadii. Ounmeni npenaparu AprO i1 nakka3zu OyayTh JOCIIHKYBATUCS 32 JOMOMOTO0
PI3HUX MIIXOMIB: €JEKTPOOPETHUHOrO (aHAI3 YUCTOTH O1KIB), CHEKTPOGOTOMETPUUHOTO
(Bu3HaAUYeHHS KiHETHYHUX TTapaMeTpiB — Km 1 Keat) 1 €T€KTpOXiMIYHOTO (BUMIPIOBAaHHS aKTHBHICTH
M0 BIJHONICHHIO JI0 MEIaTOpiB EJIEKTPOHOINEPEHECEHHs, BU3HAYCHHS  OKHCITIOBAIBHO-
BiqHOBHOIO moTeniianxy). /Enzymes isolated from the cultural liquids of the selected fungi will
be concentrated and/or purified using ion exchange and hydrophobic column chromatography.
Purified preparations of ArgO and laccase will be investigated using different approaches:
electrophoretic (to test their purity), spectrophotometric (to determine kinetic parameters — KM
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and kcat) and electrochemical (activity toward electron-transfer mediators, determination of redox
potential).

ITP Ne / WP No.: 2

Haszpa ITP / WP title: Cunres nanomarepianiB ta Hanokommnosuris (HM), onrumisarisi yMOB
CHHTE3y, XapakTepucruka ta Bifoip. / Synthesis of nanomaterials and nanocomposites (NMs),
optimization of synthesis conditions, characterization and selection. O6uaBi rpynu HecyTh
BianoBigansHicTh. / Both UP and LP are responsible. (01.01.2024 - 31.12.2024).

2.1 Cunre3 HM 1 ckpuHIHT 1X Ha KaTaJITUUHY aKTHBHOCTH B pO34HHI, a came, Ha 3JJaTHICTh OyTH
saminnukamu nepokcuaasu (I10) 1 makkasu. / Synthesis of NPs and screening them for catalytic
activity in solution, namely, for the ability to be substitutes for peroxidase (PO) and laccase.

2.2 Mopdonoriyaa, KiHETUYHA 1 €JIEKTPOXIMIYHA XapaKTepUCTHKa HaleeKTUBHIIINX
HaHosuMiB - mmryyaux I1O 1 makkasu. / Morphological, kinetic and electrochemical
characteristics of the most effective nanozymes — artificial peroxidase and laccase.

Lini TIP / WP objectives: 3 merorw MigBHUIICHHS €PEKTHBHOCTI MEPEHOCY EJICKTPOHIB MiX
€H3MMOM 1 €NIEeKTPOIOM OYyAyTh BUKOPUCTaHI HAHOYACTHHKH OJIATOPOIHUX 1 IEPEXiTHUX METaIliB
(HY), a takoxx HM 3 BHCOKOIO €NEKTPOHHO-MEIIaTOPHOI aKTHUBHICTIO. Byje onTuMizoBaHO
METO/IM CHHTE3y Ta oTpuMaHo Oinbiie 20 BapiaHTIiB MOHO- Ta 6imeraneBux riopuaaux HY. byne
3aificaeno ckpuHiarosi rectu HY 1 HM Ha niceBno-I10 i ceBno-1akka3ny akTHBHICTD B PO3YHMHI
XpoOMOTeHHUX cyOcTpaTiB. byae Bimiopano kpaii Hano3umu (H3) — mryyni T10 i1 nakkaszu. J{ns
onepxannx H3 Oynme mocmimkeHo ixHI (I3UKO-XIMIYHI, KaTaJiTHYHI Ta EJEKTPOXIMIiYHI
xapakrepuctuku. / Nanoparticles of noble and transition metals (NPs) as well as NMs with a high
electron-mediator activity will be used with the aim to improve efficiency of electron transfer
between enzyme and electrode. The methods of synthesis will be optimized and more than 20
variants of mono- and bimetallic hybrid NPs will be obtained, in particular nanozymes (NZs) —
as mimetics of PO and laccases. Screening tests of NPs for pseudo-PO and pseudo-laccase
activity ina solution of chromogenic substrates will be carried out. The best nanozymes (NZs) —
artificial PO and laccases — will be selected. For the obtained NZs, their physicochemical,
catalytic and electrochemical characteristics will be investigated.

ITP Ne / WP No.: 3

Hazpa IIP / WP title: Po3poOka Ta gocitikeHHST JJaOOpaTOPHOrO MPOTOTHITY TIFOKO3HOTO

monoensumHoro OionmanuBaoro emementa (EBITE). / Development and characterisation of

laboratory prototype of glucose monoenzyme biofuel cell (EBFC).

BignosinanbpHa rpyna JUTOBChKHX gociiaaukiB. /LP is responsible. (01.06.2024 — 31.12.2024).
Llimi TTP / WP objectives: 3a BukoprcTaHHs KOMEPI[IHHOTO Mpernapara rIFoK0300KCH1a31
(I'O), HY meraniB, HM 1 monimepHux miiBok Oyae ckoHcTpyiioBano riatoko3Huii EBIIE 3
MiIBUIICHOIO €(DEKTUBHICTIO B MOPIBHSAHHI 13 aHAJIOTIYHUMH TPUCTPOSMHU, KOTpi OyiH
po3pobseni JIII panime. SAx H3, mo BukoHywTh posib «mrtyuHoi [IOy», OymyTs
Bukopuctani ananoru Ilpycekoi 6makuti (I1B), mis skux Halkpaiie BUBYCHO MEXaHI3M
KatamiTHaHoro BigHOBIeHHS H>O, mpu HU3BKOMY MOTeHIiami. 3aBAsSKH OOOPOTHOCTI
OKHCITIOBAJILHO-OKUCIIOBAILHUX TMporeciB i H3 OyayTh miaTH SK BiTHOBIIOBAHHM
KaTaji3aTop MPOTATOM YChOTO elieKTpoxiMiyHoro mporecy. lLle Buacrusicts I1b
BUKOPHCTOBYBAJOCS MpU KOHCTpyroBaHHI He Timbku EBIIE, anme Takox i aBTOHOMHHUX
6iocencopis./ Using a commercial glucose oxidase (GO), metal NPs, NMs and polymer
films, glucose EBPE with increased efficiency compared to similar devices that were
developed earlier will be designed. Analogues of Prussian blue (PB) will be used as NMs
that play the role of "artificial peroxidase™. The mechanism of catalytic reduction of H2O;
under PB catalysis at low potential is the best studied. Due to the reversibility of oxidative
processes, these NMs will act as a reducing catalyst throughout the electrochemical process.
This property of PB was used in the design of not only EBFCs, but also for self-powered
biosensors.

I1P Ne / WP No.: 4




13

Hassa TIP / WP title: Po3pobka Ta mociimkeHHS J1abOpaTOPHOro MPOTOTHITY TIFOKO3HOTO
aBTOHOMHOTI0 OioceHcopa Ha 6a3i HM. / Development and research of laboratory prototype of
glucose autonomous biosensor based on NMs.

BiamnosiganbHa rpymna JMTOBChbKUX gociianukiB. / LP is responsible. (01.01.2025 - 31.05.2025).
im ITP / WP objectives: 3a BukopuctanHsi komepiiiiiHoro mpemapata 'O, HY, HM i
MOJIIMEPHUX TUTIBOK OyJie po3po0IeHO aBTOHOMHUM O10CEHCOP ISl BU3HAYCHHSI TJIFOKO3H, SIKUN
Oyze >xuBuTHCH 3a paxyHoK EBIIE (auB. m.4). OuikyeThCs, 110 cTa0labHICTD 1 YYTJIMBICTH LIBOTO
IPUCTPOIO OyJie BHILOI, HIK Y MOIepeHe po3po0aeHuX Ol0CEHCOPIB, KOTPi Oy po3poOIIeHI
JITT pawnimre. / A self-powered biosensor for glucose determination will be developed using a
commercial GO, NPs, NMs and polymer films, which will be powered by EBPE (see point 4). It
Is expected that the stability and sensitivity of this device will be higher than that of previously
developed biosensors developed by LP earlier.

ITP Ne / WP No.: 5

Haspa TIP / WP title: Po3pobka Ta mgociimkeHHs 1a00paTOpPHOTO AOCIIAHOTO 3pa3Ka
aprininoBoro MmoHoeH3umMHoro EBIIE Ha 6a3i AprO i katamTuyHo akTUBHUX HM sk mITydHHX
nepokcuaas. / Development and research of laboratory prototype of arginine monoenzyme
biofuel cell based on ArgO and catalytically active NMs.

OOuaBi rpynu HecyTh BiamoBimanbHicTh. / Both UP and LP are responsible (01.01.2025 —
31.05.2025)..

Iixi TIP / WP objectives:  Jlns BHTOTOBJIEHHS €NEKTPOMAIB rpadiTOBUH eNeKTpoa Oyme
monupikoBanuit [10-noxioaumu H3, monimipon-2-kap6oHoBoro kucioroo 1 AprO, sika Oyne
KOBaJICHTHO 1MMOOLTI30BaHa Ha TIOBEPXHI MMOMIMEPHOI IUTIBKK TOJIMippoii-2-KapOOHOBOT
kucinotu. B sxocti PO-moniOnux H3 mnanyerscs BukopucroByBaTu pizHi HY Onaroponnux i
nepexigaux Merams, Bkarodaroun HY Cu, Co, Ce Ta ixui xombinarmii. / For electrodes
fabrication, the graphite electrode will be modified with PO-like NZs, polypyrrole-2-carboxylic
acid and ArgO, which will be covalently immobilized on the surface of the polymer film. It is
planned to use various NPs of noble and transition metals, including NPs of Cu, Co, Ce and their
combinations, as PO-like NZs.

