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Introduction

Aim. To develop an amperometric biosensor based on glucose oxidase (1.1.3.4) from Aspergillus
niger immobilized in the I'NPs/Ludox/GOx matrix for glucose detection. Methods. To achieve
a highly selective and sensitive glucose detection, the enzymatic membrane was functionalized
with Ir nanoparticles (IrNPs) and silica composite Ludox. The enzymatic selective layer was
formed on the surface of a platinum disk electrode using immobilization in glutaraldehyde vapor.
Results. The voltamperometric characteristics of the transducers with modified IrNPs/Ludox/
GOx matrix were studied. Enzyme immobilization on the surface of amperometric transducers
was optimized to perform sample analysis. Modified transducers improved biosensor sensitivity.
The analytical characteristics of amperometric transducer were determined: detection limit is
0.1 uM (s/n = 3), linear working range is 0.05-3.2 mM, sensitivity is 106 mA x M- x cm=2.
Conclusions. Application of the matrix modified with Ir nanoparticles and silica composite Ludox
was investigated for the amperometric glucose biosensor as the most studied model of biosen-
sors. A significant increase in the biosensor sensitivity was obtained using the new approach of
glucose oxidase immobilization; therefore application of the matrix modified with mesoporous
silica composite and nanometals opens new possibilities to obtain a bioselective membrane of
high sensitivity and stability at the development of new electrochemical biosensors.
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monitoring, fuel cells). Among a large variety
of reported approaches, the electrochemical

Glucose detection is of great importance due to  methods for glucose determination are the most
its wide application in many areas (food pro- popular, because of their portability, high sen-
cessing, clinical diagnostics, environmental —sitivity, selectivity, and low cost [I1].
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Electrochemical glucose sensors are usually
based on enzyme glucose oxidase (GOx) [2].
The GOx-based sensors exhibit high sensitivity
and selectivity for glucose being rather a stable
enzyme . However, most enzymes are very
unstable and require complicated immobiliza-
tion procedures to exhibit good performance
and stability during storage. Moreover, the sens-
ing abilities of biosensors are affected by pH,
temperature and interfering agents such as
ascorbic acid, heavy metals, etc. [3]. As a result,
increasing attempts have been undertaken to
improve the performance of glucose enzymatic
sensors using new immobilization methods for
GOx and new materials, such as nanoparticles
of noble metals, alloys, oxides (NiO, CuO,
Cu,0, Co;0,4, MnO,, ZnO), and the composites
with carbon nanotube or graphene.[4—7].

Mesoporous silicon dioxide (MPSs) is
promising as an immobilization matrix due to
its mechanical, thermal, chemical stability and
large surface area.

A considerable drawback of MPSs is its low
conductivity, but the use of platinum group
metal nanoparticles can overcome [9, 10].
Additionally, the biocompatible nanoparticles
of palladium group metals can help to maintain
the activity and stability of the immobilized
enzyme [8].

Thus, on the basis of results obtained with the
GOx biosensor we propose the usage of the
IrNPs/Ludox/enzyme matrix for the development
of highly efficient amperometric biosensors.

Materials and Methods

Materials

Glucose oxidase (1.1.3.4) from Aspergillus ni-
ger with activity of 108 U/mg, iridium atomic
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adsorption standard solution in 10 % HCI
(IrNPs) and Ludox HS-40 colloidal silica were
from “Sigma” (Germany); 99 % ethanol was
from “Fluka” (Germany); bovine serum albu-
min (BSA) and 25 % aqueous solution of glu-
taraldehyde (GA) were from “Sigma-Aldrich
Chimie S.a.r.l.” (France); D-glucose,
Na,HPO,-7H,0 and KH,PO,-H,0O were from
“helicon” (Russia); 3 % solution of hydrogen
peroxide was from “Fargomed” Ltd. (Teteriv,
Kiev region, Ukraine); Na,SO,-10H,O was
from Mikhailovsky chemical reagent factory
(Russia). All chemicals were of analytical grade.

