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1. 3aBaanus npoekry (0o 0,5 cmopinku A4, 12pt) (mym i oani —obcse 0nst mekcmy yKpaiHcokoio
MOB0I0;, 00Cs2 MeKCmy aH2lICbKOI0 MOBOIO 8 3ajiedicHocmi 6i0 nepexnady) | Project objectives
(up to half A4 size sheet, 12pt)

MeTta mpoekTy mojsrae y po3poOii HOBUX Ol0aHANITUYHUX METOMIB Ui KUIbKICHOTO
BU3HAYCHHS BMICTY KpEaTHHIHY — MeTaboiiTy OiIKOBOTO OOMiHY, Ba)KJIMBOTrO OioMapkepa
(YHKIIOHANBHOTO CTaHy HHUpPOK. SIK aHamTUYHMA 1HCTpyMEHT OyAe BHUKOPHCTAHO
pekoMOiHaHTHY (GopMy cTabiapHOI MikpoOHOT KpearuHinaeiminazu (KJI), mpomyneHT sKO1
CTBOpPEHO aBTOpamu 1boro npoekty [Zakalskiy et al., 2020]. PoGora Bk/rO4ae Taki OCHOBHI
etamy: 1) mpenapaTuBHE BUIIJICHHS Ta OUUILICHHS peKOMOiHaHTHOT kpeatuHinaeiminazu (K1) 3
KJIITUH MIKpOOHOTO HaAmpoayleHTa gepmenTa; 2) po3podka eH3UMATUYHOIO METOAY aHalli3y
KpeaTuHiHy 3a BuKopuctanHs KJII i3 cnekTpodoTOMeTpruHO Ta (BIyOpUMETPUIHOIO
JETEKINEI KIHIEBOTO MPOAYKTY; 3) CKPUHIHT Ta CHHTE3 HOBHX XEMOCEHCOPHHX MaTepiallis,
YyTJIHUBUX 1O 10HIB aMOHiIO; 4) CTBOPCHHSA Ta XapaKTCPHUCTHKA HOBOI'0 aMIICPOMCTPUYUHOIO
6ioceHcopa il BU3HAYEHHS BMICTY KpeaTHHIHY Ha OCHOBI BUKOpHUCTaHHs pekomOiHanTHOI K/II
Ta XEMOCEHCOPHOI MeMOpaHM, YyTJIMBOi JIO 10HIB aMOHIIO; 5) TecTyBaHHS CTBOPEHMX
€H3MMaTHYHOI0 Ta 010CEHCOPHOT0 METO/IIB aHaJII3y KPeaTUHIHY Ha pealbHUX KJIHIYHUX 3pa3Kax
O10JIOTIYHUX PIAVH JTFOIUHH.

The aim of the project is a development of new bioanalytical methods for quantitative
analysis of creatinine - a metabolite of protein metabolism, an important biomarker of the
functional state of the kidneys. As an analytical tool, the recombinant form of stable microbial
creatinine deiminase (CDI) will be used, producer for which has been constructed by authors of
the current project [Zakalskiy et al., 2020]. The work includes the following main stages: 1)
preparative isolation and purification of recombinant creatinine deiminase (CDI) from cells of
microbial overproducer of the enzyme; 2) development of CDI-based enzymatic method for the
analysis of creatinine using spectrophotometric and fluorimetric detection of the final product; 3)
screening and synthesis of new chemosensory materials sensitive to ammonium ions; 4)
construction and characterization of a new amperometric biosensor for the determination of
creatinine, based on the use of recombinant CDI and selected chemosensory membrane, sensitive
to ammonium ions; 5) testing the created enzymatic and biosensor methods for analysis of
creatinine on the real clinical samples of human biological fluids.

2. Onuc motouHoi cutyamii (0o 2 cmopinox A4, 12pt) / Description of the current situation
(up to 2 A4 size sheets, 12pt)

Iloka3HUK BMICTY KpeaTHHIHY B IuIa3Mi (CHpOBATINl) KPOBi, 3aBASKH CBOill MPOCTOTI i
JEIIeBU3HI, IIUPOKO BUKOPUCTOBYETHCS B PYTHUHHIM MEIUUHINA MpaKTULI ISl BU3HAUEHHS
HIBUAKOCTI KIIyOOuKOBOi (ifbTpalii - 1HTErpajJbHOr0 MOKAa3HWKA BHUIIBHOI (YHKII HUPOK.
HopmanbeHuii BMICT KpeaTHHIHY B KPOBI CKJIaa€: Juis )KiHOK — 44-97 MKM, 1151 4OJOBIKIB - 62—
115 MxM. Ipu yHKIiIOHYBaHHI TUTBKU OJHIE] HUPKU IEW PiBEHH IMiABUITYEThCA 10 159-168
MKM. IlinmBuiieHa MoOHaa HOPMY KOHIICHTpAIlisli KPEaTHHIHY B CHPOBATIl KPOBI (I miTeH —
noHax 177 mMxM, mns gopocnux — moHan 885 MKM) CBiIUMTH TPO CEpHO3HY HHUPKOBY
HeJocTaTHICTh. [imepkpeaTuHiHeMiss MO)ke OyTH NOB’s3aHAa 3 XPOHIYHMMHU ab0 TOCTPUMHU
HUPKOBUMH 3aXBOPIOBAaHHSAMHM Ta YpPaKEHHSAM HHPOK TOKCHYHUMH YMHHUKAMH, 30KpEMa,
MeIKaMeHTaMu (PEHTTeHOKOHTPACTHI 3aC00M, aHTHOIOTUKU-aMIHOTIIKO3UIN, aHTHO10TUKHU-
nedasocopuy, CTaTUHHU, TOmO). lliBUIIEHHS piBHS KpeaTWHIHY B CHPOBAaTIi KpOBI
CITOCTEPITAETHCS TAKOXK MPH CIIOKHUBAaHHI BEJIMKO1 KIJTBKOCT1 M'sica (SKIIO, KPiM TOT0, Ma€ MicCIle
HiBUIEHUI BMICT KpeaTHHiHy B cedi). PiBeHb KpeaTHHIHY MiJBUIIYETHCS TaKOX IMPH
3HEBOJAHCHHI OpPraHi3My, ypakeHH1 M's31B. 3HIKEHHS BMICTY KPEaTHHIHY CIIOCTEPITa€ThCs MPH
HEJ0CTaTHROMY CIIOKMBAaHHI M'sica, BEreTapiaHChKOMY pallioHi, roJIoyBaHHi, a Takox B | Ta |l
TpUMECTpax BariTHOCTi. KpeaTuHIH pO3IIISa€eThCsl K BaXXIMBUK TOKa3HUK (i310JI0TYHOTO
ctany cnoprcmeniB [Banfi, 2010], i € morpeba y mpocTux, HeiHBa3iHHUX METO/IaX aHAI3y IOTO
MeTabomiTy B 610J0TIYHUX PiIMHAX, BKIFOYAIOYH MIiT.

Jlns BU3HAUEHHS BMICTY KpEaTHMHIHY OIpPAlbOBAaHO Pi3HI XiMiuHI Ta (I3MKO-XIMiYHI
metoau [Narayanan and Appleton, 1980; Mapdenko i criiBast., 2013], BKIroUaroun 100pe BioMy
KOJBOPOBY peakiiito SIpde 3 yTBopeHHIM KOMIUIeKCY SIHOBCBKOrO 3 mikpar-aHioHom [Jaffe,
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1886], mpoTe HemoOIiKaMH OCTAaHHBROTO METONy (a TakoK pI3HUX Monudikalliil) € HHU3bKa
cnenudivHICTh Ta YyTJIUBICTH JO MO3UTHUBHOI 1 HeraruBHOI iHTepdepeHuii 3 00Ky CymyTHIX
pedoBHH. 3anpONOHOBaHI (PI3UKO-XIMi4HI METOJM NOTPEOYIOTh 3HAYHUX 3aTpaT yacy, TpPUBAJIOL
Ta CKJAJHOI MiATOTOBKH MPOO, JOPOTHUX PEaKTHUBIB, BHCOKOKBaTI(IKOBAHOTO MEpPCOHANY 1,
HaWTOJIOBHIIIE, HE IAIOTH MOXKIIMBOCTI aHAJI3y B PEKUMI PEAIbHOTO Yacy.