ITP Ne / WP No.: 6
Haspa IIP / WP title: Po3poOka Ta mociipkeHHs JabOpaTOPHOTrO MPOTOTUIY (EHOIBHOTO
moHoen3umHoro EBIIE a6o aprininoBoro aoensumuoro EBITE na 6a3i AprO ta makkasu. /
Development and research of a laboratory prototype of phenolic monoenzyme BFC or arginine
bi-enzyme BFC based on ArgO and laccase.
OO6wuBi rpynu HeCcyTh BiAnoBinansHicTh. / Both groups, UP and LP, are responsible. (01.06.2025
—31.12.2025).
i TP / WP objectives: [{is Burorosienus Genonbaoro monoeusumuoro EBIIE Haitkpari
enexkrpoaktuBHi HY Ta HM OymyTh K0o-IMMOO1TI30BaHi 3 JJAKKa30M 1 TMOJIMEPHUMU ILJTIBKAMH,
HAIPHUKIAJI, i3 TOIIMppoII-2-KapOOHOBOK KHUCJIOTO0, HA MOBEPXHI rpadiTOBUX €IEKTPOIIB. /
For the manufacture of phenolic monoenzyme EBPE, the best electroactive NPs and NPs will
be co-immobilized with laccase and polymer films, e.g. polypyrrrole-2-carboxylic acid, on the
surface of graphite electrodes.
s xoHcTpyroBanHs JqBoX-eH3uMHOr0 EBIIE Ha ocHoBi AprO Tta makkasu, sk katon Oyne
BUKOPHUCTAHO I'padiTOBHI eNeKTpo1, MoAU(IKOBaHUH JIakKa30ii, criijbHO iIMMOO1Ti30BaH01 3 HY
i HM, mo micturumyTh KoMmosuiii Pt, Au, rpadeny Ta inmux crmoayk. / To construct a two-
enzyme EBPE based on ArgO and laccase, a graphite electrode modified with laccase, co-
immobilized with NPs and NMs containing compositions of Pt, Au, graphene and other
compounds, will be used as a cathode.
s nBox-en3umHoro EBITE na ocHoBi AprO ta nakkasu, y MO€IHaHHI 3 Kpall[iMi HAHO3HMaMH
(H3), Oyne BHUBYEHA MOXKJIHUBICTH CTBOPEHHsI O€3MeNIaTOPHUX EH3UMHHUX O10€JeKTPO/IiB
«Ttpetboro mokomiHHs». Sk H3, 1m0 BukoHYyIOTH ponb «utyyHoi [IO» 1 karami3yroTh
nexkommosuiiio HO2, OynyTs Bukopucrani HU, oxeprkaHi MUISXOM XIMIYHOTO BiJHOBJICHHS
coseii mepexiguux i 6maropoarux Metanis (Co?*, Cu?*, Ni%*, Ag*). / For bi-enzyme EBFCs
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based on ArgO and laccases, in combination with better nanozymes (NZs), the possibility of
creating "third-generation” mediator-free enzyme bioelectrodes will be explored. As NZs that
perform the role of "artificial PO" and catalyze H>O, decomposition, NPs obtained by chemical
reduction of metal ions (Co?*, Cu?*, Ni2*, Ag*) will be used.
Ax mimeruku [1O, muaHyeThcsi BUKOPUCTOBYBAaTH B SIKOCTI aHOMHOTO Martepiamy pizai HY
OylaropoHUX 1 mepexiguux meramis, Bkitodatoun Cu, Co, Ce HY Ta ixHi KoMOiHaIIii.

ITP Ne / WP No.: 7

Hassa IIP / WP title: BupimieHHs KpUTHYHUX THTaHb, TMOB'SA3aHUX 13 IUIAHOBUMH
JOoCTipKeHHSIMH, miaroroBka 3BitiB. / Solving critical issues related to the planned research,
preparation of reports. O6uaBi rpynu HecyTh BianosinanbHicTh./ Both UP and LP are responsible.
(01.01.2024 — 31.12.2025).

Iixi ITP / WP objectives: ITnanyBanHs i KOOpAiHAIis CHUIBHUX JOCIMKEHb. [l1aHyBaHHS
Bi3uTiB. Tak, JII1 He mnaHyrOTH Bips/pKeHb B YKpainy, a wienn komauai YII H. Cracrok i O.
JleMKiB TUIaHYIOTH MPOWTH KpaTKouyacHe cTaxyBaHHA B rpymi A. Kaycaiite-Munkctumene,
ockineku JIIT € mpodecionanamu Bucokoro kinacy 3 koncrpytoBanHs EBIIK 1 MatoTe st 115010
Bce HeoOxiaHe obmaananns. / Planning and coordination of joint research. Planning visits. Thus,
members of LP do not plan business trips to Ukraine, but UP team members Dr N. Stasyuk and
Dr O. Demkiv plan to undergo a short-term internship in the A. Kausaite-Minkstimene group,
since LP are high-class professionals in the construction of EBFCs and have all the necessary
equipment for this task.

ITP Ne / WP No.: 8

Hasga I1P / WP title: TTizroroka myGuikartiid, y4actsb y KoH(pepeniisx. OOUIBI Tpynu HECYTh
BiamosigansHicTh. / Preparation of publications, participation in conferences. Both UP and LP
are responsible. (01.06.2024 - 31.12.2025)

Lim ITP / WP objectives: Pesysbratu CIiIbHUX TOCTIHKEHb OyAyTh MyOIiKyBaHi B HAYKOBHX
xypaanax Q1 i Q2. / The results of joint research will be published in scientific journals Q1 and

Q2.

6. I'padix Buxonanus npoekry / Project implementation time schedule

BiamnosiganeHuii 3a

Bianosigne 3aBnanus [P (mae BIIPOBAKEHHS

Oymu  i0enwmuunum  Hymepayii (6i0mimumu I'padix peamizamii npoekty (kBapranm) /

saedane  IIP,  s3aznauenux y xpecmuxom) | Project implementation schedule

nynkmi 5) | Corresponding WP Responsible for (quarters)

task (must be identical to the jmplementation (cross

numbering of the WP tasks mark)

specified in point 5) UA LT Pix 1/ Year Pix 2 / Year
1 2

1. TTP / WP KynbTuByBaHHSs rpu0iB
ta BuaiieHas ensumis/ Cultivation

of fungi and purification of ¥ S R
€eNnzymes
1.1 Kunituau r1pubiB, NPOAYIEHTIB
IJTBOBUX €H3UMIB Oynme
+ X X

KyJIBTUBOBAaHO y  ONTHUMAJIbHUX

yMOBax pocTy.

1.2 En3umu apriniHokcunaasa (AprO)
i Jakkaza OyayTh BUIUICHI 3 + X X
KyJIbTYpPaJbHUX DPIIUH NPOIYLIEHTIB,



xpomaTtorpadiyHo ~ ouMmIeHI  Ta
oxapaKTepnsoBaHi.

2. CuHTe3 HaHOMarepiamiB Ta
HAHOKOMITO3UTIB (HKM),
ONTHMI3allis  yMOB  CHHTE3Y,
XapakTepucTuka Ta BigOip /
Synthesis of nanomaterials and
nanocomposites, optimization of
synthesis conditions,
characterization and selection

2.1 Cunre3 HM i ckpuHiHr iX Ha
KaTaJiTHYHY aKTHBHOCTH B PO34MHI, &
came, Ha 3/1aTHICTh Oyt
3aminHuKamMu nepokcugazu (I10) i
nakkasu. / Synthesis of NPs and
screening them for catalytic activity in
solution, namely, for the ability to be
substitutes for peroxidase (PO) and
laccase.

2.2 Mopdomoriyaa, KiHeTHMYHA 1
eJIeKTpOXiMiuHa XapaKTEpUCTUKA
HalleeKTUBHIIIMX  HAHO3MMIB -
mryynux 10 1 ;makkasu.  /
Morphological, kinetic and
electrochemical characteristics of the
most effective nanozymes — artificial
peroxidase and laccase.

3.Po3pobka Ta  mOCIHIKEHHS
1a00paTOPHOTO MIPOTOTHITY
rimoko3noro EMBE/ Development
and characterisation of laboratory
prototype of glucose monoenzyme
BFC.

4. Po3poOka Ta IOCHIIKCHHS
71a00paTOPHOTO OPOTOTUILY
TJIIFOKO3HOT'O ABTOHOMHOTI'O
Oiocencopa Ha  0Oasi  HM/
Development and research of
laboratory prototype of glucose
autonomous biosensor based on
NMs

5. Pospobka Ta mociimKeHHS
1ab0paTOpHOTO JIOCJIL THOTO
3paska apriHiHOBOTO
MoHoeH3umHoro bBIIE na 06a3si
AprO 1 kaTaJiTUYHO aKTHBHUX
HM sk mry4Hux mnepokcuaas/
Development and research of
laboratory prototype of arginine
monoenzyme biofuel cell based on
ArgO and catalytically active
NMs.