The scheme of measuring setup

Amperometric measurements were carried out
in 3 ml electrochemical cell at a constant po-
tential using the potentiostat/galvanostat
PalmSens and multichannel multiplexer of
Palm Instruments BV (Netherlands) production
controlled by the PalmSens PC programme.
All electrochemical experiments were per-
formed using a conventional three-electrode
system with the 0.5mm platinum disk working
electrode, platinum auxiliary and Ag/AgCl
reference electrodes [11]. The electrodes were
previously tested with regard to their reproduc-
ibility and reliability. The cyclic voltamperom-
etry in the potential range of 0—1000 mV
(speed of potentil involute 50 mV/s) was used.
The experiment was carried out in 0.1 M phos-
phate buffer, pH 7.2.

Procedur of functionalization of the am-
perometric transducer surface by IrNPs/
Ludox/GOx matrix immobilised in glu-
taraldehyde vapour

To form the bioselective membrane, we mixed
0.025 % Ludox solution with IrNPs in the
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ratio of 1:25 in an ultrasonic bath for 30 min.
The obtained mixture was then stirred with
10 % GOx solution in the ratio of 1:1. A drop
of the obtained solution was deposited onto
the surface of working electrodes, which were
next placed for 10 min into a crystallizer with
the atmosphere of saturated glutaraldehyde
vapor at room temperature and then was air
dried for 10 min.

Procedure of measuring substrates in
model solutions

The measurements were performed in 3 ml of
100 mM phosphate buffer, pH 7.2, at room
temperature in an open vessel with intensive
stirring. Before operation, the transducers were
kept for a while in the buffer solution until the
stable signal (baseline) was obtained. The glu-
cose concentration was changed by adding
certain aliquots of stock solution. After each
measurement, the biosensor was placed into
the buffer solution for 3 min to wash from the
substrate residues.

Statistics

Statistical package Microsoft Excel 10 was
used for statistical analysis of the results, the
average values and standard deviations were
calculated; the results were considered as reli-
able at p < 0.05.

Results and Discussion

Using nanoparticles at immobilization pro-
vides freer enzyme orientation. The combina-
tion of nanoparticles with polymers offers an
additional pathway, thus facilitating the elec-
tron transfer, which increases the biosensor
sensitivity to an analyte. This can be explained
by the interaction of electrons in dr orbitals of

metal centers and in w or w* orbitals of the
conjugated polymer [12].

The proposed method of immobilization pro-
duced a three-dimensional matrix in which the
enzyme is trapped. Thus, the biomolecule is
maintained on the electrode surface and the elec-
trical communication between the recognition
element and the electrode surface is provided.

Electrochemical characteristics of am-
perometric transducer

Platinum electrodes with IrNPs as a modifica-
tion of the electrode surface were tested re-
garding reproducibility and reliability of the
results. Cyclic voltamperometry was used.
Experiments were carried out in 0.1 M phos-
phate buffer, pH 7.2, in the potential range of
0-1000 mV (see Fig. 1) (scan rate was
50 mV/s). The data obtained were compared
with the results obtained for the sensors with-
out modification.

Next step was to confirm our suggestion
about an increase of the biosensor response as
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Fig. 1. Cyclic voltamperometry for platinum electrode,
1 — response before modification with IrNPs/Ludox, 2 —
response after modification with IrNPs/Ludox. Measure-
ment was carried out in 100mM phosphate buffer, pH 7.2
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a result of the electrode modification with
IrNPs/Ludox/GOx matrix. The results shown
in Fig 2 demonstrate the improvement of ana-
lytical characteristics of the created biosensor.

The optimized biosensor had the following
characteristics: linear working range of glucose
determination is 0.05+3.2 mM, sensitivity
106 mA * M-! « cm 2, detection limit 0.1 uM
(s/m=3).

