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Gold nanoparticles can be effectively used to enhance the direct electron transfer between enzymes and elec-
trodes, increase the catalytic activity of enzymes, and improve the immobilization of enzymes on the electrode,
which significantly increases the sensitivity of enzyme sensors. Therefore, the creation of effective enzyme complex-
es with gold nanoparticles is an urgent task. The aim of this work was to study the interaction of the glucose oxi-
dase enzyme with gold nanoparticles by investigating the formation of their electroactive complexes. Spectroscopic,
electron microscopic, electrophoretic and biochemical methods were used in the work. The contact interaction of
glucose oxidase with gold nanoparticles of different sizes was investigated and the ability of such nanoparticles to
form electroactive complexes with glucose oxidase at certain concentrations was established. The stimulation of the
catalytic activity of glucose oxidase in such electroactive complexes was established. The effectiveness of the study
of electroactive complexes of enzymes with metal nanoparticles by agarose gel electrophoresis for the development
of sensor elements of enzyme electrochemical biosensors is shown.

Key words: enzyme biosensors, glucose oxidase, gold nanoparticles, electroactive complexes, electrophoresis.

Connection of the publication with planned re-
search works.

The work was carried out within the framework of
the project “Intelligent biosensor systems for the de-
termination of some metabolites to control the devel-
opment of socially important human diseases” (state
registration number 0118U005268) of the targeted re-
search programme of the National Academy of Sciences
of Ukraine “Smart’ sensor devices of the new generation
based on modern materials and technologies’ and re-
search work: ‘Development of environmentally friendly
and biocompatible nanomaterials for biomedical pur-
poses” (state registration number 0121U113443).

Introduction.

Metal nanoparticles are actively attracting the atten-
tion of researchers for their use in sensor technologies to
improve electrode characteristics. It is known that gold
nanoparticles are effective catalysts for various electro-
chemical processes, which leads to their use in the de-
velopment of amperometric sensors. At the same time,
metal nanoparticles are characterised by a pronounced
‘size effect’ — the dependence of the nature of the effect
on biological systems on the size, which is associated
with excessive surface energy of nanoparticles due to
the uncompensated bonds of surface and near-surface
atoms, the proportion of which increases significantly
with a decrease in the size of nanoparticles [1].

Gold nanoparticles are used in biosensor studies be-
cause they are highly active in the oxidation and reduc-
tion of electroactive reporter molecules, enhance elec-
trochemical signals, and promote rapid charge transfer
[2-5].

The preparation of electroactive complexes of metal
nanoparticles with enzymes is the key to the successful
formation of a sensitive element of an electrochemical
biosensor based on them [6].

The aim of the study.

To study the interaction of the glucose oxidase en-
zyme with gold nanoparticles by investigating the forma-
tion of their electroactive complexes.

Object and research methods.

Four preparations of spherical gold nanoparticles of
different discrete sizes were used in the study. Prepara-
tions of gold nanoparticles No. 1 and 2 were obtained
by reduction of tetrachloroauric acid (HAuCl4) with tan-
nin in the presence of potassium carbonate. The sizes
of these gold nanoparticles were: No. 1 — 10 nm, No.
2 — 20 nm. Preparation No. 3 was synthesised by the
carbonate-citrate method (by reducing tetrachloroauric
acid with sodium citrate in the presence of potassium
carbonate), with a nanoparticle size of 30 nm. Prepa-
ration of gold nanoparticles No. 4 was obtained using
CTAB (cetriltrimethylammonium bromide), the size of
the nanoparticles was 30 nm.

We used an enzyme preparation of glucose oxidase
(GO) produced by Enzyme (Ladyzhyn, Ukraine), with 1 g
of which contains 5,000 units.

To obtain complexes of metal nanoparticles with glu-
cose oxidase, different concentrations of gold nanopar-
ticles in the concentration range of 0.15-2.8 ug/ml per
metal were added to 5% of the enzyme preparation. The
incubation mixtures contained 0.5 mg of the enzyme
preparation of glucose oxidase and the corresponding
concentrations of gold nanoparticles. The reaction was
carried out in 20 mM phosphate buffer solution (PBS)
(pH 7.2).

The electrophoretic separation of nanoparticle com-
plexes with the studied enzyme was carried out in a 5%
agarose gel in buffer solution of the following composi-
tion: 9 mM Tris-base, 9 mM boric acid, 0.25 mM EDTA,
pH 8.3. The sample application buffer consisted of 126
mM Tris-HCI (pH 6.8), 15% phycolic acid, 4% sodium do-
decyl sulfate, and 0.002% bromophenol. Electrophoresis
was performed at 8 0C. Before electrophoresis, a mix-
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ture of 5 ul of application buffer and 20 ul of the sample
of glucose oxidase complex with gold nanoparticles was
added to each well of the gel. Electrophoresis was per-
formed at 100 V with a gradual increase in voltage from
50V at the start.

After two hours of electrophoresis under the above
conditions, the gel was stained with 0.5% Coomassie
0-250 for 2 minutes, washed thoroughly with distilled
water, and electrophoregrams were visualised by blue-
stained electrophoretic tracks [7].

The catalytic activity of the enzyme in interaction
with gold nanoparticles was studied according to the
method [8].

Electron microscopic studies of the contact inter-
action of glucose oxidase with gold nanoparticles were
performed by transmission electron microscopy (JEM-
1400, JEOL, Japan) at the Centre for Collective Use of Sci-
entific Instruments of the National Academy of Sciences
of Ukraine at the D.K. Zabolotny Institute of Microbiolo-
gy and Virology of the National Academy of Sciences of
Ukraine.

Research results and their discussion.

The interaction of glucose oxidase with synthesised
gold nanoparticles of different sizes was investigated by
optical spectroscopy, transmission electron microscopy
and agarose gel electrophoresis.