6. Po3poOka Ta mociimKeHHS
1a00paTOpPHOTO MPOTOTHUITY

15
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denonbHOi MoHOeH3uMHOI BIIE
ab0 apriHiHOBOi  JBOCH3UMHOI
BIIE na 6asi AprO Ta JIAK/
Development and research of a
laboratory prototype of phenolic
monoenzyme BFC or arginine bi-
enzyme BFC based on ArgO and
LAC.

7. BupilieHHS KpUTUIHUX ITUTaHb,
TTOB'I3aHUX 3 IDIAHOBUMH
JOCITIPKEHHSIMU, MIATOTOBKA
3BiTiB / Solving critical issues
related to the planned research,
preparation of reports..

8. ITinroroBka myOJiKaIlii, y4acThb
y koudepenmisx/ Preparation of
publications,  participation in
conferences

7. Poan/Excneprusa napraepis / Role/Expertise of the partners

[TpoeKT TPYHTYETHCS Ha BXKE YCTAJCHIN CIHiBIpali MK HAyKOBISIMH BiIIUTY aHaJTITHYHOI
oiorexnosorii Iucturyty Oiomorii kmituan HAH VYkpainm Tta kadenpu aHamiTU4IHOI Ta
€KOJIOTIYHOI  XiMii XimiuHoro ¢akynsrery BinpHrochkoro VYHiBepcuteTy (JIutBa). Haykosi
naptHepu (ykpaiHceki, YII Ta nmuroBebki, JIIT) mpoBoasTh iHHOBAIiHHI HAYKOBI JTOCHIKCHHS Y
rajgy3sx, Skl KOMIUIEMEHTapHI MDK coOoro. OOuaBa konektuBu maptHepiB (YA 1 JIT) €
npodecioHataMid BUCOKOTO PIBHA B PI3HUX Tady3sX, 30KpeMa MiKpoOioJorii, €H3MMOJIOorii,
HaHOTEXHOJIOTi, OioTexHooril, aHamiTHYHOI XiMmii Ta enektpoximii. IIpo mpodeciiiHicTs 000X
koman, YII 1 JIII, a came, mpo HayKOBHii JOCBiA B KOHCTPYIOBaHHI 010CEHCOPIB 1 O10MaIMBHUX
€JIEMEHTIB, 30KpeMa, 13 BUKOPUCTAHHAM OKCHIOpEAyKTaxX i HaHOMarepialiB, CBIUaTh MMyOmiKarii
(mmB. IOCWITaHHA HA 30BHINIHI POQii KOKHOTO YjeHa KOMaH/IN) Ta Mepesik HayKOBUX T'PaHTIB,
B SIKUX Opayid y4acTh KepiBHHKH 000X rpym (mepemueni B CV kepiBHuKiB mpoekty). Cirifg
3a3HAYUTH, 10 KOMAHIM MapTHEPIB PO3MOYAIM CHIBIPAI0 B paMKaX CIUJIBHOTO YKPaiHCBKO —
JUTOBCHKOTO HAYKOBO-JIOCIIAHOTO MpoeKTy “Po3pobka GioceHcopiB i GiomaarmBHUX KOMIPOK 3a
BUKOPUCTAaHHS OKcuaopeaykras”, mo ¢inancyBaBcss MOH Vkpainu B 2020 — 2021 pp. [Ipotsirom
2020-2022 pp. VII onyOnikyBaHo 8 crarei 13 MOJSAKOI0 IboMy I'paHTy. B crmiBaBTopcTsi i3 JIIT
NOJaHo | CTAaTTIO B MIKHAPOJHUI HayKOBHIA XypHai Biosensors (1-if kBapTuiib, iMIakT GpakTop
5,743). 3aBmaHHs 3aMIaHOBAHOTO MPOEKTY € JIOTIYHUM TMPOJIOBKEHHSIM JOCIIKEeHbB, sIKI 0YJ10
posmouato B 2020 p. / This project is based on the already established cooperation between
scientists from the Department of Analytical Biotechnology of the Institute of Cell Biology of the
National Academy of Sciences of Ukraine and the Department of Analytical and Environmental
Chemistry of the Faculty of Chemistry of Vilnius University (Lithuania). Scientific partners
(Ukrainian, UP and Lithuanian, LP) carry out innovative scientific research in fields that are
complementary to each other. Both partner teams (YA and LT) are high-level professionals in
various fields, including microbiology, enzymology, nanotechnology, biotechnology, analytical
chemistry and electrochemistry. The professionalism of both teams, UE and LP, namely, scientific
experience in the design of biosensors and biofuel cells, in particular, using oxido-reductases and
nanomaterials, is evidenced by publications (see links to external profiles of each team member)
and a list of scientific grants in which the leaders of both groups participated (listed in the CV). It
should be noted that the partner teams began cooperation within the framework of a joint
Ukrainian-Lithuanian research project “Development of biosensors and biofuel cells based on
redox enzymes”, funded by the Ministry of Education and Science of Ukraine in 2020-2021. 8
articles were published recently by UP with acknowledgment to this grant. In co-authorship with
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LP, 1 article was submitted to the international high-impacted scientific journal Biosensors (1st
quartile, impact factor 5.743). The objectives of the planned project are a logical continuation of
those started in 2020.

Yxpainceknii naptaep (0o 1,5 cmopinku A4, 12pt) / Ukrainian partner (up to 1,5 A4 size sheet,
12 pt):

Komanpa Y11 Bkimrodyae 5 HaykoBiiB, 1 3 skux (Aaaa Mopo3) mae menmie 35 pokis. / The UP team
includes 5 scientists, 1 of whom (Anna Moroz) is less than 35 years old.

1) Muxaiino I'onuap, k.X.H., 1.0.H., npodecop, kepiBauk npoekry /Mykhailo Gonchar, DrSci,
Prof., Principal investigator. 02/02/1952. gonchar@cellbiol.lviv.ua;

IMocunanus Ha 30BHinHI mpodimi/Links to external profiles: https://orcid.org/0000-0001-8861-
4477, https://www.researchgate.net/profile/Mykhailo-Gonchar,  h-index=26 due to Scopus,
nepeik rpanTiB nogano B CV I'onuapa M.B.

Poins y HpOCKTiZ TOJIOBHUI ,Z[OCJ'Ii,I[HI/IK, KepiBHI/II_ITBO ,Z[OCJ'IiI[)KCHH}IMI/I KOMaHIH, Hi)ll"OTOBKa
HAyKOBUX JIOTIOBiAeW Ta MDKHapoAHMX myoOmikamiii. IlpeacraBneHHs pe3ynbTariB  Ha
MiKHapoaHUX KoH(pepeHmisx i popymax. / Role in the project: Principal Investigator, supervision
of the team research, preparation of scientific reports and international publications.
Representation of the results at international conferences and forums.

2) Tanuua Taiima, x.x.H., c.H.c. / Galina Gayda, Dr, senior researcher, senior scientist,
22/10/1954. galina.gayda@gmail.com;

INocunanns Ha 3oBHIimrHI mpodiai/Links to external profiles: https://orcid.org/0000-0003-4015-
8083, https://www.researchgate.net/profile/Galina-Gayda-2, h-index=17 from Scopus.

Ponb y mpoexTi: oneprkaHHS 1 XapaKTepUCTUKa eH3UMHHUX npernapatiB AprO i1 1akka3u, CKpUHIHT
HAHO3WMMIB B PO3YMHI 1 BHU3HAUEHHS iX KIHETHYHHX XapakKTepUCTHK. TicHa cmiBmpars i3
kepiBaukoMm JIIT Acrtoro Kaycaiite-Minkcrimene /  Role in the project: Purification and
characterization of enzymes ArgO and laccase, screening of nanozymes in solution and
determination of their kinetic characteristics. Close collaboration with LT Principal investigator
(Dr. Asta Kausaité-Minkstimiené) and synergies in conducted research.

3) Oavbra JlemkiB, k.0.H., HaykoBuii cmiBpoOitHuk / Olha Demkiv, Dr, research scientist,
20/07/1981, demkiv@yahoo.com.

[Mocunanus Ha 3oBHimrHI mpodimi/Links to external profiles: https://orcid.org/0000-0002-7999-
4436; https://www.researchgate.net/profile/Olha-DemkKiv, h-index=12 from Scopus.

Poub y mpoexTi: po3podka nadboparopaux npororumniB EBITE Ha ocHOBI ounmenoi nakkazu, 'O
ta HM, nocnipkeHHs 1X eKCIuTyaTaliiHuX apaMeTpiB; JOCTIPKEHHS MOKIMBOCT1 BUKOPHCTAHHS
oOpannx HM sk Martpunp ans iMmoOimi3amii OiokaramizaTopiB Ha IOBEPXHI eJIeKTpoia,
KOBaJIeHTHOTO abo ¢izuuHoro 3B's3yBanHs. / Role in the project: design of laboratory prototypes
of EBFCs on the base of purified laccase, GO and NMs, study of their operational parameters;
investigation of the possibility of using selected NMs as an immobilization matrix for covalent or
physical binding of biocatalysts on the electrode surface.

4) Haraais Craciok, K.X.H., HaykoBu#i criBpoOiTHuk /Nataliya Stasyuk, Dr, research scientist,
07/11/1987, stasuk natalia@ukr.net.

[Mocunanns Ha 30BHImHI npodini/Links to external profiles: https://orcid.org/0000-0001-6550-
8145, https://www.researchgate.net/profile/Nataliya-Stasyuk, h-index=11 from Scopus.