JUis  eH3UMMaTU4YHOro  aHajizy  KpeaTHHIHY  3alpONOHOBAHO  CYMNPSIKECHHS
KpeaTUHIHJeIMIHa3HOI peakiii, B fAKili yTBOPIOEThCSA aMiak, 13 TIIyTaMmaTIeriporeHa3Hoo
peaxiuiero, B siKiid BiOyBaeTbes okucieHHs: NADH, 1110 MOHITOpYeThCS CIIEKTPOPOTOMETPUYHO
npu 340 um [Gottschalk et al., 2005]:

creatinine deiminase

creatinine > N-mefhylhydanfoimNHa

NH, + a-ketoglutarate + NADH/H: 21l dehvdregencse, gy tqmate + NAD*

[HmM# miaxig IPyHTYEThCS Ha BUKOPHMCTAaHHI JABOX (epMmeHTiB - kpearwHiHazu (KD
3.5.2.10) ta kpeatunazu (K® 3.5.3.3). KpearuHin nepeTBOpIOE€THCS KpeaTHHIHA3010 B KpeaTuH,
a KpeaTuH 3a Jii KpeaTHHa3! — JI0 CEYOBHUHH 1 CAPKO3HHY, IKUH BU3HAYAETHCS KOJIOPUMETPUIHO
(pu 570 um) abo payopumerpuyHo (Ex/Em = 538/587 um) 3a BukopucTranHs mie 2-X GepMeHTIiB
- CapKO3MHOKCHJIa31 Ta mepokcuaasu. Ha npomy npuHIun noOyJ0BaHO €H3MMaTUYHHUIA HaOip
JUIE  aHami3y  KpeaTuHiHy, sAKui  Bumyckaerbcs — ¢dipmoro  “SIGMA-ALDRICH”
[http://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/Bulletin/1/mak080bul.pdf] (katanoxha mina — 342 €Bpo Ha 100 BU3HaUYCHB),
a TaKOXK KpEaTUHY [http://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/Bulletin/1/mak079bul.pdf] (wima 360,5 €Bpo Ha 100 BH3HAYCHB).
Amnanorivauii  Habip JuIg  aHamily  KpearuHiny  Bupobmse  ¢ipma  BIOVISION
[http://www.biovision.com/creatinine-colorimetric-fluorometric-assay-Kit-
2919.html?0sCsid=h0e9c76dgpo08ojioabj4fp9jl] (kaTamoxkua mina — 285 mgonapis CIIIA ua 100
BU3HAYEHB), a TaKOX dbipma ABCAM
[http://www.abcam.com/ps/products/65/ab65340/documents/ab65340%20Creatinine%20Assay
%20kit%20protocol%20v9%20%28website%29.pdf] (3a miroro 385 eBpo Ha 100 aHamiziB).

Benukwii iHTEpeC BUKJIMKAE KOHCTPYIOBAaHHs 010CEHCOPIB UI aHaNi3y KpeaTtuniny [Pundir
et al., 2019]. B niteparypi onmcano pi3Hi TUIIH 010CEHCOPIB, SKI IPYHTYIOThCS, B OCHOBHOMY, Ha
3acrocyBaHHI pepmenta K/II (sk GiokaTamiTUYHOTO €IeMEHTa), YaCTO Y MOEAHAHHI 3 IHIIUMHU
depmenramu [Zakalskyi et al., 2019]. [Inst mnepeTBopeHHs CUTHATY BUKOPUCTOBYIOTHCS IPUCTPOT
PI3HOTO THITY — MMOTEHIIIOMETPUYHI, aMIIEPOMETPUYHI, KOHyKTOMETPHYHI, IMITEIIOMETPUYHI Ta
ONTUYHI. YKpaiHCbKMMH aBTOpamu [Mapuenko Ta cmiBaBT., 2013] ommcano maGoparopHi
MPOTOTHUITM NOTEHI[IOMETPUYHOTO OioceHCcOpa HAa OCHOBI pH-uyTIMBOro TpaH3ucTopa, mpore ix
HEJOJIKOM € HEraTUBHUN BIUIMB Ha pe3yJibTaTd aHali3y BHUCOKOI Oy¢epHOi €MHOCTI
aHaJII30BaHUX 3pa3KiB (CUPOBATKHU ab0 TIa3MH KOPOBI).

He3Bakatoun Ha 3Ha4Hy KUJIBKICTh HAYKOBUX IyOuliKalliid, mpobiemMa cepifHOro BUIYCKY
0ioceHCOpIB U aHaNli3y KpeaTHHiHy Joci He po3B’sizana. Lle mow’s3anHo, mepmr 3a Bce, 3
HectabimpHIcTIO K/II Ta 1OporoBU3HOIO OiIBIIOCTI IEPETBOPIOBAYIB.

Otxe, aHam3 npoOieMyu BHU3HAUEHHS BMICTY KpeaTWHIHY Ta WOHIB aMOHIIO B CBITOBIH
JiTEpaTypi MOKa3ye Ha MOJANBITY aKTyallbHICTh MPOOJIeMH, OCOOIHMBO B TUIAHI OIMPAIOBAHHS
BUCOKO-CEJICKTUBHOTO HEJOPOTOro €H3WMATHYHOrO METOAY aHallidy I[bOoro aHamTy abo
KOHCTPYIOBaHHsI JIOCTYNHOTO OioceHcopa Ha ocHOBi craOinpHOi KJ/II, oTpumyBaHoi 13
BUCOKOIIPOAYKTUBHOTO MIKpOOHOTO peKoMOiHaHTHOro mpoayueHTa. Lli 3aBmaHHS € 0c001IMBO
aKTyaJbHI Uit YKpaiHu, Jie MPaKTUYHO HE BUTOTOBIISIIOTHCS BIIACHI aHAJIOTH.

The plasma (serum) content of creatinine, due to its simplicity and cheapness, is widely
used in routine medical practice to determine the rate of glomerular filtration - an integral
indicator of the excretory function of the kidneys. The normal content of creatinine in the blood
is in the frames of: for women about 44-97 uM and 62-115 uM for men. With the functioning
of only one kidney, this level increases to 159-168 uM. Elevated serum creatinine concentrations
(above 177 uM for children and 885 uM for adults) indicate severe renal insufficiency.
Hypercreatinemia can be associated with chronic or acute renal disease and renal toxicity,
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including medications (X-ray contrast agents, antibiotics-aminoglycosides, antibiotics-
cephalosporins, statins, etc.). Increased serum creatinine is also observed when consuming large
amounts of meat (unless, in addition, there is an increased urinary creatinine content). Creatinine
levels are also increased during dehydration, muscle damage. Decreased creatinine is observed
in poor meat consumption, vegetarian diets, fasting, and in the 1 and Il trimesters of pregnancy.
Creatinine is regarded as an important indicator of the physiological state of athletes [Banfi,
2010], and there is a need for simple, non-invasive methods of analysis of this metabolite in
biological fluids, including sweat.

Various chemical and physicochemical methods have been proposed to determine
creatinine content [Narayanan and Appleton, 1980; Marchenko et al., 2013], including the well-
known color Jaffa reaction with the formation of the Janowski complex with picrate anion [Jaffe,
1886], but the disadvantages of the latter method (as well as various modifications) are the low
specificity and sensitivity to positive and negative interference from related substances. The
proposed physicochemical methods require considerable time, long and complicated preparation
of samples, expensive reagents, highly qualified personnel, and, most importantly, do not allow
real-time analysis.

For enzymatic analysis of creatinine, conjugation of a creatinine deiminase reaction in
which ammonia is formed with a glutamate dehydrogenase reaction in which NADH oxidation
occurs, which is monitored spectrophotometrically at 340 nm, is proposed [Gottschalk et al.,
2005]:

creatinine deiminase

creatinine > N-methylhydantoin+NH,

NH_ + a-ketoglutarate + NADH/H glutamate dehydrogenase.  glutamate + NAD*

Another approach is based on the use of two enzymes - creatininase (CF 3.5.2.10) and
creatinase (CF 3.5.3.3). Creatininase is converted by creatinase to creatine, and creatine, by the
action of creatinase, to urea and sarcosine, which is determined colorimetrically (at 570 nm) or
fluorimetrically (Ex / Em = 538/587 nm), using two additional enzymes, carcosine oxidase and
peroxidase. On this principle, an enzymatic kit for the analysis of creatinine is manufactured by

SIGMA-ALDRICH [http://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/Bulletin/1/mak080bul.pdf] (catalog price - 342 Eur per 100 analyses) and
creatine [http://www.sigmaaldrich.com/content/dam/sigma-

aldrich/docs/Sigma/Bulletin/1/mak079bul.pdf] (360.5 Eur per 100 analyses). A similar kit for
creatinine is produced by BIOVISION [http://www.biovision.com/creatinine-colorimetric-
fluorometric-assay-Kkit-2919.html?0sCsid=h0e9c76dgpo08ojioa6j4fp9jl] (the catalog price is
285 $ per 100 analyses) also ABCAM
[http://www.abcam.com/ps/products/65/ab65340/documents/ab65340%20Creatinine%20Assay
%20kit%20protocol%20v9%20%28website%29.pdf] (priced at 385 Eur per 100 analyses).

Of great interest is the development of biosensors for the analysis of creatinine. The
literature describes various types of biosensors based mainly on the use of the CDI enzyme (as a
biocatalytic element), often in combination with other enzymes [Zakalskyi et al., 2019]. Various
types of devices are used to convert the signal - potentiometric, amperometric, conductometric,
impedimetric, and optical. The Ukrainian authors [Marchenko et al., 2013] described a laboratory
prototype of a potentiometric biosensor based on a pH-sensitive transistor, but its disadvantage
is the negative impact on the results of the analysis of high buffer capacity of the analyzed samples
(serum or plasma).

Despite the considerable number of scientific publications, the problem of serial production
of biosensors for creatinine analysis has not been solved yet. This is primarily due to the
instability of the CDI and the high cost of the most known transducers.