Investigation of dependence of biosen-
sor response on concentration of back-
ground electrolyte and buffer solution

The basic working characteristics of biosensors
depend on environment, in which the experi-
ments are conducted. As blood, sweat and
beverages may contain salt in different con-
centrations it was necessary to examine an
effect of buffer capacity and ionic strength on
the biosensor performance. The dependence
of biosensor response on ionic strength and
buffer concentration is shown in Fig. 3.

As seen, the solution ionic strength and
buffer capacity slightly affect a response value
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Fig. 2. Dependence of response of amperometric glucose
biosensor on : 1 — modified with IrNPs/Ludox/GOx ma-
trix matrix and 2 — without modification. Measurement
was carried out in 100mM phosphate buffer, pH 7.2 at
potential of +0.7 V versus reference electrode.

of the developed amperometric biosensor, thus
it can be used to analyse real samples of bio-
logical fluids.

pH effect on biosensor operation

It is known that the speed of enzymatic reac-
tions in homogenous solutions strongly de-
pends on pH value. It is due to the fact that all
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Fig. 3. Dependence of response of amperometric glucose biosensor modified with IrNPs/Ludox/GOx matrix on con-
centration @ — of background electrolyte in 100 mM phosphate buffer, pH 7.2; b — of buffer solution, pH 7.2, at

potential of +0.7 V versus reference electrode.
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the protein functional groups capable of pro-
tonation/deprotonation (depending on the solu-
tion pH) take part in the catalysis whereas only
one of these forms is active. Noteworthy, ac-
cording to the producer, pH optimum for native
GOx is 6.5.

We showed (Fig. 4) that optimum working
pH of amperometric glucose biosensor modi-
fied with IrNPs/Ludox matrix is 6.7, which is
close to the native enzyme. Therefore, pH 6.7
was taken as an optimal value for the biosen-
sor operation.

Biosensor stability

The research of biosensor stability showed that
after operation during 20 days the sensor re-
tained 65 % of its activity towards GOx, which
ensures reliable measurements. (see Fig. 5).

The calibration curve of the amperometric
glucose biosensor modified with IrNPs/Ludox/
GOx matrix developed for glucose determina-
tion (Fig. 6) was obtained under the optimal
working conditions.
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Fig. 4. Dependence of responses of amperometric glucose
biosensor modified with IrNPs/Ludox/GOx matrix on pH.
Measurements were carried out in 100 mM phosphate
buffer, at potential of +0.7 V versus reference electrode.

As seen, the optimized biosensor has the
following characteristics: linear working range
of glucose determination is 0.05+3.2 mM,
sensitivity 106 mA « M-! « cm2, detection
limit 0.1 uM (s/n = 3). The response time is 5s.

Conclusion

The performed research resulted in the im-
provement of the glucose biosensor, selected
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Fig. 5. Stability of amperometric glucose biosensor mod-

ified with IrNPs/Ludox/GOx matrix. Measurement at po-

tential +0.7 V versus intrinsic reference electrode. Sto-

ring at +4°C. Substrate concentration 0.8 mM
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Fig. 6. Calibration curve of amperometric glucose biosensor

modified with IrNPs/Ludox/GOx matrix. Measurements

were carried out in 100 mM phosphate buffer, pH 6.7, at po-

tential of +0.7 V versus intrinsic reference electrode.
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as a model for our research, sensitivity and
selectivity due to the functionalization of am-
perometric transducer with mesoporous silica
composite and IrNPs. The analytical character-
istics of the developed biosensor based on
platinum amperometric electrodes were stud-
ied; a slight effect of the environmental condi-
tions on its activity was found. A high repro-
ducibility of the results and a good storage
stability were shown. The method of the en-
zyme immobilization on the surface of ampero-
metric transducers was optimized to meet the
conditions of functioning in real samples. An
increase of the biosensor sensitivity by 5 times
compared to the electrode without modification
with [rNPs/Ludox/GOx matrix was shown.