Ponp y mpoexri: cunre3 HM 3 BHCOKOIO e(EKTHBHICTIO IEPEHOCY €JEKTPOHIB BiJl
OilokaTanizaTopa 10 €JIEKTpOoJa Ta XapaKTepUCTHKA iX EJIEKTPOHHO-MEIiaTOpPHOI aKTUBHOCTI,
npoekTyBanHs Jabopatopaux mojaenei EBIIE na ocaoBi AprO; tectyBannst oopanux EBIIE mist
KUBJICHHS MIKpoesleKTpoHHuX vimiB. / Role inthe project: synthesis of NMs with a high efficiency
of electron transfer from biocatalyst to electrode and characterization of their electron-mediator
activity; design of BFC laboratory models based on arginine oxidase; testing the selected BFCs
for the powering of microelectronic chips.

5) Auna Mopo3, acmipanTtka, imkenep / Anna Moroz, PhD Student, engineer, young scientist
22/12/1998. morozannal998@gmail.com:;

[MTocunanus Ha 30BHIinHI npodini/Links to external profiles: https://orcid.org/0000-0001-5313-
6778.



mailto:gonchar@cellbiol.lviv.ua
https://orcid.org/0000-0001-8861-4477
https://orcid.org/0000-0001-8861-4477
https://www.researchgate.net/profile/Mykhailo-Gonchar
mailto:galina.gayda@gmail.com
https://orcid.org/0000-0003-4015-8083
https://orcid.org/0000-0003-4015-8083
https://www.researchgate.net/profile/Galina-Gayda-2
mailto:demkiv@yahoo.com
https://orcid.org/0000-0002-7999-4436
https://orcid.org/0000-0002-7999-4436
https://www.researchgate.net/profile/Olha-Demkiv
mailto:stasuk_natalia@ukr.net
https://orcid.org/0000-0001-6550-8145
https://orcid.org/0000-0001-6550-8145
https://www.researchgate.net/profile/Nataliya-Stasyuk
mailto:morozanna1998@gmail.com
https://orcid.org/0000-0001-5313-6778
https://orcid.org/0000-0001-5313-6778
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Ponp y npoekri: CKpUHIHT, KyJIbTUBYBaHHS Ta (ppakuioHyBaHHS BiJlIOpaHUX KYJIbTyp TpHOIB —
NPOAYIEHTIB Jlakka3H; cuaTe3 HM uist 3acTocyBanHs B KoHcTpytoBanHi EBIIE 1 6ioceHcopis. /
Screening, cultivation and fractionation of selected strains of fungi — producers of laccase;
synthesis of NMs for application in the construction of BFCs and biosensors.

OcHoBHI my0utiKaIlii HayKOBIIIB, SIK1 O€pYTh Y4acTh y MPOEKT1 II0JI0 TEMU NPOEKTY (5 nybaikayiil)
/ Major publications of the researchers involved in the project on the subject of the project (specify
5 publications):
1.  N. Stasyuk, G. Gayda, A. Zakalskiy, O. Zakalska, R. Serkiz, M. Gonchar. Amperometric
biosensors based on oxidases and PtRu nanoparticles as artificial peroxidase. Food Chemistry.
2019, 285, 213-220 (IF=6.306). https://doi.org/10.1016/j.foodchem.2019.01.117.
2. 0. Demkiv, G. Gayda, D. Broda, M. Gonchar. Extracellular laccase from Monilinia
fructicola: isolation, primary characterization and application Cell Biol. Intern. 2021, 45, 536-
548. (IF = 4.473) https://doi.org/10.1002/cbin.11316.
3. 0. Demkiv, G. Gayda, N. Stasyuk, O. Brahinetz, M. Gonchar, M. Nisnevitch.
Nanomaterials as Redox Mediators in Laccase-Based Amperometric Biosensors for Catechol
Assay. Biosensors Basel. 2022, 12(9), 741 (IF = 5.743) https://doi.org/10.3390/bi0s12090741.
4.  N. Stasyuk, O. Demkiv, G. Gayda, O. Zakalska, W. Nogala, M. Gonchar. Amperometric
biosensors based on alcohol oxidase and peroxidase—like nanozymes for ethanol
determination. Microchim Acta 2022, 189, 474. (IF = 6.408) https://doi.org/10.1007/s00604-
022-05568-z.
5. N. Stasyuk, O. Demkiv, G. Gayda, A. Zakalskiy, H. Klepach, N. Bisko, M. Gonchar, M.
Nisnevitch. Highly Porous 3D Gold Enhances Sensitivity of Amperometric Biosensors Based on
Oxidases and CuCe Nanoparticles. Biosensors Basel. 2022; 12(7), 472. (IF = 5.743)
https://doi.org/10.3390/bi0s12070472.

JIutoBchKuil mapTHep (0o 1,5 cmopinku A4, 12pt) / Lithuanian partner (up to 1,5 A4 size sheet, 12
pt):

Komamna JIIT Bxirouae 5 4iieHiB, 2 3 KOTPUX € MOJIOJAUMH HayKOBIsiME J10 35 pokis / The LP team
includes 5 members, 2 of whom are young scientists under 35 years old.

1) Acra Kaycaiite-MiHkcTiMeHe, K.X.H., JIOIICHT, KEPIBHUK IMPOEKTY, TOJOBHHIA HAyKOBHIA
cuiBpobiTHuk / Asta Kausaité-Minkstimieneé, Dr, chief scientist, Principal investigator,

1976, .asta.kausaite@chf.vu.lt; Tem./tel.+37052193115; h index = 24. https://orcid.org/0000-
0001-9831-9754; https://www.researchgate.net/profile/Asta-Kausaite-Minkstimiene;

2) Arbmupa PamanaBuuene, 1. Me/. H., pod., TOJIOBHUN HayKOBUH cmiBpoOiTHUK / Almira
Ramanaviciené, DrSci, Professor, chief scientist, 1968; almira.ramanaviciene@chf.vu.lt.
ten./tel. +37052193115; https://orcid.org/0000-0001-5864-0359; h index = 47.

3) AuTon IlonoB, K.X.H., IOLEHT, CTapIINi HayKoBUi criBpoOiTHUK / Anton Popov, Dr, Ass.
Professor, senior researcher, 1987, anton.popov@chgf.vu.lt;
ten./tel. +37052193115; https://orcid.org/0000-0002-9867-1931.

4) Bikropisn JlicuTe, NOKTOpPAaHT, K.X.H. MOJIOJIIINN HAYKOBHUH CHIBPOOITHUK, MOJIOIHIA
naykoseiib  /Viktorija  Lisyté, Dr, young researcher, young scientist, 1986;
viktorija.lisyte@chgf.stud.vu.lt, Ten./tel.+37052193115; https://orcid.org/ 0000-0002-6296-7570.
5) Aicre Kpikmranonure, 6akanaBp, 1abopanT, Mojoauii Haykosellb / Aisté KrikStaponyté,
bachelor, laboratory assistant, young scientist, 2001; aiste.krikstaponyte@chgf.stud.vu.lt;
tein./tel +37052193115.

OcHoBHI TyOJikamii HayKOBIB, $Ki OepyTh yd4acThb Yy TMPOEKTI IIOJO0 TEMH TMPOEKTY
(5 nyonixayiin) | Major publications of the researchers involved in the project on the subject of the
project (specify 5 publications):
1. A. Kausaite-Minkstimiene, A. Kaminskas, A. Ramanaviciene. Development of a
membraneless single-enzyme biofuel cell powered by glucose. Biosensors and
Bioelectronics, 216, 2022, 114657 (IF 12.545) https://doi.org/10.1016/].bi0s.2022.114657.



https://doi.org/10.1016/j.foodchem.2019.01.117
https://doi.org/10.1002/cbin.11316
https://doi.org/10.3390/bios12090741
https://doi.org/10.1007/s00604-022-05568-z
https://doi.org/10.1007/s00604-022-05568-z
mailto:asta.kausaite@chf.vu.lt
https://orcid.org/0000-0001-9831-9754
https://orcid.org/0000-0001-9831-9754
https://www.researchgate.net/profile/Asta-Kausaite-Minkstimiene
mailto:almira.ramanaviciene@chf.vu.lt
https://orcid.org/0000-0001-5864-0359
mailto:anton.popov@chgf.vu.lt
https://orcid.org/0000-0002-9867-1931
mailto:viktorija.lisyte@chgf.stud.vu.lt
https://orcid.org/0000-0002-6296-7570
mailto:aiste.krikstaponyte@chgf.stud.vu.lt
https://doi.org/10.1016/j.bios.2022.114657
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2. L. Sakalauskiene, A. Popov, A. Kausaite-Minkstimiene, A. Ramanavicius, A.
Ramanaviciene. The impact of glucose oxidase immobilization on dendritic gold
nanostructures on the performance of glucose biosensors. Biosensors-Basel, 2022, 12, 320
(IF 5.743) https://doi.org/10.3390/bi0s12050320.

3. A. Kausaite-Minkstimiene, A. Kaminskas, A. Popov, A. Ramanavicius, A.
Ramanaviciene. Development of a new biocathode for a single enzyme biofuel cell fuelled
by glucose. Scientific Reports, 2021, 11, 18568 (IF 4.997) https://doi.org/10.1038/s41598-
021-97488-w.