Therefore, the problem of analysis of creatinine and ammonium ions in the world literature
indicates the further actuality of the proposed research, especially in terms of working out a highly
selective low-cost enzymatic method of analysis of this analyte or designing an available
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biosensor based on stable microbial CDI. These tasks are especially relevant for Ukraine, where
relevant analogs are not produced yet.
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5. Gottschalk E-M., Gottschalk G., Delitz R-P., Holdt-Lehmann B., Thormann K., Schmitz-
Streit R. (2005). A new creatinine assay destined to become routine. Renal Disease. // www.cli-
online.com/fileadmin/artimg/a-new-creatinine-assay-destined-to-become-routine.pdf
6. Zakalskiy A., Stasyuk N., Gonchar M. Creatinine Deiminase: Characterization, Using in
Enzymatic Creatinine Assay, and Production of the Enzyme. Current Protein & Peptide Science.
2019, 20(5):465-470. DOI: 10.2174/1389203720666181114111731
7. Zakalskiy A., Stasyuk N., Zakalska O., Boretsky Y., Gonchar M. Overexpression and
one-step renaturation-purification of the tagged creatinine deiminase of Corynebacterium
glutamicum in Escherichia coli cells // Cell Biol. Intern. — 2020. - V. 44, No. 5. — P. 1204-1211.
https://doi.org/10.1002/cbin.11320

3. HoBu3Ha npoekty (0o 1 cmopinxu A4, 12pt) / Novelty of the project (up to 1 A4 size sheet,
12 pt)

AKTyalbHICTh TIJITAHOBAHUX JIOCJIIPKEHB OB’ s13aHa 3 TIOTPEOOI0 B pO3pOOIIi CEEKTUBHUX,
YyTJIMBUX 1 BOAHOYAC HEJAOPOTHUX METO/1IB aHAI3y MPaKTUYHO BXKIMBUX aHAJITIB — OloMapKepiB
HalOIIbII TOMMPEHUX 3aXBOpIoBaHb. ColiaTbHO-€KOHOMIYHA 3HAYMMICTh Pe3yJIbTATiB
MJIAHOBAHO1 pOOOTH TOJIATAE Y 1X MOTPeOl B KINHIYHINA JIarHOCTHUIII HUPKOBOI MUCHYHKINT, A5
OLIIHKHM TSKKOCTI 3aXBOPIOBaHHS, KOHTPOJIO Horo mepediry Ta JiKyBaHHS (y TOMY YHCIHI,
METOJIOM TeMOJIialli3y), a TAKOX y CIMIOPTUBHINA MeIUIHHI (OI[IHKA 3araJIbHOTO ()i310JI0TTYHOTO
CTaTyCy OpraHi3My CHOPTCMEHIB, OCOOJIMBO MPU PU3UKAX MOPYIICHHS TiAPOEIEKTPOJITHIHOTO
OanaHCy OpraHi3my).

JlaHu{i TIPOEKT CTAaBUTH 3a METY OINPAIIOBAHHS HOBUX Ol0AHANITUYHUX METOJIB IS
KUTbKICHOTO BU3HAYEHHS KPEAaTHHIHY — METa0O0ITy O1IKOBOTO OOMIHY, BXXJIMBOTO OioMapkepa
(YHKIIOHATBHOTO CTaHy HHUPOK. SIK aHANITUYHUN IHCTPyMEHT Oyjae BHKOPHCTaHO
pekoMOiHaHTHY (hopmy cTadimpHOI KpeatuHiHaeiMiHa3u (K/[I) MikpoOHOTO TOXOKEHHS — SIK Y
cKyiaai 010CEHCOPHOTO €JIEMEHTa, TaK B POJi 010KaTaJITUYHOTO KOMIIOHEHTa €H3UMAaTUYHOTO
aHAJIITUYHOrO Habopy.

Ha croromgni Ha puHKy HasiBHI JiodimizoBani npenaparu KJII MikpoOHOTO NOXOKEHHS
supoouuirrea Gipm Sigma-Aldrich, Fisher Scientific, Sorachim, Toyobo Enzymes 3 nuromoro
aktuBHIcTIO Bi 10 10 25 On./mr Ginka Ta uiHoro Big 285 momapiB CLHA mo 1985 €Bpo 3a 10 mr.
Boanouac, BaxJIMBOIO poOIeMOI0 BUKOPUCTaHHS KoMepuiiHuX npenapatiB K/II B anamitnaHnx
IUJISAX, OKPIM Ti TOPOTOBU3HHM, € 1 HEAOCTATHS crienu(igHICTh HOTo (hepMEeHTa 10 KpeaTHHIHY:
pi3Hi OakTepii Ta rpudM NpoayKYyIOTh (PEPMEHT, IKUH, KpIM KpeaTHHIHAeIMIHA3HO1 aKTUBHOCT 1,
BUSIBJIIE TOOIUHY LUTO3WHACIMIHA3HY aktuBHIicTh [WYyss & Kaddurah-Daouk, 2000]. Sk
pe3yNbTaT MEPIIOro €TaIy 3alllAHOBAaHUX JIOCII/DKEHB, TUIAHYEThCS OTPUMATH CEJIEKTUBHUM,
BUCOKO OYMILEHHH mpenapat pekomOiHanTHOI K/II 13 MITOMOIO aKTHUBHICTIO, 10 NEPEBUILUTH
OUTBIIICTh KOMEPIIHUX aHAJIOTIB. Y CHILIHICTh 3aIUIAHOBAHUX JIOCHIIKEHb 3yMOBJICHA TUM, 1110
pexombinanTaa KJII i3 koHCTpyiioBaHOTO Hamu padimie mpoayienta Escherichia coli, mo nece
HajekcnpecoBanuii reH COJA Corynebacterium glutamicum PCM 1945 rtaroana (His)s-
¢parmentom [Zakalskyi et al., 2020]. Moaudikamis depmenra (HiS)e-Tarom crporiye
npoleaypy ioro eheKTUBHOrO BUIiIeHHs Ta 04iCTKH Ha Ni-ahiHHOMY cOpOeHTi.



http://www.cli-online.com/fileadmin/artimg/a-new-creatinine-assay-destined-to-become-routine.pdf
http://www.cli-online.com/fileadmin/artimg/a-new-creatinine-assay-destined-to-become-routine.pdf
https://doi.org/10.2174/1389203720666181114111731
https://doi.org/10.1002/cbin.11320

7

3a BukopucranHs pekomOiHaHTHOT K/II Ta celeKTUBHMX peareHTiB Ha 10HU aMOHio, Oy/e
CTBOPEHO CH3UMATUYHUN HaO1p /U1 BU3HAUCHHS KPEaTHHIHY B O10JI0TTUHUX PIAMHAX JIFOIUHH 13
CIIEKTPO(POTOMETPUIHOIO Ta/a00 (ITYyOPUMETPUIHOIO IETEKINEI0 MPOIYKTY PeaKiii. 3a paxyHOK
BUKOPUCTAHHS JEIIEBOTr0 JuKepesia (epMEeHTa Ta HEJAOPOTHX pEeareHTiB, 3alporOHOBAHUN
eH3UMaTHYHUI Habip Oyne B IeKiJbKa pa3iB JEHICBIINI BiIOMUX KOMEPIIHHUX aHAJIOTIB.

CrBopeHuii Ha OcHOBI pekoMOiHaHTHOI KJII Ta XeMOCECIEKTHMBHUX JI0 10HIB aMOHIIO
HaHOKOMIIO3UTHUX MeMOpPaH aMIIepOMETPUYHHI 610CEHCOP CIPOCTUTH Ta MPUILIBUILINTH aHAI 3
eraTI/IHiHy B 3pa3kax pl,[[I/IH JJFTOAUHU. Takox Hepel[6a‘-la€TBCSI, 1o 3a Moro BUKOPUCTAHHSA, Y
MOJTANTBIIIOMY, CTaHE MOXKJIMBUM aHAJi3 BiIOBITHOTO aHAJITY B pealbHOMY Yaci (on-line) s
KOHTPOJIIO €pEeKTUBHOCTI Nepediry mpouecy reMoiamtisy.

The actuality of the planned research is related to the need to develop selective, sensitive,
nonexpensive methods of analysis of practically important analytes, the biomarkers of the most
common diseases. The social-economic significance of the planned work results is their need for
clinical diagnosis of renal dysfunction, for the assessment of the severity of the disease, control
of its course and treatment (including by the method of hemodialysis), as well as in sports
medicine (assessment of the general physiological status of the body of athletes, especially at
risks of disturbance of the hydro-electrolytic balance of an organism).

This project aims to develop new bioanalytical methods for the quantitative determination
of creatinine, a metabolite of protein metabolism, an important biomarker of the functional state
of the kidneys. The recombinant form of stable creatinine deiminase (CDI) from microbial
sources will be used as an analytical tool, both as a biocatalytic component of the enzymatic
analytical kit and a biorecognition element of the biosensor.

At present, it is available lyophilized microbial CDI preparations manufactured by Sigma-
Aldrich, Fisher Scientific, Sorachim, Toyobo Enzymes, with a specific activity of 10 to 25 U/mg
protein, are priced from $ 285 to 1985 Euro for 10 mg. However, an important problem with the
use of commercial CDI preparations for analytical purposes, in addition to its high cost, is the
lack of specificity of this enzyme for creatinine: various bacteria and fungi produce an enzyme
that, in addition to creatinine deiminase activity, detects cytosine deiminase [Wyss & Kaddurah-
Daouk, 2000]. As a result of the first phase of the proposed studies, it is planned to obtain a
selective, highly purified preparation of recombinant CDI with a specific activity that will exceed
most commercial analogs. The success of the planned studies is due to the fact that recombinant
CDI from the previously produced Escherichia coli producer carrying the overexpressed codA
gene Corynebacterium glutamicum PCM 1945 was tagged with (His)s-fragment [Zakalskyi et al.,
2020]. The modification of the enzyme by Hise-tag fragment simplifies the procedure for its
efficient isolation and purification on Ni-affinity sorbent.

