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1. Po6oTa mpucBsyeHa po3po06ili, ONTUMi3allii Ta anmpoballii amrnepomMeTpuyHOi 6i0CeHCOPHOI CUCTEMU 1T
O/IHOYACHOTO BU3HAY€HHS aKTUBHOCTI anaHiHaMiHoTpaHcdepasu (AJIT) Ta acnapratamiHoTpaHcdepasu (ACT) y
6ioJIOTiYHUX PiIMHAX JNIOOUMHU. AJlaHiHaMiHOTpaHcdepasa Ta acrapraTamiHoTpaHcdepasa € KII04Y0BUMU
6ioxiMmiuHnMU MapkepaMu (PYHKLIOHAJIBHOTO CTAaHy MEYiHKY Ta MiOKapza, piBeHb SIKUX B KPOBi CYyTTEBO 3pOCTaE IIPU
MaTOJIOTISAX M€YiHKY, CEPLEBO-CYINHHUX 3aXBOPIOBAHHSAX Ta HU3LI IHIINX [1aTOJIOTIYHUX CTaHiB. OgHOYacHe
BM3HAUEHHS aKTUBHOCTI 000X TPaHCaMiHa3 Ta po3paxyHOK KoediuienTta ge Pitica (ACT /AJIT) MaloTh BaXJIMBe
IiarHOCTUYHEe 3HaY€HHS IJ1 audepeHuialii ne4iHKoBUX Ta KapAioJIOriYHMX 3aXBOPIOBaHb. TpanuliiiHi 1abopaTopHi

MEeTOJ U NOTPEOYIOTh CKJIAHOr0 06J1aJHAaHHS, TPMBaJIOl IPOOOIIArOTOBKY Ta LIeHTPasi30BaHoi iHdpacTpyKTypH, 10