Glucose oxidase is a component of the sensor ele-
ments of enzyme biosensors for the determination of
glucose in blood, biotechnological production process-
es, etc. Glucose oxidase (B-D-glucose:oxygen-1-oxidore-
ductase; EC 1.1.2.3.4) catalyses the oxidation of B-D-glu-
cose to gluconic acid by using molecular oxygen as an
electron acceptor with the simultaneous formation of
hydrogen peroxide [10].

The synthesis and study of metal nanoparticle pro-
vides for involves their stability in buffer systems tradi-
tional for working with enzymes. In this work, 20 mM
PBS (pH 7.2) was used. The data of spectrophotometric
studies of nanoparticles showed that gold nanoparticles
of all four preparations (Nol-4) remained stable when
added to the system with 20 mM PBS.

The incubation of gold nanoparticles of all the
studied preparations No. 1 — 4 with glucose ox-
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Figure 1 — Absorption spectra of 30 nm gold nanoparticles (No. 4) in
20 mM PBS (AuNP 4+PBS) and after contact interaction with glucose
oxidase (AuNP 4+GO).
idase led to the formation of complexes. Figure 1 shows
the absorption spectra of 30 nm gold nanoparticles in 20
mM PBS and after contact with glucose oxidase for the

example of preparation No. 4.

As can be seen from fig. 1, the peak of the absorp-
tion spectrum of the enzyme with nanoparticles shifted
to the long-wave region, which confirms the formation
of their complex.

Transmission electron microscopy revealed the for-
mation of crystalline structures with significant changes
in size (fig. 2, B) in preparation No. 4, compared to the
native nanoparticle preparation (fig. 2, A).

The results of the study revealed the ability of the
synthesised gold nanoparticles to form electroactive
complexes with glucose oxidase, in this case the nature
of the interaction and the possibility of forming a com-
plex by binding nanoparticles to the enzyme strongly de-
pended on the particle size.

The obtained results are consistent with the litera-
ture [11], according to which, when complexes between
gold nanoparticles and glucose oxidase are formed, the
enzyme “wraps” the nanoparticles, which is manifested

Ui

B

Figure 2 — Electron microscopic studies of gold nanoparticles with an average size of 30 nm in 20 mM PBS (A)
and after contact interaction with glucose oxidase (B).
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in significant morphological changes in nanoparticles
during electron microscopic studies.

The electrochemical interaction of glucose oxidase
complexes with synthesised gold nanoparticles of dif-
ferent sizes was investigated by agarose gel electropho-
resis, a phenomenon of movement of particles of the
dispersed phase in a dispersion medium under the in-
fluence of an external electric field. Such complexes of
gold nanoparticles with glucose oxidase are presented
in table 1.

The created complexes of metal nanoparticles with
glucose oxidase were tested for their electroactivity and
the optimal concentration ratios of the studied nanopar-
ticles and the enzyme were determined.

Fig. 3 shows an electrophoregram of glucose oxi-
dase, marker proteins, and effective gold nanoparti-
cle-enzyme complexes.

It was found that the original enzyme glucose oxi-
dase (fig. 3, lane 8) moves in the agarose gel at a lower
speed than all the obtained complexes of gold nanopar-
ticles with the enzyme (fig. 3, lanes 3-7). Although the
weight of the native enzyme is lower than that of the
gold nanoparticle-enzyme complexes, its electrophoret-
ic mobility was lower. Obviously, the separation of dif-
ferent complexes of gold nanoparticles with glucose oxi-
dase in an agarose gel depends not only on the weight of
the complex but also on other features, in particular, the
charge of the gold nanoparticles. It can be assumed that

Figure 3 — Electrophoregram of complexes of gold nanoparticles
with glucose oxidase (GO): 2 — marker protein of chicken egg, 3 -
complex of gold nanoparticles of preparation No. 1 (0.15 pug/ml by
metal) with GO, 4 — complex of gold nanoparticles of preparation
No. 2 (0.39 pg/ml by metal) with GO, 5 — complex of gold
nanoparticles of preparation No. 3 (0.20 pg/ml by metal) with GO,
6 — complex of gold nanoparticles of preparation No. 3 (0.39 pg/ml
by metal) with GO, 7 — complex of gold nanoparticles of preparation
No. 4 (0.45 ug/ml by metal) with GO, 8 — GO, 9 — marker — BSA.

Table 1 — Experimental complexes of metal
nanoparticles with glucose oxidase

Concentration of
Type of complex metal nanoparticles,
pg/ml by metal
0.15
Glucose oxidase — gold nanoparticle 0.39
preparation 1 0.45
2.80
0.15
Glucose oxidase — gold nanoparticle 0.20
preparation 2 0.25
0.95
0.20
Glucose oxidase — gold nanoparticle 0.40
preparation 3 0.60
1.90
0.15
Glucose oxidase — gold nanoparticle 0.39
preparation 4 0.45
2.80

glucose oxidase in the formed complexes with different
concentrations of gold nanoparticles does not neutralise
their electrokinetic potential.

Thus, the concentrations of gold nanoparticles pre-
sented in table 2 were optimal for the formation of elec-
troactive complexes with glucose oxidase.

Table 2 — Optimal concentrations of gold
nanoparticles for the formation of electroactive
complexes of glucose oxidase with gold
nanoparticles

Concentration of metal
Type of complex nanoparticles,
ug/ml by metal
Glucose oxidase — gold nanoparticle 0.15
preparation 1 0.20
Glucose oxidase — gold nanoparticle 0.39
preparation 2 0.45
Glucose oxidase — gold nanoparticle 0.20
preparation 3 0.39
Glucose oxidase — gold nanoparticle
N 0.45
preparation 4

After studying the electrophoretic mobility, the cata-
lytic activity of the complexes shown in table 2 was an-
alysed.

It was shown that the activity of glucose oxidase was
stimulated by more than 50% under the influence of the
studied gold nanoparticles.

It is known from the literature that direct electron
transfer between enzymes and electrode surfaces is im-
portant for the development of effective biosensor en-
zyme systems [12]. The presented research results show
that gold nanoparticles of different sizes and concentra-
tions, forming electroactive complexes, can enhance the
efficiency of direct electron transfer between the en-
zyme glucose oxidase and electrodes.

