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Aim. Improvement of analytical characteristics of an enzyme biosensor based on new inexpensive perspective

stainless steel electrodes using silicalite nanoparticles. Methods. Conductometric enzyme biosensor was used.

Results. Three methods of glucose oxidase (GOx) immobilization were studied and compared: GOx adsorption

on silicalite modified electrodes (GOx-SME); cross-linking by glutaraldehyde without silicalite (GOx-GA); GOx

adsorption on SME along with cross-linking by glutaraldehyde (GOx-SME-GA). The GOx-SME-GA biosensors

based on stainless steel electrodes were characterized by 12–25-fold higher sensitivity comparing with other bio-

sensors. The developed GOx-SME-GA biosensors were characterized by good reproducibility of glucose biosen-

sors construction (relative standard deviation (RSD) – 18 %), improved signal reproducibility (RSD of glucose de-

termination was 7 %) and good storage stability (29 % loss of activity after 18 days). Conclusions. The method of

enzyme immobilization using silicalite together with GA cross-linking sufficiently enhances the enzyme adsorp-

tion on the stainless steel electrodes and improves the analytical parameters of biosensors. This method is found to

be promising for further creation of other enzyme biosensors.

Keywords: enzyme immobilization, silicalite, glucose oxidase, conductometric transducer, biosensor.

Introduction. Nowadays the enzyme adsorption on so-

lid surfaces is widely used in many fields, which are ge-

nerally referred to biotechnology, environmental scien-

ce/engineering, biomedicine, microbial synthesis; in

particular, it plays a key role in biosensors production.

Physical adsorption on a certain carrier is the oldest and

the simplest method of enzyme immobilization. Enzy-

me adsorption usually implies neither additional che-

mical reagents nor activation; therefore, this is the least

denaturing method of immobilization, which provides

good retention of the enzyme activity. Besides, the ad-

sorption is commercially attractive due to a lower cost

of its performing as compared with other immobiliza-

tion methods. In the past few decades, the biomolecules

immobilization using different nanomaterials became

one of the most common approaches in the immobiliza-

tion techniques [1]. Zeolites were found to be suitable

for this aim, due to their properties [2–4].

Zeolites are hydrated microporous crystalline alu-

minosilicates. They are composed mainly of silicon, alu-

minum and oxygen. The modification of crystal struc-

tures makes it possible to obtain zeolites with different
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properties. The zeolites micropores create a vast and re-

gular network of channels and cages with well-defined

sizes and shapes. Furthermore, zeolites are able to ex-

change ions with some compounds. They are also selec-

tive adsorbers [5–7].

The conductometric biosensors demonstrate seve-

ral advantages over other electrochemical biosensors,

namely: electrodes miniaturization and large scale pro-

duction by inexpensive technology are possible; noble

metals can be substituted for cheaper ones, e. g. Ni; a re-

ference electrode is not needed; a light sensitivity is ab-

sent; small driving voltage decreases a power consump-

tion; a wide range of substances can be determined

using appropriate reactions and mechanisms [8].

A number of zeolite-based biosensors have been

described previously. Silicalite recently has been used

for the creation of amperometric biosensor based on

glucose oxidase [9]. It has been found that the sensiti-

vity and response time of the developed biosensors de-

pend on the amount of silicalite on the transducer surfa-

ce. The usage of natural zeolite clinoptilolite in the bio-

selective membrane of the conductometric biosensor

for urea determination has been described [10]. The op-

timal zeolite concentration in nanobiocomposites, which

permits to extend the linear measurement range with-

out any loss in the sensitivity to urea, has been found to

be 1.5 % [11]. The changing of immobilization proce-

dure using zeolites for the urea biosensor construction

include an addition of different types of zeolites to the

immobilization mixture for modification of the standard

cross-linking procedure with glutaraldehyde as well as

the urease adsorption without glutaraldehyde [12]. In

another work, the urea and butyrylcholine biosensors

have been prepared by adsorption of urease and butyryl-

cholinesterase on the heat-treated zeolite Beta crystals

entrapped into the membranes deposited on the ion-se-

lective field-effect transistor (ISFET) surfaces [13]. The

zeolite-modified carbon paste electrode for simultane-

ous determination of dopamine and tryptophan has

been described [14]. The usage of zeolites for fabrication

of the biosensor for H2O2 detection based on cytochrome

c was also considered [5].

The authors designed an Ag/NaA zeolite modified

carbon paste electrode for DNA determination, which

appeared to be very promising approach to further zeoli-

tes usage for this purpose [15].

The glucose biosensors prepared with zeolites in-

corporated into their bioselective membranes are also

described in literature [16, 17].

Some advantages of silicalite application for the

biosensor fabrication have been shown previously. It

was demonstrated that the characteristics of conducto-

metric urea biosensors based on urease adsorbed on si-

licalite are better than those of the biosensors based on

urease immobilized in glutaraldehyde vapor [18]. No-

tably, the method of urease adsorption on silicalite is

simple and rapid, it does not involve any toxic reagents.