4. A. Kisieliute, A. Popov, R.M. Apetrei, G. Carac, I. Morkvenaite-Vilkonciene, A.
Ramanaviciene, A. Ramanavicius. Towards advanced microbial biofuel cells: self-
modification of microorganisms by conducting polymers. Chemical Engineering Journal,
2019, 356, 1014-1021 (IF 16.744) https://doi.org/10.1016/].ce].2018.09.026.

5. A. Kausaite-Minkstimiene, L. Glumbokaite, A. Ramanaviciene, A. Ramanavicius.
Reagent-less amperometric glucose biosensor based on nanobiocomposite consisting of
poly(1,10-phenanthroline-5,6-dione), poly(pyrrole-2-carboxylic acid), gold nanoparticles
and glucose oxidase. Microchemical Journal, 2020, 154, 104665
(IF 5.304) https://doi.org/10.1016/].microc.2020.104665.

8. Binpsaxenns / Business trips

Bigpsmkennst 1o JlutoBebkoi PecryOumiku / Business trips to the Republic of Lithuania

ITIB, mocana / Mera Bisuty / Purpose of the visit Pik / TpuBamicts 0HOTO
Name, surname, Year Bi3UTY (IHIB,
position MicsiiB) / Duration
of one visit (days,
months)
Cractok  Haranis, | [lepegaya ensumiB i cuHTe3oBanux *HM
HayKOBHU MapTHEPOBI  JUIi  BUKOHAaHHS  3aBJaHb
CHiBpOOITHHUK/ npoekTy. HaB4aHHS HOBUM MeTOJaMH
Stasyuk  Nataliya, | xoucrpyroBauus **BITE i ABC / Transfer of
research scientist enzymes and synthesized NMs to to a 2024 7 1w
JTleMKiB Oubra, | partner to perform project objectives. JHIB
HAyKOBUI Training in new methods of designing BFCs
cripoOitauk/Demki | and ABSs.
v Olha, research
scientist
Cracrok Haramist, | YyacTe y CHUTBHUX — JOCHIHKCHHSIX TIO
K.X.H., HayKOBHH | po3poO0Ili JOCIITHOTO 3pa3ka apriHiHOBOi
CIIBPOOITHHUK/ monoeH3uMHOI BITE Ha 6a3i AprO i HM sik
Stasyuk Nataliya, | mryunux mnepokcuaas. / Participation in
PhD, research | joint research on the development of a
scientist prototype of arginine monoenzyme BFC
JlemKkiB Ombra, | based on ArgO and NMs as artificial
K.0.H., HayKoBHi | peroxidases. 2025 7 nuis
criBpobiTHHK/Demki
v Olha, PhD,
research scientist

IMpumitka: *HM/NMs — nanomarepiasm/nanomaterials; **BITE i ABC /BFCs and ABSs - GionammBHi
eneMenTH i aBToHOMHI 6iocencopu / biofuel cells and autonomous biosensors

Bigpsokenns B Ykpainy / Business trips to Ukraine

Im’s1, ipi3BwIIE, Merta Bizuty / Purpose Pik / Year TpuBanicTs 0OTHOTO BI3UTY /
nocaza / Name, of the visit Duration of one visit
surname, position

- Bi3uTu He 3ammanoBasi/ 2024

- Visits are not planned 2025



https://doi.org/10.3390/bios12050320
https://doi.org/10.1038/s41598-021-97488-w
https://doi.org/10.1038/s41598-021-97488-w
https://doi.org/10.1016/j.cej.2018.09.026
https://doi.org/10.1016/j.microc.2020.104665
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9. Burpatm Ha pealizamil0 NPOEKTY I YKpaiHCbKOro mnaptHepa, rpa / Project
implementation costs for Ukrainian partner, UAH

Burtparu 3a paxXyHOK yKPaiHCbKOI CTOPOHH Pix 1, UAH Pik 2, UAH
1. Ilpsimi BuTpaTu / Direct costs: 98 000 98 000
1.1. Butpatu Ha OIUIATy IMpaii, BKJIOYAI0YU 70 000 70 000

nogaTku (maxc. 53% 6i0 3aecanvHoco ob6cse2y
sumpam) | Remuneration of the research staff
employed in the project, including Compulsory
State Social Insurance Contributions

1.2. Marepianu, HeOOXiIHI ISl BAKOHAHHS 14 000 10 000
po0iT, kpim crienycrarkyBanus (10-20% sio
3azanvro2o obcsey eumpam) | Materials,
consumables supplies and similar products

1.3. Butparu Ha ciyx00Bi BipsIKEHHS (32i0HO 14 000 18 000
3 3aNJIAHOBAHUMU BIOPAOIHCEHHAMU) (8i0NOBIOHO
00 Tlocmanosu KMY 6io 02.02.2011 Ne98) |
Travel expenses (Specify planned business trips)

2. Henpsimi ButpatH (ne Oinvwe 30% 6i0 42 000 42 000
3aeanvroco obcsey eumpam) | Indirect costs (up
to 30% of the total direct costs of the project)

Pasom*, rpu / Total, UAH 140 000 140 000

* - po3paxyHKOBa cyMa Ha ()iHAHCYBaHHS MPOEKTY 3aJICKUTh BiJ 3aTBEP/PKEHOTO OIODKETY Ha
BIJIMOBITHUN PiK 1 OPIEHTOBHO CTaHOBHUTH 140 THC. TPH Ha PiK

10. Yn HagaBaiaoch
panime o Temi mpoexty | | ] Tak / Yes
nepxkaHe dinancysanns? | x| | Hi/ No

/ Has the topic of the
project previously Skmno «raky, To Bkasatu poku / If «Yesy, indicate the years
received state funding?

Sxmo «Tak», To BKa3aTu
HA HeOOXigHICTh Ta
BiIMiHHICTH JOCTITKEHD,
sIKi mpononywrthbes / If
"Yes", then indicate
necessity and differences
of proposed project

Describe data of previous project(s)
Indicate necessity and differences of proposed research briefly.

InTenexkryanbHa BiaacHicTh: KokHa cTOpoHA Hece BiINOBIIALHICTE 32 MOHITOPHHT 3aXUCTY IHTEICKTYAIbHOT

BJIACHOCTI, CTBOPEHOI B Mekax [IpoekTy BIAMOBIAHO O MI>KHAPOAHUX yToJ, mignucanux CTopoHaMHu.
Intellectual property: Each party is responsible for monitoring the protection of the intellectual
property created under the Project in accordance with international agreements signed by the
Parties.
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YKkpaiHChbKa CTOpPOHA MIATBEPHKYE, IO JOCTIDKCHHS 3a II€I0 TEMAaTHKOI TIPOEKTY HE
(biHaHCYBaTUMYThCS 3 JIEpKaBHOTO OrokeTy mpotsaroMm 2024-2025 pokiB B MeXax 1HIIOTO/-UX
KOHKYpCiB. ¥Y pa3il oTpuMaHHs (iHAHCYBAHHS I[bOTO TIPOEKTY 3 JICP)KABHOTO OIOKETY — 3asiBKU
Ha MPOBEACHHS JIOCTIKEHB 3 Ii€1 TEeMAaTUKU HEe OyAyTh IMOJABATHCS HA 1HII KOHKYPCH MPOTATOM
nepioy peanizamii MpoeKTY.

The Ukrainian side confirms that research on this topic of the project will not be funded from the
state budget during 2024-2025 within the framework of other call/(-s). In case of receiving funding
for this project from the state budget — applications for research on this topic will not be submitted
to other calls during the project implementation period.

M#u noropKyeMoch, 1o MiHICTepCTBO OCBITH 1 HAyku YKpaiHu Ta MiHICTEpCTBO OCBITH, HAYKH
Ta ciopry JlutoBchkoi PecniyOmiku Oyne oOpoOaaTH mepcoHaabH1 JaHi, IO MICTSTHCS B TIPOEKTI,
[UIIXOM aJMiHICTPAaTUBHOI OIIIHKM TPOEKTY Ta MyOJiKyBaTUME MPOEKTU, 3aTBEPDKEHI s
peaunizanii Ha BeOcaifTax 3a3HayeHHX MiHICTEpCTB.

We agree that the Ministry of Education and Science of Ukraine and the Ministry of Education,
Science and Sport of the Republic of Lithuania will process personal data contained in the project
through the administrative evaluation of the project and the publication of the supported projects
on the mentioned above Ministry’s websites.
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Faculty of Chemistry and Geosciences

Acma Kaycaiime-Minkemivene/Asta Kausaite-
Minkstimiene

20.04.2023.

_

4
[TpopekTop 3 HaykoBOi podoTH BillbHIOCLKOIO
yHiBepcuTeTy/Pro-Rector for Research of Vilnius

university

Edita Suziedeliene.