Thus, the studies have shown the effect of gold
nanoparticles in the studied concentrations on glucose
oxidase, which was manifested in morphological chang-
es in gold nanoparticles, changes in the electrophoretic
mobility of complexes and an increase in the activity of
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glucose oxidase. Electroactive GO complexes with gold
nanoparticles can be interpreted as bioconjugates [13],
which are promising in terms of the identified patterns
and can be used to design electrochemical enzyme sen-
sors to improve their efficiency.

Conclusions.

1. The contact interaction between glucose oxidase
and gold nanoparticles of different sizes was investigat-
ed, and the ability of such nanoparticles to form elec-
troactive complexes with glucose oxidase at certain con-
centrations was established.

2. The stimulation of the catalytic activity of glucose
oxidase in electroactive complexes of the enzyme with
gold nanoparticles of certain concentrations was estab-
lished.

3. The effectiveness of the study of electroactive en-
zyme complexes with metal nanoparticles by agarose gel
electrophoresis for the development of electrochemical
biosensors was shown.

Prospects for further research.

Our research opens up the prospect of designing and
creating laboratory prototypes of electrochemical en-
zyme sensors using gold nanoparticles.
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ENNEKTPOAKTUBHI KOMNJIEKCU IMIOKO300OKCUAA3U 3 HAHOYACTUHKAMM
30/10TA ANA PO3POBKU ®EPMEHTHUX CEHCOPHUX ENEMEHTIB EJIEKTPOXIMIYHUX
BIOCEHCOPIB
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HaHo4yacmuHKu 30710ma moxcyme 6ymu epeKkmueHO BUKOPUCMAHI 011 MiOCUNEHHA MpAMO20 repeHocy
en1eKmpoHi8 Mix¢ hepmeHmMamu ma eneKkmpooamu, Nid8UWEHHA KAManimu4yHOi GKMUBHOCMIi eH3UMI8, MOKPAU,EeHHS
npouecy immobinizayii pepmeHmie Ha enekmpodi, WO 3HAYHO MIOBULLYE Yymaugicms hepMeHMHUX CeHcopis.
ToMy CmBOpeHHA eheKmMUBHUX KOMIAEKCi8 (hepMeHmis 3 HOHOYACMUHKAMU 30/0mMa € aKMyanbHoO 3adayero.
Memotr daHoi pobomu 6ysn0 susYeHHs 830EMOOIi hepMeHmMy 2/1H0KO300KCUOA3U 3 HAHOYACMUHKAMU 30/70Ma
WiAAXOM O0CNIOHCEHHSA hOPMYBAHHA X eeKmMpPoaKmMuBHUX KOMII/EKcie. Y pobomi sUKopuUCmMaHi CieKmpoCcKomiyHi,
eneKmpoHHO-MIKPOCKONIYHi, enekmpogopemuyHi ma 6ioximiyHi memoou. [ocnidmeHo KOHMAKmMHy 830emMOo0ito
2/110KO300KCUOA3U 3 HAHOYACMUHKAMU 30/10Md Pi3HO20 PO3MIipy ma 8CMaH08seH0 30adMHICMb MAKUXHAHOYACMUHOK
Yy MesHUX KOHUEHMPAuisx ymeoposamu enekmpoaKmueHi KOMIAeKcU 3 2/10K0300Kcuda3ow. BcmaHoeneHo
CMUMYAAYI0 KamanimuyHoi aKMueHOCMI 2/1l0KO300KCUOA3U Y MAKUX eneKmpoaKkmueHuUxX Komraekcax. [lokazaHa
eghekmusHicmeo 00CNiOHEHL e1eKMPOAKMUBHUX KOMIAEKCI8 hepMeHmie 3 HAHOYACMUHKAMU Memasie Memooom
enekmpogopesy 8 a2apo3HOMY 2eni 04149 POo3pPOOKU CEeHCOPHUX enemeHmie epmMeHMHUX eneKkmpoximiyHux

bioceHcopis.

Knrovoei cnoea: gpepmeHmHi 6ioceHCopuU, 2/HKO300KCUO0A3d, HAHOYACMUHKU 30/0Md, enekmpoakmueHi

KOMI/eKcu, enekmpogopes.

38’A30K ny6niKauii 3 Nn1aHOBMMMU HayKOBO-A0CNIg-
HUMU poboTamm.

PoboTa BMKOHaHa B paMKax MNPOEKTy «lHTenekTy-
aNbHi BiOCEHCOPHI CUCTEMM BU3HAYEHHA AEAKMX MeTa-
60niTiB 418 KOHTPOAIO PO3BUTKY COLiasibHO BaXKAUBUX
3aXBOPIOBaHb /IOAUHUY» (OEPMKaBHUIN peecTpaLLitHuiA
Homep 0118U005268) wuinboBOI Mporpamu HayKoBUX
pocnigeHb HAH YKpaiHun «Po3ymHi» ceHCOopHi npuna-
OM HOBOTrO MOKONIHHA Ha OCHOBI Cy4aCHUX maTepianiB Ta
TEXHOJIOTIN» Ta HayKoBO-AocNigHOT poboTtn: “Po3pobka
ekobesneyHux Ta biocymicHMX HaHomaTepianis biome-
OMYHOTO MpU3HAYeHHA” (LeprKaBHUIM peecTpaliiHui
Homep 0121U113443).

Bcryn.