On the base of the recombinant CDI and selective reagents for ammonium ions, an
enzymatic kit will be created to creatinine analysis in human biological fluids with
spectrophotometric and/or fluorimetric detection of the reaction product. The proposed enzy matic
kit will be several times cheaper than known commercial analogs due to the use of a cheap source
of enzyme and inexpensive reagents.

Created on the base of recombinant CDI and chemoselective to ammonium nanocomposite
membranes, the amperometric biosensor will simplify and accelerate the analysis of creatinine in
human fluid samples. It is also envisaged that its use will, in the future, enable the analysis of the
relevant analyte in real-time (on-line) to control the effectiveness of the course of the
hemodialysis process.

Jlireparypa/References:
1. Wyss M., Kaddurah-Daouk R. Creatine and Creatinine Metabolism // Physiological
Reviews. — 2000. - V. 80, No. 3. — P. 1107-1214.
2. Zakalskiy A., Stasyuk N., Zakalska O., Boretsky Y., Gonchar M. Overexpression and
one-step renaturation-purification of the tagged creatinine deiminase of Corynebacterium
glutamicum in Escherichia coli cells // Cell Biol. Intern. — 2020. - V. 44, No. 5. — P. 1204-1211.
https://doi.org/10.1002/cbin.11320
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4. QuikyBaHi HacJiIKH BiJl pe3y/JbTaTiB NPOEKTY, BKJIIOYAKYH MPOI0BKEHHS CHiBNpaui B
IHIIKX MPOEKTAX MisKHAPOIHOIO CHiBPOGITHHITBA (00 I cmopinku A4, 12pt) /

Expected impacts of project results, including continuation of cooperation in other
international cooperation projects (up to 1 A4 size sheet, 12pt)

[oexnyroun pi3Hi ramxysi NPUPOTHUYMX HAyK (MikpoOioJorito, 610XiMit0, €H3UMOJIOTIIO,
AQHAJIITUYHY O10TEXHOJIOTII0, HAHOTEXHOJIOTII0 Ta EJeKTPOXIMII0) Halmll PO3pOoOKH B MexKax
MPOEKTY MAaTUMYyTh BaxJMBe (yHAAMEHTAJIbHE 1 MPaKTUYHE 3HAYCHHS Ta 1HHOBaLiWHUN
Xapakrep. 3aIy4eHHs 10 IPOBEJACHHS JOCHIKEHb MOJIOJAUX YYCHUX CTAHOBUTHUME BaKIIMBHIMA
COLI1aJIbHO-BUXOBHUN €(EKT, CTBOPIOIOYM CIPUATINBI YMOBH JUIsl HAOYTTSI HUMU BaXKJIMBOI'O
HAYKOBOT'O JJOCBIy Ta BIJIKpUBAIOYM MEPCHEKTHBH MOJANBIIOr0 Kap’epHoro pocty. Onepxani
HAyKOBI pe3ynbTaTH Oyne BHUCBITIEHO Yy CHUIBHUX HAyKOBUX ITyOJNiKalisx 1 BUCTyHmax Ha
MDKHapOJHUX KOH(EPEHLIAX, a TaKoK OyJe BUKOPUCTAHO JUIsl MIATOTOBKHU Ta MOadl HOBUX
MDKHApOJIHUX Ta BITYM3HAHUX MpoekTiB. HaifOinpm iHHOBawiiiHI pe3yabTaTH OyayTh
BUKOPHUCTaHI JUIsl TOJaHHS 3asSBOK Ha mateHT. OTke, MH MOXEMO 3pOOUTH OYIKYBaTH, IO
HayKOBHH, TEXHIYHUM, EKOHOMIYHUN Ta COIMIaJbHO-€KOHOMIYHHI €(EKTH BiJ JAHOTO MPOEKTY
OyayTh 3HAUHUMH.

Hamri 3100y Tk MOXKYTbh OyTH B KiHIIEBOMY PaxyHKY BaXJIMBUMHU ISl yHAaMEHTAIbHUX 1
NPUKIAAHUX MPUPOAHMUYNX HayK. OuiKyBaHUH pe3yJbTaT MPOEKTY Oye BUXOIUTH 3a pPaMKHU
ICHYIOYOT0 PiBHS TEXHIKH, 1 HACHIIKK BUKOHAHHS IPOEKTY OyayTh iIHHOBALIHHUMHU.

Combining the various fields of natural sciences (microbiology, biochemistry, enzymology,
analytical biotechnology, nanotechnology, and electrochemistry), our developments within the
project will be of fundamental and practical importance and is highly innovative. Engaging in the
research for young scientists and students will be an important social and educational effect,
creating favorable conditions for them to gain important scientific experience and opening up
prospects for further career development. The obtained scientific results will be elucidated in joint
scientific publications and speeches at international conferences, and will also be used for the
preparation and submission of new international and domestic scientific projects. The most
innovative results will be used for patent applications. Therefore, we can expect that the scientific,
technical, economic, and social-economic effects of this project will be significant.

Our findings might be eventually important for fundamental and applied natural sciences.
The expected outcome of the project goes beyond the existing state of the art and the project is
expected to generate innovative results.

5. Ilnan podoru (podoui eranu) (aaii — IIP) (0o 1 cmopinku A4, ons kooxcnozo IIP, 12pt) /
Work plan (work packages) (hereafter - WP) (up to 1 A4 size sheet, 12 pt, for each WP)

ITP Ne / WP No.:

Hazsa ITP / WP title:

i TTP / WP objectives:

3amnanoBani 3aBaanHs [1P ta ix posmoin cepen mapruepis mpoexty/ WP planned tasks and their
distribution among the Project Partners:

Name WP, describe what will be carried out to achieve the overall objective of the project.
Describe the objective of the WP and list the tasks in a logical order, indicating the Partner (s)
that will implement the WP task. Specify in a logical sequence all the WPs and the tasks to be
undertaken.

No 1. IlpenapaTuBHe BUAIJIEHHSI TAa OYHMIEHHS PeKOMOIHAHTHOI KpeaTuHiHAeiminasu (KI)
3 KJIITHH MiKPpOOHOT0 HAANPOAYLEeHTa (pepMeHTA.

Jns  BumiienHs W omHoertamHoi  ounctkd  (HiS)e—TeroBanoi  pekoMOiHaHTHOI
kpearuraeiminaszu (KJII) Oyae BUKOpUCTaHO OpUTiHAIBHI MiAX0au pedOoIAuHTY OlKa 13 TUIeIh
BKJIIOUYCHHS KJIITHH peKOoMOiHaHTHUX OakTepiii E. coli Ta meran-adinHy xpomaTtorpadito.

Knituan pexomOinantHoro mramy E. coli BL21 (DE3)/pET32a-codA, mio MicTsTh
wiasmigy 3 kiaoHoBanuM (HiS)e-reroBanmm rerom codA, mo koxaye KJII Corynebacterium
glutamicum, BupOIIYIOTH Yy CeJeKTUBHOMY cepemoBuini LB 3 ammimmmaom. s immgykmii
excrpecii K/l y cepenoBuiie BHOCSTH 130mporrina -D-1-tioranakronipanosug (IIITT) 1 knituam
1HKYOYI0Th 3 TOJ JIJIsl TOCSTHEHHS HAMBHUIIIOTO PiBHS eKcmpecii hepMeHTy 3a mpoTokosoM PET
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System Manual (Novagen). PexomOinanTHuii Gij0K HarpoMaKyeTbcsi B KiaiTuHax E.coli sk
«TUMbLS BKIIOYEHHs». OTpUMaHHS Ta PO3YMHEHHS «TUICLb BKIIFOYEHHS» 3IIHCHIOIOTH 3a
npotokosiom Protein Refolding Kit (Novagen), aemo moaudikoBanuMm Hamu. [HIyKOBaHI
KIIITHHH CTIEPITy OOpOOJISIFOTH JII30IIMMOM, a 3T0JI0M - YJIBTPa3BYKOM Ha JIbOAY JO MOBHOTO
J3UCY KIITUH 13 TOJANBIIUM 3HAYHUM 3HIDKCHHSIM B'SI3KOCTI po34HHY. « Tl BKIIOUSHHSD
BHJIUISIFOTH 13 KJIITHHHOTO JIi3aTy BUCOKOIIBUAKICHUM IIEHTPHU(PYTYBaHHSIM.

[Ticns po3unHEeHHsS «Tinenps BKIOYeHHs» y mpucytHocTi 0,3% N-nmaypoincapko3uny
(hepmeHT OyJe peHATYpPOBaHHMH Ta OYMINCHHUH OJHOCTAITHOKI MPOIEAYPOIO 3 BUKOPUCTAHHSIM
metan-adinaoi xpomarorpadii Ha Ni-NTA Superflow (Qiagen). Buxin (His)e-rerosanoi KJII
cranoButuMme He MeHIe 30 mr 3 1 1 kyneTypu. OuniieHuii GepMeHT € T0CTaTHbO CTAOUTBHUM 1
Bostofie aktuBHICTIO 10-20 O/I./ mr. ITix yac TpuBasoro 36epiranss mnpu -20 °C y Oydepi, mo
mictuth 20% Tiinepoiry, pepmeHT BTpadae guiie 30% CBO€ET aKTUBHOCT1 BIPOJIOBXK 4 MICHIIIB.
Jlnst 3a6e3nedenns cradinmpHocTi KJII mi ac miodinizamii, Oyne BHKOPHUCTOBYBATHCH Tperayio3a
K HalOumem edekTUBHUN crabimi3yrounii areHt. lle 3abe3meunTh 30epeKeHHS aKTUBHOCTI
dbepmenry Ha 40% ynpoaosxk 120 gHiB 30epiraHHs BUcyieHoro nopouky mpu 4 °C.