The biosensor demonstrated the fast response
(5s), high sensitivity and selectivity, linear
working range of glucose determination
0.05+3.2 mM, sensitivity 106 mA * M1 e cm 2,
detection limit 0.1 uM (s/n = 3).

Using the matrix of mesoporous silica com-
posite and nanometals opens new possibilities
for the enzyme immobilization and the devel-
opment of new electrochemical biosensors.
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AMInepoMeTpUYHM IIIOKO3HUI 6ioceHcop
3 IrNPs/Ludox monugikoBanoi ¢gepMeHTHOIO
MaTpHulelo

JI. B. llIkoroBa, I. M. Bonomuna, B. B. KoBanbuyk,
M. T. XKubak, C. B. [I3saeBru

Meta. Po3poOuTtn amriepomerpuyHuii OioceHcop Ha
OCHOBI iIMMOO1TI30BaHOi mTrOK0300KcHuaazu (1.1.3.4) 3
Aspergillus niger, immo0imizoBanii B Marpurli [rNPs/
Ludox/GOx, [u1st BUSIBIICHHS TIIFOKO3H B pEaJIbHUX PiJiU-
Hax. Metoau. J{71s1 OTpMaHHs BUCOKOCEJIEKTHBHOTO Ta
YyTIIMBOTO BU3HAUCHHS KOHIIEHTPALI] IIIFOKO3H (hepMEeHT-
Ha MeMOpaHa Oysia (h)yHKITIOHATI30BaHa HAHOYACTHHKAMHU
Ir (I'NP) Tta kpemuieBum xkommo3utoMm Ludox.
DepMeHTHHI CETICKTUBHUI map OyB YTBOPEHHI Ha I1O-
BEpPXHI MJIATMHOBOTO JMCKOBOTO EJIEKTPOIY HUISIXOM
iMMOOiTi3alii B Mmapax IJIyTapoBOrO ajbIaeTimy.
Pe3yabrarn. BuBueHo BojasTaMIiepoMeTpHYHI Xapakre-
PHUCTHKH TIEPETBOPIOBAYiB, MOIU(IKOBAHUX MATPHUIICIO
IrNPs/Ludox/GOx, gociimkeHo ix pooory. OnTHMi30BaHO
MeToJ I iIMMOOLTI3aIlii (PepMEHTY Ha TTOBEPXHIO aMIIepoO-
METPUYHHX TNEPETBOPIOBAYIB JUIsI MOXKIIMBOCTI ITpOBeE-
JIEHHS aHANI3IB B peajdbHUX 3pa3kax. [Ipu mopiBHAHHI
poboTH HeMOIU(IKOBAHUX Ta MOAN(DIKOBAaHUX MEPETBO-
PproBadiB, OKa3aHO MOJIIIIEHHS Yy TJIMBOCTI OioceHcopa.
JlochimkeHo aHANITHYHI XapaKTepUCTUKH aMIIepoMe-
TPUYHHUX MEPETBOPIOBaYiB: Mexa BusiieHHss — 0,1 MkM
(s/n = 3), nminiitHul podbounii aiamazon — 0,05-3,2 MM,
gyTuBicth — 106 MA X M1 X cm 2. BUCHOBKH.
Po3pobnenuii 6ioceHcop MPOIEeMOHCTPYBaB BUCOKY UyT-
JIMBICTH Ta MOXe OyTH BUKOPUCTAHUH y TOAAJIBIINX
eKCIIEpUMEHTAaX 3 peaIbHUMHM 3pa3KaMu. 3aCTOCYBaHHS
MaTpHIli, MOIH(}iKOBaHOI KPEMHIEBUM KOMIIO3UTOM Ta
HaHOMETaJIaMH, BIIKPHBAE HOBI MOYKIIUBOCTI JJIsl iMMO-
Oinizanii pepMeHTIB IpH po3poOIll HOBUX €IEKTPOXiMid-
HUX 0i0CEHCOPIB.