HaHo4acTMHKKM MeTaniB akTMBHO NPUBEPTAOTb yBary
LOCNIAHWKIB WOAO iX 3aCTOCYBAHHA B CEHCOPHUX TEXHO-
NOrifX 3 METOH NOKPALLEHHA XapaKTEPUCTUK eNeKTpo-
Ais. Bigomo, Wwo HaHOYACTUHKM 30/10Ta € ePEKTUBHUMM
KaTasizaTopamm PisHOMaHITHUX eNeKTPOXiMIYHMX Mpo-
LeciB, ue obyMOBAIOE iX 3aCTOCYyBaHHA NPU CTBOPEHHI
amMmnepoMeTpUYHUX ceHcopiB. Mpu LbOMy ANA HaHOYac-
TUHOK METaNiB XapaKTEPHUM € BUPAXKEHUI «PO3MIPHUIA
edeKT» — 3a/IeXKHICTb XapaKTepy BNAMBY Ha GiosoriyHi
CUCTEMM BiZ PO3MIpY, LLO MOB’A3aHO i3 HaAMipHO no-

BEPXHEBOI EHEeprield HaHOYaCTMHOK, O0ByMOB/IEHO
HEe3KOMMEHCOBaHICTIO 3B’A3KiB NOBEPXHEBUX | NpUMo-
BEPXHEBUX aTOMIB, YaCTKA AKMUX ICTOTHO 3POCTAE i3 3MEH-
LUEHHAM PO3Mipy HaHOYaCTUHOK [1].

HaHouacTMHKM 3010Ta 3acTtocoBytoTb Yy bioceH-
COPHUX AOCNIAMKEHHAX OCKIIbKM BOHW MatOTb BMCOKY
AKTMBHICTb [0 OKWUCHEHHA i BiAHOB/NEHHA €eNeKTPOoaK-
TUBHUX MOJIEKY/I-PENOPTEpPIB, NMOCUNIOIOTL E/IeKTPOXi-
MiYHi CUTHAIM T CNPUAIOTD LWBUAKOMY NEepeHOoCy 3apaay
[2-5].

OTpMMaHHA eNEeKTPOAKTUBHMUX KOMNMIEKCIB HAHOYAC-
TUHOK MeTaniB 3 pepMeHTamMM € 3aNOPYKOH YCMiLIHOro
bGOpPMYBaHHA YYTINBOIO E€NEMEHTY €e/IeKTPOXiMiYHOTO
bioceHcopa Ha ix OCHOBI [6].

Merta gocnigKeHHs.

Br3HauyeHHA B3aeMoLii pepMeHTy IOKO300KNAA3M
3 HAHOYACTMHKaMM 30/10Ta LWAAXOM AOCAiAXKEHHA dop-
MYBAHHSA iX €/IeKTPOAKTUBHMX KOMMJIEKCIB.

06’eKT i meTOoAMU AOCNigKEHHA.

B po60oTi BMKOpMCTaHi 4OTMpPKM Npenapati HaHovac-
TUHOK 30/n0Ta chepunyHoi GopMK, PI3HUX AUCKPETHUX
po3mipis. lMpenapatm HaHoO4YaCTMHOK 30n0Ta N 1, 2
OTPMMaHI LWAAXOM BiAHOB/NEHHA 3010TOX/I0PUCTOBOA-
HEeBOI KMCNOTU TaHIHOM Y MPUCYTHOCTI KapboHaTy Kanito.
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Po3mipu TakuMx HaHOYACTMHOK 3010Ta ckaaganm: Ne 1 —
10 Hm, Ne 2 — 20 Hm. MpenapaT N2 3 cMHTE30BaHO Kap-
60OHATHO-UUTPATHUM METOAOM (LWNAXOM BiAHOBAEHHA
30/10TOX/IOPMCTOBOAHEBOI KUCIOTU LMTPATOM HaTpito y
NPUCYTHOCTI KapboHaTy Kanito), po3mip HaHOYACTUHOK
ctaHosuB 30 Hm. [TpenapaT HaHOYACTMHOK 30n10Ta Ne 4
OTPUMAM i3 3aCTOCYBaHHAM Y AKOCTI BigHOBHMKA LITAB
(ueTinTpumeTinamoHii 6pomig), po3mip HaHOYACTMHOK
cTaHoBMB 30 HM.

Y poboTi BUKOpUCTOBYBaAN GpepmeHTHUIA npenapat
rntoko3ooKkemaasm (F0) supobHuuTea AN «EH3MMm» (/1a-
OVXKUH, YKpaiHa), 1 r akoro mictutb 5000 oga,

[Ona oTpMMaHHA KOMNAEKCIB HAHOYACTMHOK MeTaniB
i3 r1IOKO300KCNAA3010 A0 5% depmeHTHOro npenapaty
[0AaBanun pi3Hi KOHLEHTpaLii HAHOYaCTMHOK 30/10Ta Y
KOHULEHTpauiiHomy aianasoHi 0,15-2,8 MKr/mn no me-
Tany. IHKy6auinHi cymiwi mictuam 0,5 mr depmeHTHOro
npenapaTy [MIOKO300KCUA4A3M Ta BiANOBIAHI KOHLEHTPa-
Lii HAHOYACTUHOK 30n10Ta. PeaKuito nposoanan y 20 MM
dochaTtHomy bydepHomy posunHi (pH 7,2).

EnektpodopeTnyHe posaineHHA KOMMIEKCiB HaHo-
YaCTMHOK 3 JOCAiAXYBaHUM GepMeHTOM MPOBOAMAM
y 5% araposHomy reni, B Tpic-6opaTHomy 6ydepHomy
PO34MHi HacTynHoro cknagy: 9mM Tpic-ocHoBu, 9IMM
6opHoi Kucnotu, 0,25 mM EATA, pH 8,3. bydep ana Ha-
HeceHHsA 3paskKiB cknagasca 3 126 mM Tpic-HCI (pH 6,8),
15% oikony, 4% popeunncynbdaty HaTtpito Ta 0,002%
6pomdeHony. Enektpodopes nposoaunu npu 8 °C.
Mepen npoBeAeHHAM enekTpodopesy B KOXKHY /YHKY
resito BHOCMAM cymi i3 5 mkn 6ydepy Ans HaHeCeHHA
Ta 20 MK JOCAiAXKYBAaHOrO 3pa3Ky KOMMJIEKCY [HOKO-
300KCMAa3n 3 HAHOYACTUHKaMu 3on0Ta. Enektpodopes
nposoguan npun 100 V 3 nocTynoBmMm MiABULLEHHAM Ha-
npyru Big, 50 V Ha cTaprTi.