Ykpaincoka komanoa sionosioanvna 3a ye 3a60anuA.

Isolation and purification of creatinine deiminase (CDI) from the cells of recombinant
microbial strain that overproduces the enzyme

For the isolation and one-step renaturation-purification of (His)s-tagged recombinant
creatine deiminase (CDI), original approaches of protein refolding from the recombinant E. coli
cells and metal-affinity chromatography will be used. The cells of E. coli recombinant strain
BL21(DE3)/pET32a-codA carrying the plasmid harbored (His)s-tagged codA gene encoding CDI
of Corynebacterium glutamicum will be grown in selective LB medium containing ampicillin.
To induce the expression of CDI, the cells will be incubated in LB medium with antibiotic
containing the isopropyl B-D-1-thiogalactopyranoside (IPTG) following the protocol of the pET
System Manual (Novagen). The highest expression level of enzyme is achieved after 3 h of
induction. The recombinant protein is accumulated in E. coli cells as inclusion bodies.

Preparation and solubilization of inclusion bodies will be carried out according to the
protocol of the Protein Refolding Kit (Novagen) with several modifications. The induced cells
will be treated with lysozyme and sonicated on ice until complete cellular lysis followed by
substantial decrease of the solution viscosity. The inclusion bodies will be isolated from the crude
cell lysate by high speed centrifugation.

After solubilization of inclusion bodies in the presence of 0.3% N-lauroylsarcosine, the
enzyme will be renaturated and purified by a single-step procedure using metal-affinity
chromatography on Ni-NTA Superflow beads (Qiagen). The yield of the (His)e-tagged CDI is
approximately 30 mg from 1 L culture. The purified enzyme is sufficiently stable under
conditions designed and possesses activity of 10-20 U/mg. During prolonged storage at -20 °C
in the buffer, containing 20% glycerol, the enzyme loses only 30% of its activity within 4 months.
Trehalose will be used as the most effective stabilizing agent during CDI lyophilization. It
ensured maintainance of the enzyme’s activity at 40% during 120 days of storage of the dried
powder at 4 °C.

The Ukrainian team is responsible for this task.

Ne 2. Po3po0ka eH3MMATHYHOIO0 METOAY aHANI3y KpearuHiHy 3a BuxkopuctanHs KJI i3
crneKTpodoToMeTPUYHOIO Ta GIYOPUMETPUYHOIO IeTEKII€I0 KiHI[€BOT0 MPOAYKTY

Byne cTBopeHO eH3MMAaTUYHUI METO]] aHali3y KpeaTuHiHYy 13 CHIeKTPOPOTOMETPUYHOIO Ta
(bIyopuMeTpUYHOIO  JAETEKIlier0  MNpoAykTy  peakmii.  TecTyBaHHS — peKOMOIHAHTHOI
KpEeaTHHIHACIMIHA3H y POJI POJIl KPEaTHHIH-CEJICKTUBHOTO KaTaITHYHOTO €JICMEHTAa y CKIIadl
71a060paTOPHOTrO MPOTOTHUILY EH3UMATUYHOTO METOAy OyJie MmpoBeneHo. B akocTi xpomorena ass
CHEKTPOPOTOMETPUYHOTO Ta (PIIyOPUMETPUYHOTO BU3HAYCHHS KPEATHHIHY OyJie BUKOPUCTAHO
opTo-(pTaneBuil ajabAEri]] B MPUCYTHOCTI HATpii cyabdiTy. OCHOBHI aHAIITUYHI XapaKTEPUCTUKH
MeTOAy (JIIHIMHICTB, MeXKa BU3HAUCHHS Ta MeXa BUSUICHHS ) OyAYTh docniodiceni. YKpaincoka ma
uecbKa KOMAHOa 8i0N08IiOAIbHI 34 Ue 3A80AHHA.
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Development of CDI-based enzymatic method for the analysis of creatinine by means
of spectrophotometric and fluorimetric detection of the final product

An enzymatic method for the creatinine analysis by means of spectrophotometric and
fluorimetric detection of the reaction product will be developed. The testing of recombinant
creatinine deiminase as a creatinine-selective catalytic element of the laboratory prototype of the
enzymatic method will be carried out. An orthophthalic aldehyde in the presence of sodium sulfite
will be used as a chromogen for spectrophotometric and fluorimetric determination of creatinine.
The main analytical characteristics of the method (linearity, the limit of determination, and limit
of detection) will be investigated. Both Ukrainian and Czech teams are responsible for this task.

Neo 3. CKpuHIHT Ta CMHTEe3 HOBMX X€eMOCEHCOPHHMX MaTepialiB, YyTJIUBHX J10 iOHIB AMOHII0

Byne 3amporoHOBaHO HOBI MiJXOMH JO XIMIYHOTO Ta EJIEKTPOXIMIYHOTO CHHTE3Y 1
(G yHKIiOHAMI3aMIT MoIiMEpHUX Ta MeTaneBux HaHodacTuHOK (HY) ta Hanocrepskuis (HP). Byne
CHHTE30BaHO TOJIMEpHI HAHOIUIIBKM HAa OCHOBI MOJIMipOoNy, MOJiaHiIiHy Ta mofiTiodeHy.
OtrpumaHi HaHOMarepianu OyJe BHUKOPHUCTAHO I CTBOPEHHS TIOPUIHUX MeTal-BMICHHX
(ZnS(Hg)/Cu, Ni/rpaden, TiOz) nHanokommosuriB. byme cuHTE30BaHO TakoK Onm3pko 20
BapiaHTIB MOHO- Ta OimeTaneBux riOpumaux HY, 1o ckiamy sSIKUX BXOAUTUMYTH 2-3 Pi3HHX
OmaropogHux abo mepexigHuxX MeTtanmiB. byne moka3zaHo, 1o HaWOUIBII  edEeKTHUBHI
enekrpoaktuBHi HU Ta HP MoxyTh OyTu He nuIie meaiaTopaMu €JIEKTPOHHOTO TIEPEHECEHHS,
aje TaKoXX 1 XeMOCCHCOPHUMHU MEMOpaHaMH, CEJIEKTHBHUMH J0 aMmoHii0. DopMmyBaHHSA HHUX
KOMITO3UTIB OyJe MIATBEPIKEHO METOAAMM CKaHyK4oi eleKTpoHHOi Mikpockorii (CEM),
aTOMHO-CHJI0BOi Mikpockorii (ACM), eneprernuno aucrepciiinoi penrreniBcskoi (EJIPC) Ta
ATOMHO-EMICIHHOI CMEKTPOCKOIIii, a TaKOX EJICKTPOXIMIYHUMH METOJaMU 32 BUKOPHCTAHHSIM
MMOTEHIIIOCTaTa/TallbBAHOCTaTa. YKpaiHcbKa ma uecbKa KOMAHOA 6iON0GIOAIbHI 3a ue
3A60aHHA.

Screening and synthesis of new chemosensory materials sensitive to ammonium ions

The new approaches to the chemical and electrochemical synthesis and functionalization
of polymer and metal nanoparticles (NPs) and nanorods (HPs) will be proposed. Polymeric
nanolayers based on polypyrrole, polyaniline, and polythiophene will be synthesized. The
obtained nanomaterials will be used to create hybrid metal-containing (ZnS (Hg) / Cu,
Ni/graphene, TiO2) nanocomposites. More than 20 variants of mono- and bimetallic hybrid NPs
will be synthesized. They will include 2-3 different precious or transition metals. It will be shown
that the most effective electroactive NPs and HPs can be not only electron transfer mediators but
also chemosensory membranes selective for ammonium. The formation of these composites will
be confirmed by scanning electron microscopy (SEM), atomic force microscopy (AFM), energy
dispersive x-ray (EDX) and atomic emission spectroscopy, as well as electrochemical methods
using potentiostats. Both Ukrainian and Czech teams are responsible for this task.

Ne 4. CTBOpeHHSI Ta XapaKTePHUCTHKA HOBOr0 aMIIEPOMETPUYHOro OioceHcopa /s
BHU3HAYEHHSI BMIiCTy KpeaTHMHiHY HAa OCHOBi BHKoOpHcTaHHA pexkoMOiHaHTHOI KJ/II Ta
XeMOCEHCOPHOI MeMOpaHu, YyTJIHBOI 10 i0HIB aMOHiI0

Jlns omparroBaHHS aMITIEPOMETPUYHOTO O10CEHCOPHOTO METOAY BH3HAYCHHS BMICTY
KpeaTHHiHy B O10JOTIYHMX piauHax Oyne BUKopucTaHo pexkomOiHanTHy KJII Ta BimiOpany
XEMOCEHCOPHY MeMOpaHy, 4yTJUBY A0 10HIB aMOHIi0. B sikocTi pobouunx, Oyae mpoTecTOBaHO
HH3KY €JICKTPOIB PI3HOTO TUITY Ta PO3MIpY IMOBEPXHI (IIAHAPHI Ta TOPIIEBI; HA OCHOBI KApOOHY
Yy OJIAarOPOJHUX METATiB) Ta BIAIOpaHO ONTHMAlbHHA THI TPAaHCIYKTOpa. 3a JIOMOMOTOIO
LIUKJIIYHOT  BOJNBTAMIIEPOMETPIi Ta  XpoHOammepoMeTpii OyAe  JOCTIKEHO OCHOBHI
XapaKTePUCTUKA  CKOHCTPYWOBAaHWUX  aMOHIM-UYTIIMBMX  XEMOCJICKTPOMIB  (ONTUMAILHUN
poOOUMiA TOTEHINA IS ICTEKIIT 10HIB aMOHI0, Yy TIMBICTh, MEKI JIHIHHOCTI Ta iH.). 3 METOIO
3a0e3nedeHHs 301IbIICHHS JJOKaIbHOI KOHIIeHTpallii kpeatuHinaeiminazu (K/I) Ta miaBuieHHs
HOro cTablIbHOCT1 y MPUEIEKTPOIHOMY IIapi Oy/ie MpoBeAeHA ONTUMI3aIlisl YMOB IMMOO1Ti3aIii
(hepMeHTa Ha MMOBEPXHI XEMOCEHCOPHHUX eJeKTpo1iB. OnTuMizailis Oyje 3/1iHCHIOBAaTHUCH Y IBOX
OCHOBHHUX HAIpsIMKaX: MOIIYK MAaTpPHIlb, ONTUMAJIbHUX Ui iMMOOiTi3alii depMeHTa Ta BUOOPY
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MeTOIB iIMMOOii3arii 1 ctabimizamii dpepmentiB (aacopOiii, GizuuHoi dikcarrii, KOBaJICHTHOTO
3IIUBAHH).

