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1. OnrTryHi 6i0C@HCOPHi crucTeMy Ha OCHOBI TTOJTiMePiB-6i0MiMeTHKIB Ta CMapT(OHIB [1J1s1 BUSBIEHHS XapYOBUX
MIKOTOKCHHIB: adsiaTOKCHHY Bl Ta 3eapasieHOHyONTUYHi 6i0CEHCOPHI CUCTEMU Ha OCHOBI I10J1iMePiB-0iOMiMETHKIB

Ta cMapTQOHIB 171 BUSIBJIEHHS XapuOBUX MiKOTOKCHHIB: apsiaTOKCUHY Bl Ta 3eapasieHOHY

2. Optical biosensor systems based on biomimetic polymers and smartphones for food mycotoxins (aflatoxin Bl
and zearalenone) detection

Pedepar:

1. Slpunka JI.B. OntnyHi 6i0CEHCOPHI CUCTEMU Ha OCHOBI I10J1iMepiB-6i0MiIMETHKIB Ta CMapT(OHIB /1151 BUSIBJIEHHS
XapyoBUX MIKOTOKCUHIB: adiaTokcuHy Bl Ta 3eapaneHony. — KsanidikauiiHa HaykoBa Ipalis Ha IIpaBax pyKOIuUCY.
Juceprauis Ha 3100y TTs HAYKOBOTO CTyIeHIo fokTopa ¢inocodii 3a cnenjanpHicTio 091 Biosoris. — [HcTutyT
MoJieKyJsipHoi 6iostorii i renetuku HAH Vkpainu, Kuis, 2023. [llopiyHO y CBiTi BUSBIISIIOT IOHAJHOPMOBI PiBHI
3a0pyIHEHHS XapuyOBUX IIPOJYKTiB MiKOTOKCMHaMU. KpiM 3HaYHMX €KOHOMIYHMX 30UTKIB, [IOB'I3aHUX 3 BTPATOIO
BpO>Kalo (IOPivYHO Yyepe3 3a06pyiHEeHHS! MIKOTOKCMHAMU BTPAva€eThes 10 25% BpokaiB 3epHOBUX), MiIKOTOKCUHU

Hebe3MevHi JJ1s1 3I0POB’s JIIofei Ta TBapuH. 3rimHo 3 gaHumu [1po10BOsIbYOi Ta CiTbCbKOTOCIIOAAPChKOI OpraHizanii