Micna ABoOX roauH enektpodopesy y BKa3aHUX yMO-
Bax reab ¢papbysanmn 0.5%-m Kymacci 0-250 npoTtsarom 2
XBW/INH, peTesibHO NPOMMUBANN AUCTUbOBAHOK BOAOH
Ta Bi3yanisyBanu enektpodoperpamu 3a 3abapsaeHmmun
Y CUHII Koslip enekTpodopeTUyHnmm Tpekamm [7].

KaTanitTuuHy akTUBHICTb GepMeHTy npu B3aemogii 3
HAaHOYACTMHKaMW 30/10Ta AOCAIAXKYBaAM 3TiL4HO MeToaM-
Ku [8].

ENeKTPOHHO-MIKPOCKOMIYHI  AOCNIOXKEHHA KOHTaK-
THOT B3aEMOA|i MIOKO300KCKAA3M i3 HAHOYACTUHKaMMU
30/10Ta 34iMCHIOBAIM METOLOM TPAHCMICIMHOT eneKkTpo-
HHOT MiKkpockonii (JEM-1400, “JEOL”, AnoHia) y LeHTpi
KONIEKTUBHOTO KOPWUCTYBAaHHA HayKOBUMW MNpuaagamm
HAH YKpaiuu npu IHcTUTYTi Mikpobionorii i Bipyconorii
im. [.K. 3a6onotHoro HAH Ykpainu.

Pe3ynbTatu AocnigKeHHA Ta ix 06roBopeHHs.

B3aemogia rnoKo300KCMAAa3M 3 CUHTE30BaHUMM Ha-
HOYaACTMHKaMM 30/10Ta Pi3HOro po3mipy byna pocnigxke-
Ha MeToZaMM ONTUYHOI CMEeKTPOCKONIi, TPaHCMiCilMHOT
€/IeKTPOHHOI MiKpoCKonii Ta enekTpodopesy B arapos-
HOMY reni.

[MOKO300KCKMA4a3a BUCTYMAE KOMMOHEHTOM CEeHCop-
HUX enemeHTiB ¢pepmeHTHUX bBioceHcopiB A/1A BWU3Ha-
YEHHA [MIIOKO3U B KPOBi, 6iOTEXHONOTIYHMX BUPOBHMYMX
npougecax Towo [9]. MtoKko3ooKcuaasa — (B-D-ratokosa-
:oKcureH-1-okcmaopeayktasa; EC 1.1.2.3.4) katanisye
OKUCAEeHHA B-D-r1oKo3M 40 FHOKOHOBOT KMCNOTKU LWAA-
XOM BWMKOPWUCTAHHA MOJIEKYJIAPHOTO KUCHIO AK aKuen-
TOpa eNeKTPOHIB 3 O4HOYACHNUM YTBOPEHHAM NepPeKncy
BoAHto [10].

CuHTe3 Ta JOCNIAKEeHHA 301iB HAHOYACTUHOK meTa-
niB nepenbavae ix cTabiNbHICTb Y BydepHUX cuctema,
TPagMLUinHUX ana pobotn 3 pepmeHTamu. B aaHin po-
60Ti 6yB BUKOpUCTaHWn 20 MM docdaTtHuin Bydep, (pH
7,2). OaHi cnekTpodOTOMETPUYHUX AOCAIAKEHb HAHO-
YaCTMHOK 3acCBifYMAM, LLO HAHOYACTUHKM 30/10Ta YCiX
4yoTupbox npenapartis (NeNe 1-4) sanuwanuce cTabinb-
HUMW NpY AoAaBaHHiI B cuctemy 20 MM pocdaTHOro by-
depy.

IHKy6aLia HAHOYACTUHOK 30/10Ta YCiX AOCNIAMKEHMX
npenapatis N21-4 3 r1t0K0300KCUA03010 NPU3BOAMIA A0
YTBOPEHHA KOMMIeKCiB. Ha pUcyHKy 1 Ha npukaaai npe-
napaty Ne4 HagefeHi CNeKTpM MNOMMMHAHHA HaHo4ac-
TMHOK 30n0Ta po3mipom 30 HM y 20 mM docdaTHOMY
6ydepi Ta nicnAa KOHTAKTHOI B3AaEMOLIT 3 IIHOKO300KCK-
4asoto.

AK BUAHO 3 pUc.1 NiK CNeKTpy NorMnMHaHHA GepMeHTy
3 HAHOYACTMHKaMM 3MiLLLABCSA B AOBIrOXBU/1bOBY 061aCTb,
LLIO NiATBEPAXKYE YTBOPEHHA iX KOMMNEKCY.

3a AaHMMM TPAHCMICIMHOI eneKTPOHHOI MiKkpocKonii
ONA BKasaHoro suuie npenapaty Ned ¢ikcyBanu yTBo-
PEHHA KPUCTaNiYHUX CTPYKTYP i3 BUPAXKEHUMMU 3MiHaMM
po3mipy (puc. 2, B) NopiBHAHO i3 HATUBHMM NpPenapaTom
HaHOYaCTUHOK (puc. 2, A).

Pe3synbTaT gocnigKeHb A0O3BOAMAM BUABUTK 34aT-
HiCTb CMHTE30BaHMX HAHOYACTMHOK 30/10Ta YTBOPOBATH
€/1eKTPOAKTUBHI KOMM/IEKCK 3 IIFOKO300KCUAA30t0, NPU
LbOMY XapaKTep B3aEMOAIi Ta MOX/IMBICTb YTBOPEHHA
KOMMEKCY WAAXOM 3B’A3yBaHHA HAHOYACTUHOK 3 dep-
MEHTOM BUPAXKEHO 3a/1€XKaB Big, PO3Mipy YaCTUHOK.