Ha ocHOBI ONTHMI30BaHUX XEMOEJEKTPOAIB Ta ONTHUMI30BaHOI O0l0pO3Mi3HAI0YOT
MeMOpaHu OyJie CTBOPEHO JIabOpaTOpHiI MPOTOTHUIT BIAMOBIIHOTO Oi0CEHCOpa Ta BUBUEHO HOTO
OCHOBHI 0loaHamiTH4HI XapakTepucTuku (adiHHICTH [0 cyOcTpary, Meka BHUSBICHHS,
YYTIUBICTE, JIIHIHHICTD, CEJICKTUBHICTh, CTA0LIBHICT, BIATBOPIOBAHICTH Ta iH.). YKpaincoka ma
uecbKa KOMAaHOa 6iOn0BiOAIbHI 3a Ue 3a80AHHA.

Construction and characterization of a new amperometric biosensor for the
determination of creatinine, based on the use of recombinant CDI and selected
chemosensory membrane sensitive to ammonium ions

To study the amperometric biosensor method for the determination of creatinine content in
biological fluids, recombinant CDI and a selected chemosensory membrane sensitive to
ammonium ions will be used. A number of electrodes of various types and surface sizes (planar
and face; based on carbon or precious metals) will be tested as working electrodes and the optimal
type of transducer will be selected. Cyclic voltammetry and chronoamperometry will used to
investigate the main electrochemical characteristics of the engineered ammonium-sensitive
chemoelectrodes (optimal working potential for detection of ammonium ions, sensitivity,
linearity limits, etc.). In order to increase the local concentration of creatinine deiminase (CDI)
and improve its stability in the pre-electrode layer, the conditions of enzyme immobilization on
the surface of chemosensory electrodes will be optimized. Optimization will be carried out in two
main areas: search for matrices that are optimal for immobilization of the enzyme and the choice
of methods for immobilization and stabilization of enzymes (adsorption, physical fixation,
covalent cross-linking, etc).

On the basis of the optimized chemoelectrodes and optimized biorecognition membrane, a
laboratory prototype of the corresponding biosensor will be constructed and its main bioanalytical
characteristics (affinity to the substrate, the limit of detection, sensitivity, linearity, selectivity,
stability, etc.) will be investigated. Both Ukrainian and Czech teams are responsible for this
task.

Ne 5. TecTtyBaHHSI CTBOPEHMX EH3MMATHYHOrO Ta O0iOCEHCOPHOrO MeTOAIB aHATi3y
KPEATHHIHY Ha peaJbHUX KJIIHIYHUX 3pa3Kax 0i0J10riYHMX PiUH JIOJAUHU

Po3pobnennii en3uMatuyHuii HaOip Ta 1abOpaTOPHUI MPOTOTHI aAMEPOMETPUYHOTO
OioceHcopa OyayTh TECTOBaHI HA MOJICIPHUX Ta KJIHIYHUX 3pa3kax 010J0TTYHUX PIJIMH 3J0POBUX
JIOHOPIB Ta MAIli€HTIB 13 PI3HUMH HE(PPOIOTTYHMMHU 3aXBOPIOBAHHIMH, 30KpeMa. MieJIOHEeDPUT,
roMepyinoHepuT, MyXJTUHH HUPOK, TYOEpKYyIhO3 Ta TOMiKicTO3 HUpOK. llicisonepariiine
JOCTI/DKEHHST PIBHS CHUPOBAaTKOBOTO KpeaTHHIHy OyJe TNpOBEAEHO Y NAaIl€HTIB Micis
TpaHCHJ'IaHTaHﬁ HHUPKHU. By,HC BHBYEHO TaKOXX MOXKIIMBICTH BUKOPUCTAHHS CTBOPCHUX
010aHANITUYHUX METOJIIB JJIsl HEIHBA31MHOTO aHalli3y KPEeaTHHIHY B MOTi, CJIMHI Ta CEYl JIFOUHU.
byne crBopeHo mpoOHMII OloaHATITUYHUM €H3MMATHYHUM HAOIp JUIS aHal3y KpeaTHHIHY Ta
ONITUMI30BAHO CKJIaJl HA0OpYy. YKpaincbka Komanoa 8ionogioaivHa 3a ue 3a860AHHA.

Testing the created enzymatic and biosensor methods for analysis of creatinine on the
real clinical samples of human biological fluids

The developed enzymatic kit and laboratory prototype of ammetric biosensor will be tested
on the model and clinical samples of biological fluids of healthy donors and patients with various
nephrological diseases, in particular: pyelonephritis, glomerulonephritis, kidney tumors,
tuberculosis, and polycystic tuberculosis. Post-operative study of serum creatinine levels will be
performed in patients after kidney transplantation. The possibility of using the created
bioanalytical methods for the non-invasive analysis of creatinine in sweat, saliva, and urine will
also be investigated. A pilot bioanalytical enzymatic kit for creatinine analysis will be created
and its composition will be optimized. The Ukrainian team is responsible for this task.
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6. I'padix BukoHanHs npoekry / Project implementation time schedule

BigmnosinansHuit
Bignosigne 3aBmanas I[P (mae 3a
oymu  idenmuunum  nymepayii =~ BUPOBAUKCHHA . R
saedans  IIP, sasuavenux v (6iomimumu I'padik peamizaiii mpoekty (kBapraiu) /

nynkmi 5) | Corresponding WP xpecmuxom) | Project implementation schedule (quarters)

task (must be identical to the Responsible for
numbering of the WP tasks IMPlementation
specified in point 5) (cross mark)

UA = CZ
Pix 1/ Year 1 Pix 2/ Year 2

1. (2. [3. [4 [1. [2. [3. Ja
1.IIP / WP X - R
2 TIP / WP X X o
3.1IP / WP X X 1
4.TIP / WP X X I
5.1TP / WP X - ]

7. Posin/Excnepru3za naptHepis / Role/Expertise of the partners

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

Describe briefly the role and expertise of the team. Specify the key team members (hame, surname,
degree) and the total number of team members. Explain the ability of the partners to complement
each other. Provide information on available infrastructure and hardware required to carry out
the activities planned in the project. Indicate the planned involvement of young scientists (scientist
under 35 years) in the project (if applicable).

Vkpaincekuit naptHep (YII) npenacraBieHMit KOJEKTUBOM 3 BOCBMHM HAyKOBLIB —
npodecioHa iB BUCOKOTO pIiBHS B PI3HHX 001acTsX, 30Kpema MikpoOioJorii, €H3UMOJIOrii,
HAHOTEXHOJIOT1i, G10TEXHOJIOT1i, aHAMITUYHOI XiMii Ta enekTpoxiMmii. JI0 BUKOHaHHSI OKPEMHUX
€TamiB MPOEKTY TAKOXK OyayTh 3a]Iy4eHl MOJIO/I HAYKOBIIi Ta MaricTpHu.

VII mae yce HeoOXximHe oOMagHaHHS JUIS TPOBEJCHHS 3allJIAHOBAHUX JIOCHI/IKEHb:
MaTepiajibHe 1 amapaTHe 3a0e3nedyeHHs s KYyJbTHBYBAHHS KIITUH MIKPOOPraHi3MiB
(KynpTypasibHi CepelloBHIA, CTepUJIbHI OOKCH, aBTOKJIAaBH, TEPMOCTATH, TEPMOCTATOBAaHI
cTpyiyBadi, nesinrerpatopu, neHrpudyru «Sorvally, «Eppendorf», modinizarop «Christ alpha
1-2 LDplus»); ans BUANEHHS, OYMLICHHS (DEPMEHTIB 1 JOCHIKEHHS 1X (I3UKO-XIMIYHUX 1
KIHETHYHUX XapaKTePHUCTHK (XpomarorpadiuyHi KOJIOHKH, COPOCHTH, IPHUJIAJIN JIJIs1 BEPTUKAJIBHOTO
enekrpodopesy OinkiB VE-2M  «XenikoH», NEPUCTAIBTHYHI MOMITH, KOJEKTOpU (pakxiii,
XOJIOAMJIBHUKH ); TSI PO3POOKH €H3MMaTHuIHOTO Habopy (criekrpodoromerpu «SHIMADZU UV-
1650», dayopumerp «Quantech filter»); mmast cuHTe3y Ta XapaKTEpUCTHKH MIiKpO- Ta
HAHOYACTHHOK (aTOMHO-cuiioBui Mikpockorn «Solver P47-PRO (NT-MDT)», ckanyrouuii
enekTpoHHU# Mikpockon «SEM-microanalyser REMMA-102-02» TpaHCMICiiiHHIA eICKTPOHHHIA
mikpockon «PEM-100», diyopecuentauii Mikpockon «AXio Lab. Aly», onTu4Hi MiKpOCKOITH);
JUTSL TIPOBEJICHHS €JICKTPOXIMIYHUX JOCTIPKEHb (KOMEpIiiHI TIaHaAPHI Ta TOPIEBI €IEKTPOIHU 3
PI3HOIO MPUPOJOI0 POOOUOi MOBEPXHI Ta PI3HOI BEJIMYUHOKO IUJIOLI IMOBEPXHI, €JIEKTPOXIMIUHI
koMipku, morenuioctatu «CHI 1200A» ta «PGstat16»).