OOH (FAO) no HaliHe6e3nevHimnx MiKOTOKCHUHIB HajiexkaTs, cepep iHmux, adgatokcuH Bl (AOBI) ta 3eapaneHoH
(30H). Tomy, po3pobKa HOBUX MiAXOiB 111 MOHITOPUHTY Ta KOHTPOJIIO LIMX MIKOTOKCHHIB B IIPOAYKTaX XapuyBaHHS
- Iy’Ke aKTyaslbHa. 3BaXKalo4YM Ha Iie, MeTa JUCepTaliiiHOi pO60TH — CTBOPEHHS ONTUYHUX 6i0CEHCOPHUX CUCTEM HA
OCHOBi cMapT(QOHiB Ta NoJiMePiB-6i0MIMETUKIB y (POPMi MOJIEKYJIIPHO-IMIIPUHTOBAHUX MIOJIIMEPHUX MEMOPaH 1151
BUSIBJIEHHSI TIOIMPEHMX XapUOBUX TOKCHHIB (apaTokcuny Bl Ta 3eapasieHOHy) y IPOAYyKTax xap4yBaHHS Ta
TBapUMHHUX KopMax. [Tosmimepu-6iomimeTrky y Gopmi MOJIeKy IIpHO-iMIIPUHTOBaHUX NoyliMepHUX (MIIT) Mem6paH
3aIIPOIIOHOBAHO BUKOPUCTATH SIK UyTJIMBI €JIEMEHTU 6i0CEHCOPHUX cucTeM 1151 Bu3HaueHHss AOB1 Ta 30H.
[IpucyTHill y aHaNi30BaHOMY 3Pa3Ky TOKCHH, KU 3B's13aBCs 3 oBepxHeto MIIT MeMOpaHu 3a paxyHOK YTBOPEHHUX B
il CTPYKTYpi CeNeKTUBHUX PELeNITOPHUX CalTiB, MOXHA BUSIBJISITH IIiCJIsl OTIPOMIHEHHSI MEMOPaH yIbTpadioseToBUM
CBITJIOM 3 [IEBHOIO JOBXUHOIO XBUJIi. lle, y CBOIO 4epry, iHiljiloBaTuMe IpupoHy (PiyopecLeHLil0 MiKOTOKCHUHIB,
iHTEHCUBHICTD 5IKOI Oyjie IPONOPLINHOI0 KOHIEHTPallil TOKCUHIB y 3pasKy. OiyopecieHTHi 6i0CeHCOpHi cUrHay,
sIKi TeHepYIOThCS NoJliMepaMu-6iomimeTKamu y popmi Mmem6paH, MOXKHA PEECTPYBATH SIK 32 JOIIOMOTOI0
CTaH/IAPTHOTO J1abOPAaTOPHOTO CIIEKTPOMIIyOPUMETPA, TaK i 3@ JOIIOMOr0I0 Kamepy cMapTdOHa 3 MOAAJIbIINM
aHaJli30M 32 BUKOPUCTAHHS KOMEPLiHO-IOCTYIIHUX NIPOrpaM aHajlizy HUPPOBUX 3006pakeHb (30KpeMa porpaMmu
Spotxel® Reader, 2.1.5 nyig onepauiiiHoi cuctemu Android 6+). BukopuctanHsi cMapT@oOHa y poJi peecTparopa Ta
aHasli3aTopa ONTUYHUX CEHCOPHUX CUTHAJIB JO3BOJIMTh CKOPOTUTHU Ta CIIPOCTUTH MPOLEAYPY BUSHAYEHHS aHAJITY
Ta MO>K€ YCIIIIIHO 3aMiHUTU BUCOKOBApTiCHE JlabopaTopHe obsafiHaHHs. Ha nepuomy ertani po6otu, 6yso
CHHTE30BaHO BUCOKOCTAObi/IbHI 4yT/IMBI €JIeMEHTH MalOyTHiX 6i0CEHCOPHUX cucTeM Ha 0cHOBI MIIT Mem6paH, 4Ki
0yJ10 OTPUMAHO METOLOM PaiMKaJIbHOI MoJliMepu3allii in situ, 3 ITYyYHUMHU PELIENITOPHUMU CaliTaMU PO3IIi3HaBaHHS
A®B1 Ta 30H B ixHill cCTpyKTYpi Ta onTUMIi30BaHO ixHil ckiag,. Halikpaie posnizHaBaHHs AQBI Busssinu niisg MITI
MeMOpaH, CUHTE30BaHUX 3 BUKOPUCTAaHHSIM akpuiaMiny (AA) K (PyHKLiOHaJIbHOTO MOHOMEDPY, 3 MOHOMEPHO]
cymii i3 criBBigHOLEHHSIM 1TceBaoMaTpuLs : AA 1:2. BctanossneHo, mo MITT meM6paHu, CHHTE30BaHi i3
BHUKOpHCTaHHIM QyHKIiOHaNIbHUX MOHOMepiB 1-anmninninepasuny (1-AJIIT) Ta eTunexraikoasMetakputdocdaty
(ETM®), 3 MoHOMEpPHOI cyMmilli i3 cniiBBigHOMEHHAM r1ceBgomaTpulst : ®M 1:4 Ta 1:2, BiANoBigHO, JeMOHCTpPYBaIu
HalKpalli po3mni3HaBabHi BIacTUBOCTI oo 30H. Kpim Toro, 6ys10 OCiIKEHO BIVIUB CKJIaly aHaJli30BaHOTrO
PO34MHY Ha 3aTHICTb CUHTe30BaHUX MIIT MeMOpaH po3Mni3HaBaTy LiIbOBi MiKOTOKCMHY Ta BUBHAYEHO ONTHUMAJIbHi
YMOBHU 3B’I3yBaHHS QHAJITIB 3 MiKOTOKCMH-CEJIEKTUBHUMU PELENITOPHUMU CaliTaMu. Briepie cTBOpeHo
J1abopaTOPHi NIPOTOTUNY ONTUYHUX 6I0CEHCOPHUX CUCTEM Ha OCHOBI 110J1iMepiB-6i0MiMEeTHKIB Ta cMapTQOHIB 1151
BM3HAYEHHSI MiKOTOKCHHIB Ta JOCJIIKEHO ixHi p060Yi XapakTepucTuku. Kpim Toro, po3po6seHo nigxony go
MIOKpAIIEeHHS] pO60YMX XapaKTePUCTHK CTBOPEHUX 6i0CEHCOPHUX CUCTEM J1JI11 BUCOKOUYYTIMBOTO BU3HAUYEHHS
3raJlaHMX MiKOTOKCHHIB 32 PaXyHOK BUKOPUCTaHHS (PJIyOpeCLieHTHOrO MapKepy Y KOHKYpEHTHOMY BapiaHTi aHali3y,
a TaKO>XK HAHOYACTUHOK CpibJia Ta SIBUILA IIJIa3MOHHOTrO MifcuieHHs QuyopecleHlii. Po3po6seHi B guceprauiiiHin
POO6OTi MPOTOTUNM 6IOCEHCOPHUX CUCTeM OyJiv YCHilHO anpo6oBaHi A BusHayeHHs: AQB1 ra 30H y peanbHux
3pasKax MIIEeHUYHOTO, KyKypyI3sIHOTO O0POIIHA Ta MEJIEHUX 3Pa3Kax 36PHOBUX KYJIbTYP, CIiIbHO 3 JITT
«YKpMETPTECTCTaHAAPT» [IPOBEJEHO METPOJIOTIYHI OCTiIKEHHS pO3PO0JIEHUX CEHCOPHUX CUCTEM Ta

3aTBEPIPKEHO BaHpOHOHOBaHi METOIVKN BU3HAYEHHA MiKOTOKCHHIB.