OTpMMaHi pe3ynbTaTh y3rogxyrTbca i3 AaHUMU Ni-
Tepatypu [11], 3rigHO AKKUX NpuU YyTBOPEHHI KOMMIEKCIB
Mi>K HAHOYaCTMHKaMM 30/10Ta i [JIIOKO300KCMAa30H0 CMo-
cTepiraeTbca “06ropTaHHA” HaHOYACTUHOK GepMeEHTOM,
O MNPOABAAETLCA B iCTOTHUX MOPQPONOTIYHUX 3MiHAX
HAHOYACTUHOK NPWU eIeKTPOHHO-MiIKPOCKOMIYHWUX AOCi-
OXKEeHHAX.

EnekTpoxiMmiuHy B3aEMOLID KOMMAEKCIB [NHOKO30-
OKCMAA3N i3 CMHTE30BaHMMM HAHOYACTUHKaMM 30/10Ta
pi3HOro po3mipy 6yno AocnigXeHo MeToAoM enekTpo-
¢dopesy B araposHOMy reni — ABULLA NepemilleHHA Yac-
TMHOK gucnepcHoi ¢pa3u B gucnepcitHomy cepenoBuLLL
nig, i€t 30BHILWHBLOrO eNeKTPUYHOro nona. Taki Komn-
JIEKCM HAHOYACTMHOK 30/10Ta i3 [/IIOKO300KCMAAa30t0
npeacTtasfieHi y Tabauui 1.
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PucyHOK 1 — CneKkTpu NOrMHAHHA HAHOYACTUHOK 30n10Ta 30 HM (N2
4) y 20 mM docdaTtHomy 6ydepi (AUNP 4+dB) Ta nicna KOHTAKTHOI
B3aemogii 3 roKo3ooKecnaasoro (AuNP 4+GO).

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meanuunn — 2024 — Bun. 3 (174) / Bulletin of problems in biology and medicine — 2024 - Issue 3 (174)

337



HAHOMEAULUUHA TA HAHOTEXHONOTIT / NANOMEDICINE AND NANOTECHNOLOGY

I RE

A
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PUCYHOK 2 — ENeKTPOHHO-MIKPOCKONiYHi AOCAiAKEHHA HAHOYACTUHOK 30/10Ta cepeAHboro po3mipy 30 Hm y 20 MM dochatHomy Gydepi (A)
Ta NicaA KOHTAKTHOT B3aemogii 3 rioko3ooKcuaasoio (B).

CTBOpEHi KOMNAEKCU HAHOYACTUHOK MeTanis 3 rto-
KO300KCUAa30t0 NepeBipaIn Ha iX eIeKTPOAKTUBHICTb Ta
BM3HA4a/IM ONTUMasIbHi KOHLEHTPaUiliHi cniBBigHOLWEH-
HA AOCNIAXKYBAHUX HAHOYACTUHOK | bepMeHTy.

Ha puc. 3 HaBeaeHa enekTpodoperpama raHOKO30-
OKCMAA3UN, MapKepHUX BifikiB Ta ePeKTUBHUX KOMMNEK-
CiB HAHOYACTMHOK 30/10Ta i3 bepMmeHTOM.

BcTaHOBNEHO, WO BUXIAHWUIA GEPMEHT rIIOKO300KCH-
nasa (puc. 3, gopirkka 8) pyxaeTbca B arapo3HoOMy resi
3 MEHLUOK LWBWUAKICTIO, HiXK YCi OTPMMaHi Komnaekcu
HAaHOYaCTUHOK 30/10Ta i3 ¢pepmeHTOM (puUc. 3, AOpPiXK-
KM 3-7). | xoua Bara HaTMBHOIO GEPMEHTY € MEHLLOIO,
Hi’>K KOMMJIEKCIB HAHOYACTUHOK 30/10Ta i3 pepmeHTOM,
eneKkTpopopeTMyHa pyxamBicTb Moro 6yna MeHLoto.
OuyeBMAHO, PO3AiNEHHA Pi3HMX KOMMNAEKCIB HAHOYaCTH-
HOK 30/10Ta i3 [IIOKO300KCUAA300 B arapo3HoOMYy reni
3a/1€XKMTb HEe TiIbKW Big, Barv KOMMNJEKCY, ane i Big iHwunx
0cobAnBOCTEN, 30KpEMa 3apsaLy HAHOYACTUHOK 30/10Ta.
MorKHa nNpunycTuTK, WO FIHOKO300KCHaa3a y chopmo-
BaHWX KOMMJIEKCAX i3 Pi3HMMM KOHLEHTpPALAMM HaHO-
YaCTUHOK 30/10Ta HE HEUTPAII3YE iX eNEeKTPOKIHETUUYHNI
noTeHLuian.

Tabnunua 1 — EKcnepumeHTanbHi KOMNIeKCH
HAaHOYACTUHOK MeTanNiB i3 IMIKO300KCM[a3010

KoHueHTpaLia HAHOYaCTUHOK
Tun Komnaekcy
MeTany, MKr/Mma no metany

0,15

TNoKO300KCMAa3a-npenapar 0,39
HaHOYacTMHOK 3010Ta Nel 0,45
2,80

0,15

TNOKO300KCMAa3a- npenapar 0,20
HaHOYACTMHOK 30/10Ta No2 0,25
0,95

0,20

TNoKO300KCMAa3a-npenapar 0,40
HaHOYaCTMHOK 30/10Ta No3 0,60
1,90

0,15

[NIoKO300KCMAa3a-npenapar 0,39
HaHOYaCTMHOK 30/10Ta Ned 0,45
2,80

TakKMM YMHOM, KOHUEHTpALii HAHOYAaCTMHOK 30/10Ta,
npeacTaBfeHi y Tabauui 2, BUABUAUCA ONTUMANbHUMMU
O YTBOPEHHA €/1eKTPOAKTUBHUX KOMMJIEKCIB 3 [/1HOKO-
300KCKAa3010.