Yxpaincskuii naptaep (UA) / Ukrainian Partner (UA):

HayxoBuii kepisnuk /
Principal investigator

I116 / Name and
surname

Hata / Date

[Tignnc / Signature

KepiBnux ycranosu /
Legal representative of
the institution

[1I6 / Name and
surname

Hara / Date

[Mianuc / Signature

[TewaTka / Stamp

3aB. BiAAiIOM aHaNITHUHOT DioTexHooril/
Head of Department of Analytical Biotechnology,

["onuap Muxaiino / Gonchar Mykhailo

19.04.2023

e

Hupexrop IBK HAH Ykpaiuu / Director of ICB
NAS of Ukraine

Cu6|pimﬁ\ Aﬁnpml&'bmy Andriy

s/ S\
'.,_,‘ \ \
15] 249042023, 1: \

{
/]
/

\ o\
N Z
N g NG (A /
& s
; (B //



23

CV ykpaiHCBKOI0 Ta JUTOBCHKOro HaykoBuX KepiBHuKiB npoekty / CV of Ukrainian and Lithuanian
Team Leaders

KepiBHuKk 3 YKpaiHChKOI CTOPOHU: K.X.H., 1.0.H. mpod. 'onuap Muxaiijio BacnaboBuu.
Hapopmuscs 02.02.1952 B c. Crpuranni bepexxancekoro p-Hy Tepnominecbkoi 001. Kanmunar
ximiyaux Hayk (1978), nouent (1984), mokrop Oiomoriuamx Hayk (2001), mpodecop (2005).
3akiHYMB 13 BIJ3HAKOK XIMIYHHUHA (DaKyIbTeT MOCKOBCHKOTO JI€pXaBHOrO yH-Ty iM. M.B.
JlomonocoBa (1974) Ta acmipaHTypy IOTO XK YHIBEPCUTETY 3a CHeliajbHICTIO "OGloopraHiuyHa
Ximist, XiMist IpupoIHUX 1 Qiziomoriuno aktuBHUX cnoiyk" (1977). Kanannarceka mucepraris
("Tlencuau KoHA") TpPHCBAYEHA BHUBYEHHIO TIEPBUHHOI CTPYKTYpU Ta (Hi3UKO-XIMIYHHX
BIACTUBOCTE MHOXMHHHX (OpM TMerncuHy (Hayk. KepiBHMK - mpod. B.M. CremaHoB).
Hoktopceka mucepramis ("llInsxu eHeprozadesmedeHHsT 1 JETOKCHKAIl Y METHIOTPOPHUX
IpLKIKIB Ta X CckepoBaHa MOAMQIKAINSA 3 METOK CTBOPEHHS HOBHX (PEpPMEHTAaTHBHHX 1
010CEeHCOPHUX aHAMITUYHUX CHCTeM', CHEIialbHICTh - 010XiMisl) MPHUCBSIYECHA IOCI]IDKCHHIO
MeTabo0Ii3My METAHOIY Y METHJIOTPOGHHUX JPIKIKIB Ta BAKOPUCTAHHIO KJIITHH 1 (PEpMEHTIB IIUX
MIKpPOOpPTaHi3MiB y O10CEHCOpHOMY Ta (DepMEHTATUBHOMY aHali31 (HAYKOBHM KOHCYJIBTaHT -
npod. A. A. CuGipHuit). 3aCTyHUK AUPEKTOPA 3 HAYKOBOi poOoTH [HCTUTYTY 610710TIi KITITHHU
HAH VYxpainu (2000-2007) Ta 3aBigyBad BiAiTy peryiasaTopaux cucteM kiitunu (2001-2007) , a
3TOJI0OM — aHaJITH4YHOI OioTexHosorii (3 2008 p.) boro x [HcTUTYTY.

OCHOBHHI HampsiIM HAYKOBHX JIOCIIKEHD - 010XiMisl Ta G10T€XHOJIOTisi HEKOHBEHIIMHIX
JOPDKKIB. 3amovyaTKyBaB HOBUH HAmpsMOK B HAyKoBii poOoTi [HCTUTYTY - aHamTHUHY
010TEXHOJIOTII0, PO3POOUB MMiIXOAM BUKOPHCTAHHS META0OIYHOI 1HXKEHEpii y KOHCTPYIOBaHHI
KITUHHUX OloceHcopiB. [IpoBoauth poOGotu 3 Oioximii OUKIB Ta €H3MMOJIOTii HOBITHIX Ta
pexoMOiHAaHTHHUX ()EPMEHTIB aHATITHYHOTO PU3HAYCHHS

ABtop moHaj 550 HaykOBHMX Ta METOJAMYHMX Ipallb, BKJIOYarouu 12 mareHris, 2
nigpyuynuku Ta 210 crareit (i3 Hux monaj 120 — y mpoBiAHMX MIKHApOIHMX >KypHajax,
Hanpukiaa, Biochim. Biophys. Acta, Anal. Biochem., Biosens. Bioelectron., Anal. Chim. Acta,
Appl. Microbiol. Biotechnol., Biotechnol. Bioeng., Sensors and Materials, J. Chem. Technol.
Biotechnol., Food Technol. Biotechnol., J. Basic Microbiol., FEMS Yeast Research, Talanta,
Intern. J. Environ. Anal. Chem., Electrochem. Commun., Food Chem., Chemosphere, Protein
Expression and Purification, Talanta, Microchim. Acta ta in. Cymapuuii iMmakr-(akTop
nyOuikanii — nmonan 220 (3a ocranHi 5 pokiB — Oau3bko 85). Cymapuuil ingexe Xipma - 22.
CmiBaBTOp PO3/iTiB 5-X aHIIIOMOBHUX MOHOTpadiii.

HaykoBuii kepiBHUK (200 BiIIOBIJaIbHUI BUKOHABEIIh) 0araTboX BITYM3HSIHUX HAYKOBUX
npoekTiB Ta 13 mibkHapoauux rpanTiB (INTAS-94-0552; INTAS-96-1971; NATO Linkage Grant
HTECH.LG 940691; INTAS Food Call 2000 N 00-751; INTAS OPEN CALL 03-51-6278; NATO
Linkage Grant LST.NUKR.CLG 980621; NATO Linkage Grant PDD (CP)-(CPP.NUKR.CLG
982955); STCU-project 4378; Soros International Science Foundation; NATO SPS(NUKR)SFPP
984173; MOIBCHKO-YKPAiHChKI Ta JIMTOBCHKO-YKpAaiHCHKi OilaTepaibHI MPOEKTH Tomio). Mae
BIIPOBA/PKEHI OI1OTEXHOJOTIYHI PO3POOKH - aHaNITUYHI Habopu s  (HepMEHTATUBHOTO
BU3HAYEHHS TIIIOKO3H, €TaHoiy Ta xonectepony (“AIATJIIOK”, “IIATJIIOK-2”, “AJIKOTECT”,
“XPOMOXOJIECTEPOJI”’) Ta TOTOBI 10 BIpPOBa/PKEHHS OioaHANITHYHI MPOAYKTH — HaOIp
“JIAKTATECT” 1 Giocencopauii anamzarop “@opmatecT’. YUacHUK 0araTboX MDKHAPOIHHUX
KoH(pepeH1ii. CTaxxyBaBcs y KUIBKOX 3aXiTHOEBpoNechbkux yHiBepeuteTax (Dnopenuis, Bineub,
Jlinc, Okcdopa, Jlion, bapcemona). IlpencraBuuk VYkpainm B MixkHapogHoi Kowicii mo
JOCTDKeHHIO ApiKKiB (3 1998 p.). [IpoTsirom 40 pokiB Oepe y4acTh y HayKOBO-TIEArOTIYHOMY
npoiieci, 30kpemMa, JIbBIBCHKOIO HAIllOHAIBHOTO YHIBepCUTETY iM. IBaHa ®PpaHKa — K JOLEHT
kadenpu 6ioximii (1980-1985 pp.), a 3ro0M 5K TOLIEHT (32 CYMICHULITBOM) Kaeipu TeHETHKH Ta
6iorexnomorii (3 1987 p.), mpodecop miei x kabenpu (3 2002 mo 2006 pp.) Ta mpodecop
XKemicbkoro yHiBepcutery B Ilombmii  (2008-2016 pp.). KepiBHuk 7-X 3axuIeHUX
KaHIUIATChKUX JUCEPTalliid Ta HAYKOBUH KOHCYJIBTAHT | TOKTOPCHKOI JucepTalii.

['onuap M.B. € uneHoM peaKoseriii 2 HayKOBUX BITUM3HSIHUX KYPHAJIB, PEIEH3CHTOM Y
MDKHAPOTHUX JKypHAJIaX.
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Haropomxenuit rpamororo IIpesunii HAH Vkpainu (2002 p.) ta I'pamororo (2009 p.) i
[TouecHoto (2011 p.) I'pamoramu BepxoBuoi Pagu Ykpainu. Jlaypeat [lepxaBHoi npemii YKpainu
B raly31 Hayku 1 TexHiku (2018 p.).

CV of UA leader: PhD, Dr.Sc. Prof. Mykhailo Gonchar. Date of birth: February 02, 1952.
Education: 1969-1974 — Student of the Moscow State University, Chemical Faculty, Department
of Chemistry of Natural Compounds; 1974-1977 — Postgraduate student of Moscow University,
Chemical Faculty, Department of Chemistry of Natural Compounds. Degrees: 1978 — Ph.D Thesis
"Multiple molecular forms of equine pepsin”, Moscow State University, speciality: Bioorganic
Chemistry, Chemistry of Natural and Biologically Active Compounds; 1983 — Associated
Professor (Dozent) Diploma on Biochemistry, lvan Franko State University of Lviv; 2001 — Dr.Sc.
Habilitation Thesis “Pathways of energy supply and detoxification in methylotrophic yeasts and
their directed modification for development of enzymatic and biosensor analytical systems”,
speciality: Biochemistry; 2005 — Professor, Diploma on Genetics and Biotechnology, Ivan Franko
National University of Lviv.