CYTTEBO OOME3XYe€ ixX 3aCTOCYBaHHS /ISl EKCIIPEC-TiarHOCTHKU 11032 YMOBaMU CTallioHapHoi s1aboparopii. Po3pobka
[IOPTATUBHUX, YyTJIUBUX Ta EKOHOMIYHO €(pEeKTUBHUX OiOCEHCOPHUX CUCTEM [1J1S BU3HAUEHHS TPaHCAMiHa3 €
aKTyaJIbHUM 3aBJaHHSM Cy4acHOi 6i0TexHOoJIOri], 110 BiIOBifa€e CBITOBIN T€HEHLii pO3BUTKY [I€PCOHAI30BaHO]
MmeaunuHu. [IpoBeneHUI aHali3 HAYKOBOI JIiTepaTypy [10Ka3as, 10 NONpY 6araTOpivyHUM NOCBi, pO3pOOKU
6ioceHcopHux cucteM aJis BusHadeHHs ACT i AJIT, BoHU He ocariy piBHS KoMepuiasizanii i auie gexinabpka 35aTHi
IO OJHOYaCHOI nudepeHIifioBaHoi AeTeKLii 000X eH3MMiIB, XOJIHa 3 IKMX He OyJia eJleKTpoximMiuHoo. Buxonsyu 3
1LIbOTO, Y POOOTi OOI'PYHTOBAHO BUOiIp aMIIEpOMETPUYHOTO METOY AE€TEKLi SIK ONTUMAaJbHOTO [J151 BUBHAYEHHS
AKTHMBHOCTI TPaHCaMiHa3 3aBISIKA HU3bKUM MEXaM BU3HAYE€HHS, IIMPOKOMY JIiHITHOMY [ialla30Hy, MIBUIKOMY
BiATYKy Ta HE3aJIESKHOCTI BiJl ONITUYHUX BJIACTHUBOCTE Mpobu. Ha nepumomy etamni gocifkeHHsI po3po0JeHo Ta
onTtumizoBaHo ACT-uyT/IMBU aMIIEpPOMETPUYHNUIL 6iOCEHCOp Ha OCHOBI riryramarokcuaasu (I'nOxc),
iMMOOG1J1i30BaHOI HA MJIATUHOBOMY JAMCKOBOMY €JIEKTPOZi, MOJU(PIKOBAHOMY €JIEKTPOIOJIiMEPU30BAHUM
nonigeninenniaminom (TIO[T). OnTumizoBaHO cKiaf 6i0ceneKTUBHOI MeMbpaHu Ta pobodoro 6ydepa, LOCiIKeHO
CTabiJIbHICTD Ta CeJIeKTUBHICTL 6i0ceHCoPa, a TaKOXK BIVIUB KOHLIEHTPALlii BiIbHOTO 61Ky, MOHHOI cuu Ta
KOEH3MMY B PO34MHi Ha Hloro QpyHKLioHyBaHHs. Ha IpyromMy ertarli CTBOPEHO Ta IOPiBHSHO ABa BapiaHTu AJIT-
4yT/IMBUX GioceHcopiB — Ha ocHOBI nipyBaTokcuaasu ([IOkc) Ta Ha ocHOBI ['1OKce. Bniepiie 371iiCHEHO OPiBHSIbHUIA
aHaJli3 XapaKTepUCTHK 000X THUIIiB 6i0CEHCOPIB Ta HAYKOBO OOI'PYHTOBaHO BUGip BapiaHTy Ha ocHOBI [TOKc 3a
KpUTepisMu criel@iyHOCTi, CTabiIbHOCTI Ta BilTBOPIOBAHOCTI. Briepie po3po6sieHO MyJIbTUAHAITHY
€JIEKTPOXiMi4HY 610CEHCOPHY CUCTEMY [JIs1 OHOYACHOro BU3Ha4eHHs akTUBHOCTI AJIT Ta ACT msixoMm iHTerpatii
IBOX ONTHMi30BaHUX aMIIEPOMETPUYHUX MOHOCEHCOPIB. OCKiNIbKMA 00M/IBi TPaHCAaMiHa3Hi peaklii IPOAYyKYIOThb
rJIyTamar SIK CIiJIbHUI IPOLYKT, IpsiMa audepeniiiallis curHasuis 6yjia HEMOSKIIMBOIO; 17151 BUPiLlleHHS 1€l
Ipo6J1eMH 3alPOIIOHOBAHO HOBY CII€lliali30BaHy MpoLeNypy IOCiJOBHOTO BHECEHHS CYOCTPaTiB. YOCKOHATIEHO
TaKO>X KOHCTPYKLiI0 6i0CEHCOPHOI CUCTEMHU UIJIIXOM 3aCTOCYBaHHSI IBOLIAPOBOi MeMOpaHHoi cuctemu (ITO]I +
€H3MMHa MeMOpaHa), 110 3a6e3rnednsio edeKTuBHe 6JI0KyBaHHS €JIeKTPOAaKTUBHUX iHTep(EepeHTIB i MOKpaIuIo
CEeJIEKTUBHICTD JleTeKlii y 3pa3kax cMpoBaTKy KpoBi. CTBOpeHa 6i0CeHCOpHa CUCTeMa XapaKTepU3yeThCs JiHIMHUM
nianazoHoM BusHaueHHs 1-500 Ogp.akrt. /51 s AJIT ta 1-200 Ogp.akrt. /51 gt ACT 3a MiHiMasnbHOI MeXi BU3HaUYeHHs 1
Op.aKT. /11 1151 060X €H3UMIB; 4ac IIOBHOTO aHaJIi3y CTAHOBUTH 6IM3bKO 12 XBUINH. ATIpo6arliisi cucTeMu Ha 3pa3Kax
CHPOBATKY KPOBI JIIOAVHY MiATBepinia BUCOKY KOPEeJIsLlilo OTPUMaHUX Pe3yJIbTaTiB i3 pepepeHCHUM
CIIEKTPOPOTOMETPUYHUM METOLOM (KoediuieHTn Kopesuii R=0,994 nns AJIT ta R=0,989 nys ACT). Po3pob6sena
CHCTEMa € NIEPILIOI0 eJIEKTPOXiMiYHOI0 6iOCEHCOPHOIO CUCTEMOIO, 3TATHOIO [0 OAHOYACHOI JleTeKii 060X
TpaHcaMiHa3s, 10 BiIKpUBAa€ MOSKJIMBOCTI [J1S aBTOMATUYHOIO PO3PaxXyHKYy IiarHOCTUYHO 3HAYNMOTro KoedirieHTa
Ie Pitica 6e3nocepeiHbO B NIpoLieci BUMiploBaHHs. [IpakTUYHY IiHHICTb pe3y/bTaTiB NiATBEPAKEHO YOTUPMA
OXOPOHHMMM JOKYMEHTaMHU (MaTeHTH Ha BuHaxig N2 129239 ta N2 125811, nateHTy Ha KOpUCcHY mozesnb N2 153303 ta
N¢ 147481), 3aTBepIKEHOI0 METOAVKOIO BUMipIoBaHHS aKTUBHOCTI ACT y JITT «YKpMeTpTeCcTCTaHIapT» Ta
BIIPOBa>)KEHHSIM po3pobieHoro 6ioceHcopa B TOB «YkpmencepT». OTpuMaHi pe3ysbTaTy CTBOPIOIOTh MiIPYHTSI
17151 pO3POOKY NIOPTAaTUBHUX point-of-care NpuUCTpOiB AJ1s eKCIIpec-1iarTHOCTUKY (PYHKLIOHAJIbHOTO CTaHY [eYiHKU
Ta ceplisl 6e3rnocepenHbo Ois JiXKKa NMallieHTa, MOHITOPUHTY e(eKTUBHOCTI JIiKyBaHHS MAalli€HTIB i3
rerarTornaTosorisiMU Ta CEPLeBO-CYIUHHUMY 3aXBOPIOBAaHHSMM, a TAKOK CKPUHIHTOBUX 00CTE>XKEHb I'PYIl PU3HUKY
(mauieHTtu 3 giabeTom, MeTaboiYHUM CUHIPOMOM, XPOHIYHMM aJIKOTOJII3MOM, BipyCHUMMU renaturaMmu). Takui