Micna gocnigeHHA enekTpodopPeTUUYHOT PYXAUBOCTI
aHani3yBanu KaTaniTMYHy aKTUBHICTb KOMMAEKCIB, HaBe-
neHnx y Tabnuui 2.

PucyHok 3 — Enektpodoperpama KomnieKciB HAHOYACTUHOK 30/10Ta
i3 rnoKo3ookeugasoio (F0): 2 — mapKkepHuii 6inoK Kypsauoro iy, 3
— KOMMIEKC HaHOYaCTMHOK 3010Ta npenapaty Ne 1 (0,15 mkr/mn no
metany) 3 M0, 4 — KoMNaeKC HAHOYACTUHOK 30/10Ta npenapary Ne 2
(0,39 mKr/mn no metany) 3 IO, 5 — KOMNAEKC HAHOYACTMHOK 30/10Ta
npenapary Ne 3 (0,20 mkr/mn no metany) 3 0, 6 — KOMNAEKC HaHO-
4acTMHOK 30s10Ta npenapaty Ne 3 (0,39 mkr/mn no metany) 3 IO,
7 — KOMNJIEKC HAHOYaCTUHOK 30n0Ta npenapaty Ne 4 (0,45 mkr/mn
no metany) 30, 8 - 10O, 9 — mapkep — BCA.
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By/fio NOKasaHo CcTMmyAALito 6inbl HixX Ha 50% ak-
TUBHOCTI [IIOKO300KCUAA3uM Nig BNMBOM AOCNIAKEHUX
HaHOYaCTMHOK 30N0Ta.

3 paHuX NiTepaTypu BiAOMO, WO NPAME NepeHeceHHsA
e/1eKTPOHIB MiX pepmeHTamM i NOBEPXHED eNeKTpoais
€ BaXK/IMBUM AN CTBOPEHHA edpeKTUBHMX BiOCEHCOPHMX
depmeHTHUX cucTem [12]. MpeacTaBneHi pesynbTatu
JOCNiAXeHb CBigYaTb, L0 HAHOYACTMHKM 30/10Ta Pi3HO-
ro po3mipy Ta Pi3HMX KOHLLeHTpaLii, popmytoun enek-
TPOAKTUBHI KOMMJIEKCH, MOXKYTb MiACUNOBATU ePeKTUB-
HiCTb NMPAMOrO MepeHoCy eNeKTPOHIB MiX depmeHTOM
IIIOKO300KCMa3010 Ta €1eKTPOAAMM.

Tabnnua 2 — ONTMManbHi KOHLEHTPaL,il

Ha INIOKO300KCMAa3y, WO NPOoABAANOCA Y MOPdONoriy-
HMX 3MiHaX HAHOYACTUHOK 30/10Ta, 3MiHi enekTpodope-
TUYHOI PYX/IMBOCTI KOMMJIEKCIB Ta MiABULLEHHI aKTMB-
HOCTi T/1IOKO300KCMAa3n. EneKkTpoakTMBHI Komnnekcu
O 3 HaHOYaCTMHKaMWM 30/710Ta MOXKHA TPaKTyBaTU fK
6iokoH’toratn [13], AKi € NepcnekTMBHMMM MO BUAB/E-
HWX 3aKOHOMIPHOCTAX i MOXYTb OYTUM BUKOPUCTaHI MNpu
KOHCTPYIOBaHHI eN1eKTPOoXiMiYHNX GepMEeHTHUX CEHCOpIB
ONA NiABULLLEHHA X eEKTUBHOCTI.

BuUCHOBKM.

1. JocnigxeHa KOHTAKTHA B3AEMOAIA MHOKO300KCU-
[3a31 3 HAaHOYACTMHKAaMM 30/10Ta Pi3HOrO pPo3mipy Ta
BCTAaHOB/IEHA 3A4aTHICTb TaKMX HAHOYACTUHOK Y MEBHMUX

HaHOYaCTUHOK 30/10Ta 411 YTBOPEHHA
€/1eKTPOAKTUBHUX KOMIJIEKCIB INTIOKO300KCMAA3MN
3 HAHOYAaCTUHKaM# 30/10Ta

KOHLLeHTPALiAX YTBOPHOBATU €NEKTPOAKTUBHI KOMMIEK-
CM1 3 JIIOKO300KCMAAa3010.
2. BCTAaHOBNIEHO CTUMYAALLiIKO KaTaNiTUMHOT aKTUBHOC-

KOHUEHTPALisl HAHOYACTUHOK MeTay Ti TIIOKO300KCMAA3M Y eNeKTPOAKTUBHUX KOMMJIEeKcax
Tun Komnnekcy ( bepmeHT 5 i
MKI/MA no Me-rany) o] Y 3 HAHOYAaCTUHKaMM 30/10Ta NeBHUX KOHUEH
TN0KO300KCHAa3a- 0,15 Tpaun. . '
npenapat AuNP Ne1l 0.20 3. NokasaHa epeKTUBHICTb AOCNIAKEHb eNeKTpoaK-
[MI0K0300KCUAA3a- 0.39 TUBHUX KOMMJIEKCIB GepMeHTIB 3 HAHOYACTUHKaMK Me-
npenapat AuNP Ne2 045 Tanis MeToAoM efleKTpodopesy B arapo3HOMY resii ana
[M110K0300KCHAa3a 0'20 PO3PO6KM CEHCOPHUX €N1EMEHTIB eNeKTpoXiMmiuHux bio-
npenapat AuNP Ne3 0,39 CeHcopis. .
[NIOKO300KCHAa3a- MepcnekTMBM NOAANbLUNX AOCAIAMXKEHD.
npenapat AuNP Ne4 0,45 MpoBeaeHi focnigKeHHA BiAKPUBaAOTb NEPCMNEKTUBY

KOHCTPYIOBAHHA i CTBOPEHHA NabopaTopHMX NPOTOTMNIB
eNeKTPOXIMIYHUX pepMEHTHUX CEHCOPIB 3 BUKOPUCTAH-
HAM HaHOYaCTUHOK 30/10Ta.