Current research interests: Construction of recombinant yeast strains capable to overproduce
some enzymes for Dbioanalytical purposes (alcohol oxidase, methylamine oxidase,
flavocytochrome by, formaldehyde dehydrogenase, creatinine deiminase, etc.) or enzymotherapy
of some kinds of cancer (human arginase). Development of modern bioanalytical tools (enzymatic
kits and biosensors) for assay of practically important analytes. Application of bionanotechnology
in Biosensorics and Fuel Cell technology.

Author of more than 550 scientific publications, including 210 full-length papers and 12
inventions (more than 120 — in journals with impact factor, e.g. Biochim. Biophys. Acta, Anal.
Biochem., Biosens. Bioelectron., Anal. Chim. Acta, Appl. Microbiol. Biotechnol., Biotechnol.
Bioeng., Sensors and Materials, J. Chem. Technol. Biotechnol., Food Technol. Biotechnol., J.
Basic Microbiol., FEMS Yeast Research, Talanta, Intern. J. Environ. Anal. Chem., Electrochem.
Commun., Food Chem., Chemosphere, Protein Expression and Purification, Talanta, Microchim.
Acta and others. The summary impact factor of publications is over 220 (about 85 over the last
5 years). Hirsch index (h-index) of publications — 22.

Participant of many international scientific projects: INTAS-94-0552 “Biophysical,
biotechnological and chemical approaches for studying of catalytic mechanisms of catalases,
dioxygenases and laccases”; INTAS-96-1971 “Development of the new enzymatic kits and
microsensors for ecological monitoring of formaldehyde pollutions”; NATO Linkage Grant
HTECH.LG 940691 “Structural and functional investigation of mutant forms of catalase from
methylotrophic yeasts”; INTAS Food Call 2000 N 00-751 “Novel Technology for Fermentation
Process Monitoring and Quality Control of Alcoholic Beverages Based on Enzyme Electrodes and
Kits”; INTAS OPEN CALL 03-51-6278 “Novel Biosensors and Analysis Kits based on
genetically engineered biomolecules for formaldehyde assay”; NATO Linkage Grant
LST.NUKR.CLG 980621 “Novel Biological and Chemical Sensors for Formaldehyde Monitoring
in Wasteswaters, Foodstuffs and Pharmaceuticals”; NATO Linkage Grant PDD (CP)-
(CPP.NUKR.CLG 982955) “Bio/Chemical Sensors for Detection of Toxins in Fish Meat”; STCU-
project 4378 ,,Gene and Protein Engineering of Oxidoreductases for Construction of Bionanosized
Objects of Analytical Importance”; Soros International Science Foundation “Pathways of
methanol oxidation and energy generation in methylotrophic yeasts”; NATO scientific project in
the frame of the Program “Science for Peace and Security” SPS(NUKR)SFPP 984173 “Novel
electrochemical Nano-Sensors for toxic ions Detection”; Polish-Ukrainian “Scientific integration
of the Polish-Ukrainian borderland area in the field of monitoring and detoxification of harmful
substances in environment”, funded by EC; Polish-Ukrainian and Lithuanian-Ukrainian bilateral
projects etc.

Teaching activity: 1980-1985 — Ivan Franko State University of Lviv, Department of
Biochemistry, Associated Professor (Dozent); 1987- 1997 — Ibid, Department of Genetics and
Biotechnology, Associated Professor (Dozent); 2002 — 2005 - Ibid, Department of Genetics and
Biotechnology, Professor; 2006-2007 — Ivan Franko Pedagogical University of Drohobych,
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Professor; 2008-2016 — University of Rzeszow (Poland), Department of Biotechnology, Professor.
Supervisor of 7 PhD and 1 DrSci thesis.

Gonchar M. is a member of the editorial boards of 2 scientific national journals and a
reviewer of a number of international journals.

He was awarded the Diploma of the Presidium of the NAS of Ukraine (2002) and the
Diploma (2009) and the Honorary (2011) certificates of the Ukrainian Parliament. Winner of the
State Prize of Ukraine in Science and Technology (2018).

KepiBuuk 3i croponn Jluteuw/CV of LT leader:

Assoc. Prof. Dr. Asta Kausaite-Minkstimiene. Date of birth: January 03, 1976.

Education: 1994 — 1997 student at Vilnius Higher School of Technology; 1997 — 2001
bachelor student at Vilnius University, Faculty of Chemistry and Geosciences, Institute of
Chemistry, Department of Analytical and Environmental Chemistry; 2001 — 2003 bachelor student
at Vilnius University, Faculty of Chemistry and Geosciences, Institute of Chemistry, Department
of Analytical and Environmental Chemistry; 2003 — 2007 PhD student at Vilnius University,
Faculty of Chemistry and Geosciences, Institute of Chemistry, Department of Analytical and
Environmental Chemistry, title of PhD thesis: “Some aspects in development of biofuel cells and
biosensors”.

Recent Occupations: Associated professor at Vilnius University, Faculty of Chemistry and
Geosciences, Institute of Chemistry, Department of Analytical and Environmental Chemistry;
senior researcher at State research institute Centre for Innovative Medicine, Department of
Immunology.

Current scientific interests: analytical and bioanalytical chemistry, biochemistry,
bioelectrochemistry, chemistry, biomedicine, immobilization, stabilization and modification of
biomolecules, m—m cojugated polymers, their synthesis, characterization and application,
electrochemical and optical biosensors, biofuel cells, self-powered biosensors, nanotechnology
and nanobiotechnology, nanoscience.

Current research objects: development of catalytic and affinity biosensors and their
application in analytical chemistry and biomedicine, development of biofuel cells, n-n-conjugated
polymer nanolayers or nanoparticles synthesis, characterization and application for immobilization
of biomolecules, studies of biomolecular interactions, studies of electron transport.

Links to external profiles: https://orcid.org/0000-0001-9831-9754;
https://www.researchgate.net/profile/Asta-Kausaite-Minkstimiene.

Author of: 47 scientific articles in periodical academic publications with citation index (over
1890 independent citations (without self-citations)), 1 scientific article in other foreign per-
reviewed scientific journal, 4 scientific articles in Lithuanian per-reviewed periodical scientific
journals, 1 educational book, 1 chapter in edited book, over 100 conference theses. H-index — 24
(according to Clarivate Analytics Web of Science database).

Participation in national and international scientific projects: 2022 — 2025 Research
Council of Lithuania, Researcher Groups project “Surface plasmon resonance and spectroscopic
ellipsometry based immunosensors for the detection of antibodies against SARS-CoV-2 proteins”,
project participant; 2022 Measure No. 09.3.3-LMT-K-712 “Development of competences of
scientists, other researchers and students through practical research activities”, activity
“Development of students’ abilities to conduct R & D activities”, Sub-activity “Development of
students’ abilities by conducting research during the semester”, project “Application of
peroxidase-mimicking nanoparticles for the preparation of an enzymatic biofuel cell cathode”,
project leader; 20021 — 2023 European Regional Development Fund project under Measure 01.2.2-
LMT-K-718 “Targeted Research in Smart Specialization Areas” and under grant agreement with
the Research Council of Lithuania (LMTLT) “The investigation, evaluation, and practical
application aspects of SARS-CoV-2-virus proteins interaction with specific antibodies” (COVID-
19 R&D Implementation scheme (SMART)), project participant; 2021 — 2022 Measure No.
09.3.3-LMT-K-712-25-0013 “Development of competences of scientists, other researchers and
students through practical research activities”, activity “Development of students’ abilities to
conduct R & D activities”, Sub-activity “Development of students’ abilities by conducting
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research during the semester”, project “Development and research of a single enzyme glucose
biofuel cell”, project leader; 2020 — 2022 ,,Promotion of Post-Doctoral Fellowships* project Nr.
09.3.3-LMT-K-712-19-0170 ,,Development and study of analytical system for multiple cancer
biomarkers detection”, fellowship supervisor; 2020 — 2021 Research Council of Lithuania, The
Lithuanian—Ukrainian Cooperation Programme in the Fields of Research and Technologies
according to the bilateral collaboration agreement, project ,,Development of biosensors and biofuel
cells based on redox enzymes* (No. S-LU-20-11/2019), project leader; 2019 Measure No. 09.3.3-
LMT-K-712-15-0037 “Development of competences of scientists, other researchers and students
through practical research activities”, activity “Development of students’ abilities to conduct R &
D activities”, Sub-activity “Development of students’ abilities by participation in scientific
summer internships”, project “Investigation of the targeted immobilization of antibodies against
CDS5 using protein-G”, project leader; 2019 — 2023 Measure No. 01.2.2-LMT-K-718 ,, Targeted
Research in Smart Specialisation Areas® of priority axis 1 ,,Promotion of research, development
and innovations of the Operational Programme for the European Union Funds® Investment in
2014-2020, activity ,,Attracting Foreign Researchers for Research Implementation”, project
»Development of a nanobiosensor: a multiplex analysis of diagnostic  biomarkers for
personalization of osteoarthritis therapy®, project participant; 2019 — 2020 Measure No. 09.3.3-
LMT-K-712-16-0158 “Development of competences of scientists, other researchers and students
through practical research activities”, activity “Development of students’ abilities to conduct R &
D activities”, Sub-activity “Development of students’ abilities by conducting research during the
semester”, project “PPR immunosensor for detection of malignant T-cell biomarker CD5”, project
leader; 2018 — 2021 Research Council of Lithuania, European Union Funds project “Smart
membranes for electrochemical devices” funding under the measure No 01.2.2-LMT-K-718
“Targeted Research in Smart Specialization Areas”, project participant; 2018 — 2024 Horizon 2020
Marie-Sklodowska-Curie Action Research and Innovation Staff Exchange (H2020-MSCA-RISE-
2017) project “Novel 1D photonic metal oxide nanostructures for early stage cancer detection —
CanBioSe”, project participant; 2018 — 2019 Measure No. 09.3.3-LMT-K-712 “Development of
competences of scientists, other researchers and students through practical research activities”,
activity “Development of students’ abilities to conduct R & D activities”, Sub-activity
“Development of students’ abilities by conducting research during the semester”, project “Surface
plasmon resonance immunosensor for human growth hormone detection”, project leader; 2018
Measure No. 09.3.3-LMT-K-712 “Development of competences of scientists, other researchers
and students through practical research activities”, activity “Development of students’ abilities t0
conduct R & D activities”, Sub-activity “Development of students’ abilities by participation in
scientific summer internships”, project ,,Investigation of the oriented immobilization of antibodies
using boronic acid, project leader; 2015 — 2017 Research Council of Lithuania, National Research
Programme Healthy ageing, project “Non-invasive glucose sensors”, project participant; 2012 —
2015 European Community’s social foundation, project “NanoZim’s”, participant; 2013 — 2014
Research Council of Lithuania, bilateral Lithuania-Belarus programme, project ,,Improved glucose
biosensors with immobilized bicomposite nanomaterials”, project participant; 2010 — 2011
Research Council of Lithuania, project ,,Multifunctional registration system for the extension of
immunosensor capabilities”, project participant; 2005 — 2010 COST action D34, “Molecular
targeting and drug design in neurological and bacterial diseases”, project leader; 2009 Research
Council of Lithuania, students research practice project “Designing of ultra-sensitive human
growth hormone detection system” performed by student during summer, project leader; 2008 —
2009 COST action D31 “Organising non-covalent chemical systems with selected functions”,
project participant; 2006 — 2008 project of EU structural funds “Centre of nanotechnology and
material science (NanoTechnas)”, assistant of project leader; 2006 — 2008 project of EU structural
funds “Strengthening of the university’s practical studies and scientific research infrastructure in
areas of modern bioscience”, coordinator from Institute of Immunology; 2006 — 2008 project of
EU structural funds ,,Study programme of nanotechnology and material science centre
(NanoStudijos)“, lecturer; 2007 — 2008 project of EU structural funds ,,Study programme of
nanotechnology and material science centre (NanoStudijos)“, leader of the study module
“Application of bionanotechnology and organic nanostructured materials”; 2007 COST action P12
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“Structuring of polymers”, coordinator for Lithuania; 2007 Research Council of Lithuania,
students research practice project “Synthesis and study of electrically conductive polymer
polyaniline” performed by student during summer, project leader; 2007 Research Council of
Lithuania, students research practice project “Determination of human growth hormone by surface
plasmon resonance” performed by student during summer, project leader.