Ukrainian partner (UA) is represented by a team of eight scientists - high-level professionals
in various fields, including microbiology, enzymology, nanotechnology, biotechnology, analytical
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chemistry and electrochemistry. Young scientists and masters will also be involved in the
implementation of different project tasks.

UA has the material and hardware support for the planned researches: for cultivation of the
microbial cells (culture media, sterile boxes, autoclaves, thermostats, thermostatic shakers,
disintegrators, centrifuges "Sorvall", "Eppendorf”, lyophilizer "Christ alpha 1-2 LDplus"; the
equipment for isolation, purification of enzymes and study of their physico-chemical and kinetic
characteristics (chromatographic columns, chromatographic carriers, apparatus for vertical
electrophoresis of proteins VE-2M Helicon, peristaltic pumps, fraction collectors, refrigerators);
for development of analytical kit (spectrophotometers "SHIMADZU UV-1650", fluorimeter
"Quantech filter"); equipment for synthesis and characterization of micro- and nanoparticles
(atomic force microscope "Solver P47-PRO (NT-MDT)", scanning electron microscope "SEM-
microanalyser REMMA-102-02", transmission electron microscope "REM-100", fluorescence
microscope "Axio Lab. Al ", optical microscopes); apparatus for conducting electrochemical
studies (commercial electrodes of different configuration and different surface area values,
electrochemical cells, potentiostats "CHI 1200A" and "PGstat16").

OcHoBHI my0JtiKallii HayKOBIIB, K1 O€pyTh y4acTh y MPOEKTI 100 TEMU MPOEKTY (5 nyonikayiii)
/ Major publications of the researchers involved in the project on the subject of the project (specify
5 publications):

1. Stasiuk N., Gaida G, Zakalskiy A., Zakalska O., Fayura L., Vovk O., Stasyk O, Sybirny A.,
Honchar M. Recombinant Forms of Arginase and Arginine Deiminase as Catalytic
Components of «Argitest» Enzymatic Kit for L-arginine Analysis. Sci. innov. 2017,
13(4):56-63 DOI:10.15407/scine13.04.056

2. Smutok O., Karkovska M., Serkiz Y. et al. Development of a new mediatorless biosensor
based on flavocytochrome b, immobilized onto gold nanolayer for non-invasive L-lactate
analysis of human liquids. Sensor & Actuators B. 2017, 250:469-475 (IF = 5.67)
DOI:10.1016/j.snb.2017.04.192;

3. Zakalskiy A., Stasyuk N., Gonchar M. Creatinine Deiminase: Characterization, Using in
Enzymatic Creatinine Assay, and Production of the Enzyme. Current Protein & Peptide
Science. 2019, 20(5):465-470 (IF = 2.696). DOI: 10.2174/1389203720666181114111731;

4. 0. Demkiv, N. Stasyuk, A. Zakalskiy, O. Zakalska, T. Prokopiv, Y. Boretsky, M. Gonchar.
Screening mold strains for an ability to synthesize creatinine deiminase. Visnyk of the Lviv
University. Series Biology. 2019, 81:122-129. DOI:10.30970/vlubs.2019.81.13;

5. Zakalskiy A., Stasyuk N., Zakalska O., Boretsky Y., Gonchar M. Overexpression and one-
step renaturation-purification of the tagged creatinine deiminase of Corynebacterium
glutamicum in Escherichia coli cells. Cell Biol. Intern. 2020 (IF = 2.13)
DOI:10.1002/chin.11320.

Yecwkuii mapthep (0o 1,5 cmopinku A4, 12pt) [ Czech partner (up to 1,5 A4 size sheet, 12 pt):
Describe briefly the role and expertise of the team. Specify the key team members (name, surname,
degree) and the total number of team members. Explain the ability of the partners to complement
each other. Provide information on available infrastructure and hardware required to carry out
the activities planned in the project. Indicate the planned involvement of young scientists in the
project (if applicable).

UYeceki mapraepu (YII) 3a moTeHIIHHUM TPOEKTOM MAalOTh CIeIiai3oBaHe 00JiaTHAHHS,
HeoOXiHe Ui 3allaHOBaHUX JAociibkeHb. Y1 Mae BUCOKOTEXHOIOTIUHE cydacHe 00JaTHaHHS
JUIE KOHCTPYIOBaHHS Ta eKcIuryaTauii ammepmerpuyHux OioceHcopiB (ABC) i GiomanmuB HHX
komipok (BIIK), a Takox st JOCIiKEHB 3 po3Mipy, GOpPMU Ta CTPYKTypH TOJIIMEPIB, HAHO- Ta
OioHaHoMatepiaiiB: moreHmiocrat/ransBaHocTaT Autolab PGSTAT30 (Eco-Chemie); nazepHuii
anamizarop Zetasizer Nano ZS (Malvern Instruments); UV-Vis cnexrpodoromerp LAMBDA 25
(PerkinElmer Inc); mikpockonu — ckanyrounii enekrpounuii FE-SEM SU-70 (Hitachi), atomuo-
cunoBuii  BioScope Il (Veeco Instruments Ltd) i ckanyrounii onruunuii Alpha300R (WiTec);
cunektpomerpu — BX FTIR, Raman Station 400F i atromuo-emiciiinuii AAnalyst 880 (Bci — Bix
PerkinElmer Inc).



https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.15407%2Fscine13.04.056?_sg%5B0%5D=hZs6nl54CugNoI0CRbppLw1SenalLDDyxCzAUjOLOqmU9GAFW6g6LSWLoeu3B2X14L4IqA9xE00Gf4D0SG_dSQBf0g.bOltqZDq48fNIQliujxmZ6F5XaZM2PdnYVObCrX1e-TWZASJ-CpE6Mgep1fGy_U1F7zGEXJ-yqP9EOLMR40hMA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.snb.2017.04.192?_sg%5B0%5D=UJ7-gyaQiPCipioo1fqtKZL14GtVW6WHoo0Yi6YlFE3lNi6CO4y_pUiWGJ6s8BVgMosym9qeGCDP_WNQcix42P4IWw.PAz0dEhIbkAsKEB1bV51f0cFrDnlFVKA5hE5XrrOTYGSRQK64YPT92a411kBBd9l7AHuWiwQf4yaw13ljjewNg
https://doi.org/10.2174/1389203720666181114111731
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.30970%2Fvlubs.2019.81.13?_sg%5B0%5D=BAV8NeoBdQdaYt5qLxOR5h0l8NnImiQXOg65lD4oi69i-5PLvBwJmBqN4urDBL6yCTy2NniLUQoRnm-_Fb4-9-8H-Q.RHoCqigZLBJ5rM3WMiSJQweePrFB2xEX57KlXUT_ItxTYvF2kiQi4TBo2f_Iri_ZjE4NfgiOpFnaCOdFgGXgUg
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CZ has high-tech modern equipment for the development of amperometric biosensors (ABS)
and biofuell cells (BFC), as well as for characterization of shape, size and structure of polymers,
nano- and bionanomaterials: Potentiostat/galvanostat; Autolab PGSTAT302N, PGSTAT101
(Eco-Chemie)(2x), polarographic analyser 663 VA stand (2x). Scanning electrochemical
microscope (SECM) (CH instruments). Atomic force microscope (AFM) Dimension FastScan Bio
AFM with Bruker ScanAsys mode. Dynamic light scattering based particle size analyser equipped
with red laser as light source Zetasizer Nano ZS (Malvern Instruments). UV-Vis
spectrophotometers; Infinit 2000 PRO for measuring absorbance and flurecense, AnalytikJena
Specored 210 featured with variable bandwith, scanning and dual core, SPECORD® S 600
microscops which provides fast analysis — Scanning electron microscope; SEM (Tescan MIRA 11
LMU) equipped with EDS and WDS. Transmission electron microscope (TEM) FEI Tecnai F20.
Spectrometers - Nicolet iS10 FT-IR spectrometer with diamond ATR attachment. Renishaw InVia
Reflex Raman microspectrometer equipped by the 514.5 nm line of an argon laser for excitation.
Inductively coupled plasma atomic emission spectrometer Analyst 880 (all — from PerkinElmer
Inc).