OTxKe, y npoBeaeHnx ,EI,OCJ'Ii,CI,H(eHHHX NOKa3aHoO BN/nB
HAHOYACTUHOK 30/10Ta B AOCANIAKEHUX KOHLEHTpALiAX
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ENEKTPOAKTUBHI KOMNMEKCU IMIOKO30OKCUAA3U 3 HAHOYACTUHKAMM 30/10TA ANA PO3POBKU DEP-
MEHTHUX CEHCOPHUX ENEMEHTIB ENEKTPOXIMIYHUX BIOCEHCOPIB

Ounbkosa C. M., Pe3HiueHKko /1. C., Tpy3iHa T. I.

Pestome. HaHOYaCTUHKM 30/10Ta MOXKYTb BUCTYNaTK KaTali3aaTopaMu PisHOMAHITHUX €1eKTPOXiMIYHMX MPOLECiB,
Wo obyMOBAIOE iX 3aCTOCYBAHHA MPU KOHCTPYIOBAHHI eneKTpoXiMiuHUX BioceHcopis. Mpu cTBOPEHHI GepMeHTHMX
6ioceHcopiB HAHOYACTMHKM 30/10Ta MOXKYTb NiJBULLYBATW YYTIMBICTb CEHCOPHUX NPUCTPOIB. JOCAiAKEHHA MOXAN-
BOCTi GOPMYyBaHHA €/1eKTPOAKTUBHUX KOMIMJIEKCIB HAHOYACTUHOK 3 GepMeHTAMM € BAXKIMBUM NPU KOHCTPYIOBaHHI
eNeKTPOXiMiYHUX ceHcopiB. MeToto pob0oTh Byn0 BUBYEHHA B3aEMOAT PEPMEHTY [TIOKO300KCMAA3M 3 HAHOYACTUH-
KaMu 30/10Ta Npu GOPMYBaHHI iX eN1eKTPOaKTUBHMX KOMMeKciB. Y poboTi 3acTOCOBYBaM CNEKTPOCKONIYHI, enek-
TPOHHO-MIKPOCKOMiYHi, enektpodopeTnyHi Ta bioximiuHi meTogu. MoKasaHo, WO HAHOYACTUHKM 30/10Ta YTBOPHOKOTb
€/1eKTPOAKTUBHI KOMMJIEKCH 3 I/TIOKO300KCMAA3010, NP LIbOMY XapaKTep B3aEMOZAIT Ta MOXK/IMBICTb yTBOPEHHA KOMM-
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JIEKCY LWNAXOM 3B’A3YBaHHA HAHOYACTMHOK 3 GEPMEHTOM BUPANKEHO 3aNEXUTb Big, pO3Mipy YacTUHOK. [ocnigxeHo
KOHTaKTHY B33aEMOZII0 ITIOKO300KCMAA3M 3 HAHOYACTMHKaMKM 30/10Ta Pi3HOro po3mipy Ta BCTAHOB/IEHO 34aTHICTb
TAKMX HAaHOYACTMHOK Yy MEBHWUX KOHLEHTPALIAX YTBOPKOBATU €/1€KTPOAKTMBHI KOMMIEKCH 3 [/IIOKO300KCMAa30H0.
BCTaHOBNEHO CTUMYIALiIO KaTalITUYHOT aKTUBHOCTI IIOKO300KCUAA3M Y €/IEKTPOAKTUBHUX KOMMIEKCax GepMeHTY 3
HaHOYaCTMHKAMM 30/10Ta NEBHUX KOHLEHTPALil. MoKa3aHa epeKTUBHICTb AOCNIAXKEHD €N1EKTPOAKTUBHUX KOMM/IEK-
CiB pepMeHTiB 3 HAHOYACTUHKaMM 30/10Ta METOA0M efleKTpodopesy B arapo3HOMY rei AnsA po3pobKM CEHCOPHUX
e/IeMEeHTIB e/IeKTPOXiMi4HMX BioceHcopi..

Kntouosi cnoBa: depmeHTHi BioceHcopu, IMIOKO300KCMAa3a, HAHOYACTUHKM 30/10Ta, €/1eKTPOAKTUBHI KOMMNIEK-
cun, enektpodopes.

ELECTROACTIVE COMPLEXES OF GLUCOSE OXIDASE WITH GOLD NANOPARTICLES FOR THE DEVELOPMENT OF
ENZYMATIC SENSOR ELEMENTS OF ELECTROCHEMICAL BIOSENSORS

Dybkova S. M., Rieznichenko L. S., Gruzina T. G.

Abstract. Gold nanoparticles can act as catalysts for various electrochemical processes. It determines their use in
the creation of electrochemical biosensors. When creating enzyme biosensors, gold nanoparticles can increase the
sensitivity of sensor devices. The study of the possibility of forming electroactive complexes of nanoparticles with
enzymes isimportant in the design of electrochemical sensors. The purpose of this work was to study the interaction
of the glucose oxidase enzyme with gold nanoparticles by studying the formation of their electroactive complexes.
Spectroscopic, electron microscopic, electrophoretic and biochemical methods were used in the work. It was shown
that gold nanoparticles form electroactive complexes with glucose oxidase, and the nature of the interaction and
the possibility of complex formation by binding nanoparticles to the enzyme strongly depend on the size of the
particles. The interaction of glucose oxidase with gold nanoparticles of different sizes was studied and the ability of
such nanoparticles to form electroactive complexes with glucose oxidase at certain concentrations was established.
Stimulation of the catalytic activity of glucose oxidase in electroactive complexes of the enzyme with gold nanopar-
ticles of certain concentrations was revealed. The efficiency of studies of electroactive complexes of enzymes with
gold nanoparticles by the method of electrophoresis in agarose gel for the development of sensor elements of
electrochemical biosensors is shown.

Key words: enzyme biosensors, glucose oxidase, gold nanoparticles, electroactive complexes, electrophoresis.
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