Kaw4uoBi caoBa: amnepoMerpuyHuii 6ioceHcop,
Ir HAaHOYACTUHKH, KPEMHIll, [TTFOKO300KCHIa3a

AMIniepoMeTpUYecKHi IVIIOKO3HBIN OHOCEHCOop
¢ IrNPs/Ludox MmoaudpuuupoBaHHoi ¢pepmMeHTHOM
MaTpuuen

JI. B. llIkoroBa, 1. H. Bonomuna, B. B. KoBanbuyk,
M. T. XKubak, C. B. JI3sneBuu

Heas. Pa3paborars 6GroceHCOp HAa OCHOBE TIIFOKO300KCH-
nassel (1.1.3.4) u3 Aspergillus niger, AMMOOUITM30BaHHOMN
B Marpure ['NPs/Ludox/GOX, ayst orpeie/ieHrs TITFOKO3bI
B pealIbHbIX JKUIKOCTAX. MeToabl. [JJIs1 moaydeHus BbICO-
KOCEJIEKTUBHOIO M YyBCTBUTEIILHOTO OIPEIESICHUS] KOH-
LIEHTPALIUH TIIFOKO3BI (pepMeHTHAs MeMOpaHa ObuIa (hyHK-
nuoHanu3uposana HaHodacturiamu Ir (IrNP) u xpemane-
BbIM Komrto3uToM Ludox. depMeHTHBII CeTeKTUBHBIN CIIOH
ObLT 00pa30BaH HA MOBEPXHOCTH IIATHHOBOTO IUCKOBOTO
AMIEKTPOa MyTeM UMMOOWIN3AINY B Mapax NIyTapoBOIO
anpaeruna. Pesyiabrarsl. 3ydeHs! BorsaMnepoMeTpude-
CKHE XapaKTePUCTUKH MpeodpasoBareieii, MoanupHIupo-
BaHHbIX Matpulieii [rNPs/Ludox/GOx, uccrienoBana ux
pabota. OITEMU3UPOBAH METONT UMMOOIITH3AINH (hepMEeH-
Ta Ha TIOBEPXHOCTh aMIIEPOMETPUUECKHX ITpeoOpasoBare-
JIel 77151 BO3MOXKHOCTH TTPOBE/ICHNS aHATM30B B PEATbHBIX
obpasrax. [Ipu cpaBHeHNN PaOOTHI HEMOAUDHUITMPOBAHHBIX
1 MOZAM(UIIMPOBAHHBIX MPe0Opa3oBarenei, MoKa3aHo yiyy-
IIIEHUE TyBCTBUTEILHOCTH OnoceHcopa. VceinenoBaHsl
AHAIMTHYECKUE XapaKTEPUCTUKH aMIIEPOMETPHUCCKUX
npeoOpazoBarereii: mpenen ooHapyx)erus — 0,1 Mkm
(s/n = 3), nuuelinbi padounii auamazon — 0,05-3,2 M,
9yBCTBUTENIBHOCTE — 106 MA x M~ X cM2. BbIBOIBI.
PazpaboTaHHBIiT GHOCEHCOpP MOKa3al BBICOKYIO YyBCTBHU-
TEJIILHOCTh U MOXKET OBITh MCIIOJIb30BAaH B JAIbHEHUIIINX
9KCIIEpPHMEHTaxX ¢ peajbHbIMH oOpasuamu. [Ipumenenue
MaTpHIbl, MOIU(DUIMPOBAHHON KPEMHHEBBIM KOMITO3HTOM
Y HAaHOMETAJUIAMH, OTKPBIBACT HOBBIC BO3MOYKHOCTH IS
“MMOOIITH3AIH (hepPMEHTOB TP Pa3pabOTKe HOBBIX AJICK-
TPOXUMHUYECKHX OHOCEHCOPOB.

Kaw4ueBbie ¢J10Ba: aMIepOMETHPHYECCKII OMOCEH-
cop, Ir HaHOYACTHIIBI, KPEMHUH, TITIOKO300KCHIa3a
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