OcHoBH1 nyOmikamii HayKOBLIB, $KI O€pyTh ydacTh Yy TMPOEKTI IIOAO0 TEMH MPOEKTY
(5 nybnixayin) | Major publications of the researchers involved in the project on the subject of the
project (specify 5 publications):

1. Arbér Frangu, Amir M. Ashrafi, Milan Sys, Tahir Arbneshi, Radovan Metelka, Vojtéch
Adam, Milan Vl¢ek and Lukas Richtera: Determination of Trolox Equivalent Antioxidant
Capacity in Berries, Using Amperometric Tyrosinase Biosensor Based on Multi-Walled
Carbon Nanotubes. Applied Sciences 2020, 10(7), 2497. DOI: 10.3390/app10072497 (IF
=2.217).

2. Manuel David Peris-Diaz, Lukas Richtera, Ondrej Zitka, Artur Kr¢zel and Vojtech Adam:
A chemometric-assisted voltammetric analysis of free and Zn(I1)-loaded metallothionein-
3 states. Bioelectrochemistry 2020, 134, 107501. DOI: 10.1016/j.bioelechem.2020.107501
(IF = 4.474).

3. Amir M. Ashrafi, Milan Sys, Eliska Sedlackova, Amir Shaaban Farag, Vojtéch Adam, Jan
Piibyl and Lukas Richtera: Application of the Enzymatic Electrochemical Biosensors for
Monitoring Non-Competitive Inhibition of Enzyme Activity by Heavy Metals. Sensors
2019, 19(13), 2939. DOI: 10.3390/519132939 (IF = 3.031).

4. Amir M. Ashrafi and Lukas Richtera: Preparation and Characterization of Carbon Paste
Electrode Bulk-Modified with Multiwalled Carbon Nanotubes and Its Application in a
Sensitive Assay of Antihyperlipidemic Simvastatin in Biological Samples. Molecules
2019, 24(12), 2215. DOI: 10.3390/molecules24122215 (IF = 3.060).

5. Ana Durovi¢, Zorica Stojanovi¢, Snezana Kravi¢, Jovana Kos and Luké$ Richtera:
Electrochemical Determination of Vitamin D 3 in Pharmaceutical Products by Using
Boron Doped Diamond Electrode. Electroanalysis 2019, 31. DOIL:
10.1002/elan.201900532 (IF = 2.691).

8. Binpsizkennsi / Business trips

Bigpsupkennst 1o Yecbkoi Pecniyoutiku / Business trips to the Czech Republic

ITIB, mocama / Name, Merta Bizuty / Purpose of | Pix/ Year | TpusaiicTs Bi3UTYy (00
surname, position the visit 30 owie 3a pix) |
Duration of the visit
Muxaiino 'onuap, 3aB. Koopaunariis nocnimkeHb
BIUT1JIOM aHaJTITHYHOL [InanyBaHHS CHITBHHUX

6iorexnomnorii (BAB) €KCTIEPUMEHTIB. 2021 2
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Mykhailo Gonchar, Head of | Coordination of the work.

Depart. of Analytical Planning joint
biotechnology (DAB) experiments.
EKCHepI/IMeHTaJ'IBHa
Cracrok Haranis, M.H.c. poboTa o cuHTe31 Ta
BAb XapaKTepucTuLi
HaHOMaTepiaJiB.
2021 4
Experimental work on the
Nataliya Stasyuk, development and
Young Researcher of DAB characterization of
nanoparticles.
CwmyTok Ourer, cr.H.c. BAB ExenepnvenTaibha
pobota 1o
XapaKTePUCTHUII
610CeHCOpIB. 2021 4
Experimental work on the
Oleh Smutok, o
Senior Researcher of DAB chara_cterlzatlon of
biosensors.
ExcnepumenranbHa
JemkiB Onbra, m.H.c. BAB pobora 1o Te(.:TyBaHHi.
po3pobaeHux 610CeHCOopIB
Ha peajbHUX 3pa3Kax
CHUPOBATOK KPOBI. 2022 4
Olha Demkiv, Exp(_erime_ntal work on the
Young Researcher of DAB testing biosensors on the
real samples.
Bigpsupkennst B Ykpainy / Business trips to Ukraine
Im’s1, mpi3BuIe, mocana / Mera Bisuty / Purpose of | Pik/ Year | TpuBamicts Bi3utry /
Name, surname, position the visit Duration of the visit
Jlykam PixTepa, maricrp; Koopaunartis ciyibHEX
Amipmancyp Anrpadi, JIOCJTIJDKCHBD.
K.T.H. OOroBopeHHs! HAYKOBUX
pe3yNbTaTiB. 2021 3
Lukas Richtera M.Sc.; Coordination of the joint
Amirmansoor Ashrafi, work. Discussion of the
Ph.D. scientific results.
Jlykam Pixtepa, marictp; OOroBopeHHST HAYKOBHUX
Awmipmancyp Ampadi, pe3yIbTATIB.
K.T.H. [InanyBaHHS HACTYyIHHX
CHUJIBHUX IPOCKTIB. 2022 3
Lukas Richtera M.Sc.; Discussion of the scientific
Amirmansoor Ashrafi, | results. Planning the future
Ph.D. joint projects.

9. Burpatm Ha pealizamil0 NPOEKTY I YKpaiHCbKOro mnaptHepa, rpH / Project

implementation costs for Ukrainian partner, UAH
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Burpatn Pik 1, UAH Pik 2, UAH

1. TIpsmi Butpartn / Direct costs:

1.1. Burpatu Ha omiaty mpari,
BKJIFOYAIOYU TMOJATKU (Makc. 53% 6i0
saeanvnoco  obcsey  eumpam) |

employed in the project, including
Compulsory State Social Insurance
Contributions

Remuneration of the research staff 78 THC. TpH 78 Tuc. rpH

1.2. Marepianu, HeOOXiHI IS
BUKOHAHHS PoOOiT, KpiM
cneirycrarkyBanns (10-20% 6io
3aeanvro2o obcesey eumpam) |
Materials, consumables supplies and
similar products

22 TuC. TpH 30 tuc. rpa

1.3. Butparu Ha CITyk00B1
BIPSKEHHS (32i0HO 3
3aNn1aHO8AHUMU BIOPAOIHCEHHAMU)
(6ionosiono oo Ilocmanosu KMY 6io
02.02.2011 Ne98) | Travel expenses
(Specify planned business trips)

18 tuc. rpu 8 TuC. TpH

2. Henpsimi BuTpaTH (ne 6invuwe 30%
6I0 3aecanvHoco o0b6csey eumpam) |
Indirect costs (up to 30% of the total
direct costs of the project)

32 Tuc. rpH 34 tuc. rpa

Pazom*, rpu / Total, UAH 150 tuc. rpu 150 tuc. rpu

* - po3paxyHKOBa cymMa Ha (PIHAHCYBAaHHS HPOEKTY 3aJEKHUTh BiJl 3aTBEPIKECHOTO
Oro/KeTy Ha BIATOBITHUMA PiK 1 OpIEHTOBHO CTaHOBUTH 150 THC. I'pH Ha pik

InTesiekTyanbHa BiaacHicTh: KoxkHa cTOpoHa Hece BiAMOBIAAIBHICTH 32 MOHITOPUHT
3aXUCTy IHTENEKTyalbHOI BJIACHOCTI, CTBOpPEHOI B Mexax I[IpoexTy BIIMOBITHO [0
MDKHApOJAHUX yroJ, manucanux CTopoHaMH.

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.

Mu norojxyeMoch, 1110 MiHICTEpCTBO OCBITH 1 Hayku YKpaiHu Ta MiHICTEpCTBO OCBITH,
Mosiofi Ta cmopty Yechkoi PecmyOmiku Oyme oOpoOIaTH TEepCcOHaNbHI JaHi, IO
MICTSATBCSL B MPOEKTI, IIIAXOM aIMiHICTPaTUBHOI OI[IHKH NPOEKTY Ta MyOJiKyBaTHUME
MIPOEKTH, 3aTBEPKEH1 JyIsl peanizailii Ha BeOcaiiTax 3a3HaueHnX MiHICTEpCTB.

We agree that the Ministry of Education and Science of Ukraine and the Ministry of
Education, Youth and Sports of the Czech Republic 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.

Yecokuii naptrep (CZ) / Czech partner (C2):



HaykoBuii kepiBHUK /
Principal investigator

II1/ Name and
surname

Jara / Date

IMigmuc / Signature

KepiBHuk ycranosu /
Legal representative of
the institution

IIT / Name and
surname

Hara / Date

igmuc / Signature

IMeuaTka / Stamp
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KepiBHUK HayKOBO-OCIIITHOI TPYITU CUHTE3Y Ta
XIMIYHUX aHaJi31B

Leader of Research Group of Synthesis and
Chemical Analyzes.

(nocaoa / position)

Jlykac Pixtepa, k.T.H., 1.X.H.
Lukas Richtera RNDr., Ph.D.

(nocaoa / position)

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

HaykoBuii kepiBHHK /
Principal investigator

III6 / Name and
surname

Hara / Date

IMigmuc / Signature

KepiBuuk ycranosu /
Legal representative of
the institution

II16 / Name and
surname

3aB. BIAUIOM aHAIITUYHOI 010T€XHOJIOTIT
Head of the Department of Analytical
Biotechnology

(nocaoa / position)
I'onuap Muxaiino BacuiboBuu
Mykhailo Gonchar

Hupexrtop [HcTuTyTy 6i0morii knitnan HAH
Ykpainu
Head of Institute of Cell Biology, NAS of Ukraine

(nocaoa / position)

Cubipnuit Aunpiit AunpiiioBuy
Andriy Sibirny
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Jara / Date dd.mm.2020.

IMiagmuc / Signature

IMeuaTka / Stamp