Teaching activity: Biochemical and Nanotechnological Methods in Nanobiotechnologies
for first-year Master's students in the direction of nanomaterials and material science, Department
of Analytical and Environmental Chemistry, Faculty of Chemistry and Geosciences, Vilnius
University; Fundamentals of Analytical Toxicology for fourth-year students in the direction of
pharmacy, Faculty of Medicine,Vilnius University; Analytical Methods for Nanomaterials for
third-year bachelor students in the direction of nanomaterials and material science, Department of
Analytical and Environmental Chemistry, Faculty of Chemistry and Geosciences, Vilnius
University; Analytical Chemistry Il for second-year bachelor students in the direction of
biochemistry, Department of Analytical and Environmental Chemistry, Faculty of Chemistry and
Geosciences, Vilnius University.

2016 — 2018 Lithuanian expert in EU research and innovation program “Horizon 2020
“Nanotechnologies, Advanced materials, Biotechnology, Advanced manufacturing and
Processing” committee.
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Hauionansna Akanemis Hayk National Academy of Sciences of
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3ACTYITHHUKY MIHICTPA

OCBITH 1 HAYKH YKPAIIIU

3 [MUTAHBb €BPOITEUCLKOL IHTETPALUT
OJIEKCIIO LLIKYPATOBY

[Tomaemo Bam npoexTHy 1Hponosuitiio Ha y4acTs y KOHKYpPCI CHIIBHHX
YKPATHCBKO — JIMTOBCHKHX HAYKOBO-/I0CIIIHMX MPOEKTIB A4 peanizauii y 2024 —
2025 pp.

Haszga npoekty: “3acrocysannst 1HalOKOMNO3ZUTHHX —MaTtepianis  ans
HOKPALIEItNS  OllepaliidliuX NapaMeTpiB eH3UMMHUX OIOMANMBHHMX CJIEMEHTIB |
apTOHOMHHX OioceHcopis”. KepiBHuku: Muxaiino owuap (Ykpaina) i Acra
Kaycaitre-Minkcrimene (JTutsa).

| IpiopureTnuii nanpsM po3BUTKY Haykd i TexHikH B Ykpaiui: Hayku npo
JKUTTH, HOBI TEXHOJOTI NKYBAHHA Ta NMPOQINAKTHKH HaAMMOWMPEHIHX XBOPOO,
JOCTIIKCHHS Y cdepl GioTexHooril, OloiHXKCHEpIT Ta TEHETHKH.

Jlocaipkenna 3a TeMolo NpocKTy He HiHAHCYIOTHCA 3 AePKOIOKETY B MEKaX
IHIIMX KOHKYPCIB.

JIOJTATKH:
|. 3asBKa Ha Y4acTh Y KOHKYPCI IPOEKTIB.
2. JIucT-niATBCPIKCHHA BiJ IHTOBCHKOIO MapTHEPA - KEPIBHHKA NPOEKTY .
3. AKT eKCHepTH3H Ha BIIKPHTY nyOsiKawiio marepiaiis 3a TeMom0
MPOEKTY. ®
4. CV ykpaiuchkoro ta JIMTOBCHKOTO uayKQBip_;; KepiBHUKIB ITPOEKTY.
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ikumentg elektroniniu
radu pasirajé

MTA SUZIEDELIENE
23-04-19 12:48:23

VILNIUS UNIVERSITY

To Andriy Sibimy 18-04-2023 No. SRP- 449
Institute of Cell Biology,
National Academy of Sciences of Ukraine
Dragomanov St., 14/16, 79005, Lviv,
Ukraine

LETTER OF CONFIRMATION

I hereby certify that the group of Assoc. Prof. Dr. A. Kausaite-Minkstimiene will collaborate
with the group of Prof. M. Gonchar in the framework of the joint Ukrainian-Lithuanian R&D
projects for the period of 2024 — 2025 on the following topic: “Application of nanocomposite
materials for improving the performance of enzymatic biofuel cells and self-powered

biosensors”.

Pro-Rector for Researgh Prof. Dr. Edita Suziedeliene
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SATBEPOXYHIO

Bionoril kniTuHM HAH Ykpainn

can. HAH Ykpainn CubipHuin A A,
/ “27" kBiTHA 2023 p.

AKT EKCNEPTU3M

Ha BIAKPUTY nybnikauilo pesynbTaTis A0CNIMKEHb N0 TEMI NPOEKTY
«3acToCyBaHHA HAHOKOMMO3MTHUX MaTepianie ans NOKpaweHHsA
onepauyinHMx napameTpiB eH3IMMHUX BionanuBHUX ENIEMEHTIB i
aBTOHOMHMX BioceHcopiBy,

EkcnepTha komicia IHcTuTyTy Gionorii knituiu HAH Ykpaiuu y cknagi npos. H.c.
npo.. A6 H. Jlyumka M.[., eyeHoro cekperaps, K.6.H. bapcbkoi M.J1.. kepisHuka
HECTPYKTYPUBAHOIO NiAPO3AINY 3 NUTaHb TpaHcdepy TeXHONONN, IHHOB. AIRNLHOCTI Ta
iHTenc. 1. BnacHocti, k6.H. Bosk O.., 3a8.  sig. kagpis __Myapak A.M.
pPO3InsHyna marepianu cninbHoro YKPaiHCLKO-NTUTOBCLKOTO HayKoBoO-
AocnigHoro npoekty MOH Ykpaitn ans peanisauii y 2024-2025 pp. «3acToCyBaHHA
HAHOKOMMO3WTHUX MaTepianis ANA NOKPaWEeHHA onepauyiiHuX napameTpis
EH3IUMHUX GioNanuBHWUX ©NeMEHTIB i aBTOHOMHUX GiOCEHCOPIB», i nopieHaBLLW
HapaHi marepiany i3 «3BOAOM BIAOMOCTEW, IO CTAHOBNATL AEPXKaBHY TAEMHULIOY,
AKWU 3aTBepKeHUn Hakasom CBY eia 12.08.05 Ned40 Ta BinoMOCTei, LLO CTAHOBAATL
AepxaBHy  TaeMHUUI,  3pobuna  BMCHOBOK: Yy  NPOEKTI  «3acTocyBaHHA
HAaHOKOMMNO3UTHMX MaTepianiea AnNA MNOKPAWeHHA oOnepauitHuxX napameTpis
EH3MMHMX BionanuMBHUX eNeMEeHTIB i aBTOHOMHMX GiOCEHCOPIB» HE MICTATbCA
maTepiany, Wo CTaHOBNATL AepPXaBHY TAEMHULIIO.

YneHu KoMmicii: Y/
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