niAxin € 0co6IUBO aKTyaJIbHUM [IJ151 PETIOHIB 3 0OMEXEHVM JOCTYIIOM [I0 LIEHTPali30BaHMX KJIiHIYHUX JabopaTopiil.

2. The work is devoted to the development, optimization, and validation of an amperometric biosensor system for
the simultaneous determination of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activity in
human biological fluids. Alanine aminotransferase and aspartate aminotransferase are key biochemical markers of
liver and myocardial functional status, whose blood levels increase significantly in liver pathologies, cardiovascular
diseases, and a number of other pathological conditions. Simultaneous determination of both transaminases'
activity and calculation of the De Ritis ratio (AST /ALT) is of important diagnostic value for differentiating hepatic
and cardiac diseases. Conventional laboratory methods require complex equipment, lengthy sample preparation,
and centralized infrastructure, which significantly limits their use for rapid diagnostics outside a stationary
laboratory setting. The development of portable, sensitive, and cost-effective biosensor systems for transaminase



determination is a relevant task of modern biotechnology, in line with the global trend toward personalized
medicine. An analysis of the scientific literature showed that, despite many years of research into biosensor
systems for AST and ALT determination, none has reached the level of commercialization, and only a few are
capable of simultaneous differentiated detection of both enzymes, none of which are electrochemical. Based on
this, the work substantiates the choice of the amperometric detection method as optimal for determining
transaminase activity, owing to its low detection limits, wide linear range, rapid response, and independence from
the optical properties of the sample. In the first stage of the study, an AST-sensitive amperometric biosensor was
developed and optimized based on glutamate oxidase (GlOx) immobilized on a platinum disk electrode modified
with electropolymerized poly(m-phenylenediamine) (PPD). The composition of the bioselective membrane and
working buffer was optimized, and the stability and selectivity of the biosensor were investigated, as well as the
influence of free protein concentration, ionic strength, and coenzyme in solution on its performance. In the
second stage, two variants of ALT-sensitive biosensors were created and compared — based on pyruvate oxidase
(POx) and based on GlOx. For the first time, a comparative analysis of the characteristics of both types of
biosensors was performed, and the choice of the POx-based variant was scientifically substantiated based on
criteria of specificity, stability, and reproducibility. For the first time, a multianalyte electrochemical biosensor
system was developed for the simultaneous determination of ALT and AST activity through the integration of two
optimized amperometric monosensors. Since both transaminase reactions produce glutamate as a common
product, direct differentiation of the signals was not possible; to solve this problem, a novel specialized procedure
for sequential substrate addition was proposed. The design of the biosensor system was also improved through the
application of a two-layer membrane system (PPD + enzyme membrane), which ensured effective blocking of
electroactive interferents and improved detection selectivity in serum samples. The developed biosensor system is
characterized by a linear determination range of 1-500 U /L for ALT and 1-200 U /L for AST, with a minimum
detection limit of 1 U/L for both enzymes; the total analysis time is approximately 12 minutes. Validation of the
system on human serum samples confirmed a high correlation of the obtained results with the reference
spectrophotometric method (correlation coefficients R=0.994 for ALT and R=0.989 for AST). The developed system
is the first electrochemical biosensor system capable of simultaneous detection of both transaminases, which
opens up possibilities for automatic calculation of the diagnostically significant De Ritis ratio directly during the
measurement process. The practical value of the results is confirmed by four protective documents (invention
patents No. 129239 and No. 125811, utility model patents No. 153303 and No. 147481), an approved method for
measuring AST activity at the State Enterprise "Ukrmetrteststandart,” and the implementation of the developed
biosensor at "Ukrmedcert" LLC. The obtained results provide a foundation for the development of portable point-
of-care devices for rapid diagnostics of liver and heart functional status directly at the patient's bedside,
monitoring the treatment efficacy of patients with hepatopathologies and cardiovascular diseases, as well as
screening examinations of risk groups (patients with diabetes, metabolic syndrome, chronic alcoholism, viral
hepatitis). This approach is particularly relevant for regions with limited access to centralized clinical laboratories.
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