2. Yarynka D.V. Optical biosensor systems based on biomimetic polymers and smartphones for food mycotoxins
(aflatoxin B1 and zearalenone) detection. - The manuscript. A dissertation submitted in fulfillment of the
requirements for the degree of Doctor of Philosophy (091 Biology). - Institute of Molecular Biology and Genetics of
the National Academy of Sciences of Ukraine, Kyiv, 2023. Annually excessive levels of mycotoxins in food products
are detected worldwide. In addition to the significant economic losses associated with crop loss (about 25% of
food products are lost every year due to mycotoxins contamination), mycotoxins are dangerous for human and
animal health. According to the Food and Agricultural Organization of the United Nations (FAO), the most
dangerous mycotoxins are, among others, aflatoxin Bl (AFB1) and zearalenone (ZON). Therefore, developing new
approaches for monitoring and controlling these mycotoxins in food products is very important. Thus, the
dissertation aims to create optical biosensor systems based on smartphones and biomimetic polymers in the form
of molecularly imprinted polymer membranes to detect worldwide food toxins (AFB1 and ZON) in food products
and animal feed. Biomimetic polymers in the form of molecularly imprinted polymer (MIP) membranes are



proposed as sensitive elements of biosensor systems to determine AFB1 and ZON. The toxin from analysed sample,
bound with the selective receptor sites formed in the MIPs' structure, can be detected after irradiation of the
membranes with ultraviolet (UV) light of a specific wavelength. It will initiate the fluorescence of mycotoxins, the
intensity of which will be proportional to the concentration of toxins in the sample. Fluorescent sensor signals
generated by the biomimetic polymers in the form of membranes can be registered both with a standard
laboratory fluorimeter and with smartphone camera using commercially available digital image analysis programs
for smartphones (in particular, the Spotxel program for the Android 6+ operating system) for further analysis.
Using a smartphone as an analyser will simplify the analyte determination procedure and can successfully replace
expensive laboratory equipment outside laboratories. Thus, this method can be used outside the laboratory.
Firstly, highly stable sensitive elements based on MIP membranes with artificial receptor sites for AFB1 and ZON
recognition in MIPs’ structure were synthesised by the in situ radical polymerisation method and optimised. The
best recognition of AFB1 was found for MIP membranes synthesised using acrylamide (AA) as a functional
monomer from a monomer mixture with a 1:2 “dummy” template: AA ratio. It was established that the MIP
membranes synthesised using the functional monomers 1-allylpiperazine (1-ALP) and ethylene glycol methacrylate
phosphate (EGMF), with 1:4 and 1:2 “dummy” template: functional monomer ratio, respectively, demonstrated the
best recognition properties in response to adding ZON. Also, the influence of the analysed sample conditions on
the ability of the synthesised MIP membranes to recognise the target mycotoxins was investigated and optimised.
For the first time, laboratory prototypes of biosensor systems based on biomimetic polymers and smartphones for
the mycotoxins analysis were created, and their analytical characteristics were investigated. In addition, to
improve the working characteristics of proposed biosensor systems for highly sensitive mycotoxins analysis, new
approaches were developed based on the use of a fluorescent marker in competitive analysis, as well as silver
nanoparticles and plasmon-enhanced fluorescence. Prototypes of fluorescent biosensor systems based on
smartphones and MIP membranes were successfully tested to determine AFB1 and ZON in wheat and corn real
flour samples. In cooperation with the SE “Ukrmetrteststandard” the metrological studies of the developed sensor
systems were carried out and the proposed methods for the mycotoxins analysis were approved.
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El'skay A. // Biopolymers and Cell, 2021, 37(5), P. 346-356.

¢ Sensor based on molecularly imprinted polymer membranes and smartphone for detection of Fusarium
contamination in cereals / Sergeyeva, T., Yarynka, D., Dubey, L., Dubey, 1., Piletska, E., Linnik, R., Antonyuk M.,
Ternovska T., Brovko O., Piletsky S., El'skay A. // Sensors 2020, 20, 4304.

e Development of a smartphone-based biomimetic sensor for aflatoxin Bl detection using molecularly
imprinted polymer membranes / Sergeyeva, T., Yarynka, D., Piletska, E., Lynnik, R., Zaporozhets, O., Brovko,
0., Piletsky, S., El'skay, A. // Elsevier, Talanta, 201, 2019, P. 204-210.
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