The characteristics of stainless steel electrodes are

quite perspective for the development of conductomet-

ric biosensors. In comparison to the electrodes based

on other materials, such as platinum, gold, nickel, the

stainless steel electrodes have been found to be high-

sensitive to conductance changes, have a wide linear

range of salt concentration detection, frequency stabili-

ty, and a bit lower cost of production. However, these

electrodes demonstrate poor enzyme adsorption on their

surface, which complicates their utilization as

transducers for the biosensors [19]. To enhance the ad-

sorption, we have used silicalite since it is characteri-

zed by good adsorption properties, hydrophobic and

organophilic selectivity, high thermal and chemical sta-

bility [20]. Therefore, the application of silicalite for

improvement of the enzyme adsorption on the stainless

steel electrodes was the main object of this work.

Materials and methods. Materials. Enzyme gluco-

se oxidase (GOx), activity of 130 U/mg, from Penicil-

lium vitale (EC 1.1.3.4) was obtained from «Diagno-

sticum» (Ukraine); glycerol, bovine serum albumin

(BSA, fraction V), 50 % aqueous solution of glutaral-

dehyde (GA), and glucose were purchased from «Sig-

ma-Aldrich Chemie» (Germany).

Synthesis of silicalite. Silicalite was synthesized in

the Middle-East Technical University (Turkey). The op-

timized molar composition of the gel used for syhthesis

of Silicalite-1 is 1TPAOH:4TEOS:350H2O. Tetraethyl-

orthosilicate (TEOS, 95 %) was used as the silica sour-

ce. Tetrapropylammoniumhydroxide (TPAOH, 25 %)

was used as a template. By hydrolyzing tetraethoxy-

silane (TEOS) with tetrapropylammonium hydroxide

(TPAOH) solution, a clear homogeneous solution was

obtained under 6-h stirring at room temperature. After-

wards the resulting gel was placed in oven for 18 h at



125 °C. To remove the unreacted material, the crystal-

lized solid particles were centrifuged at 13000 rpm,

washed with deionized water and dried at 80 °C. The

SEM (scanning electron microscope) image of synthe-

sized silicalite depicted in Fig. 1 shows that the prepa-

red silicalite particles have size of about 400–500 nm.

Conductometric transducers. The conductometric

transducers were 5�30 mm2 in size and consisted of two

identical pairs of stainless steel interdigitated electro-

des deposited onto a ceramic support by successive ther-

mo vacuum sputtering of titanium (adhesion layer) and

stainless steel. Usage of two electrode pairs enabled a

differential mode of measurements.

The sensitive area of each electrode pair was about

1.5 � 2 mm2. The digits as well as inter-digital spaces

were 50 µm wide each.

Preparation of silicalite modified electrode (SME).

A silicalite layer on the transducer surface was formed

by drop-coating. We used 10 % (w/w) silicalite solution

in 5 mM phosphate buffer, pH 7.0. A constant amount

(0.165 ml) of silicalite solution was deposited in the ac-

tive zone of each pair of electrodes, and then the trans-

ducer was heated for 2 min at 200 °C. This temperature

had no effect on the transducer working parameters.

The procedure resulted in the formation of silicalite lay-

er in the electrodes active zones.

Preparation of bioselective membrane. To form a

bioselective membrane on the electrodes, three methods

of glucose oxidase immobilization were used (Fig. 2, A).

Equal amounts of enzyme were immobilized on the elec-

trodes according to all these methods to provide an asses-

sment consistency. The schematic view of the conducto-

metric enzyme biosensor based on the stainless steel elec-

trodes is presented in Fig. 2, B. The enzymatic reaction

underlying a quantitative glucose determination by con-

ductometric biosensors is presented in Fig. 2, C.

G l u c o s e o x i d a s e a d s o r p t i o n o n s i l i c a-

l i t e m o d i f i e d e l e c t r o d e s (GOx-SME). To pre-

pare a bioselective membrane we used the transducer

previously coated with silicalite (see above). Then a

constant amount (0.15 ml) of 5 % (w/w) GOx in 20 mM

phosphate buffer solution, pH 7.0, was deposited onto

one pair of electrodes whereas the same amount of 5 %

(w/w) BSA in analogous buffer solution – onto the refe-

rence pair of electrodes; then the transducer underwent

drying for 15 min at room temperature.

Neither GA nor other auxiliary compounds were

used; GOx was immobilized onto the silicalite surface

by physical adsorption. Next, the transducers were sub-

merged into the working buffer solution for 10–15 min

to wash off the unbound enzyme before the measurements.

G l u c o s e o x i d a s e i m m o b i l i z a t i o n i n

GA d r o p (GOx-GA). To prepare the enzyme membra-

ne, the solution containing 10 % (w/w) GOx, 10% (w/w)

BSA, 20% (w/w) glycerol in 20 mM phosphate buffer,

pH 7.0, was used. The mixture for reference membrane

was prepared in analogous manner, except that GOx

was replaced with BSA. Thus, the reference solution

contained 20 % (w/w) BSA. Both solutions were separa-

tely mixed with 2 % aqueous solution of glutaralde-

hyde in a ratio of 1:1. Immediately afterwards the mix-

ture of enzyme solution with GA was deposited on one

pair of electrodes and the mixture of reference solution

with GA – on another. Time of immobilization was 30

min; glutaraldehyde formed strong covalent bonds bet-

ween the compounds of bioselective membrane, where-

as the bioselective membrane as a whole was attached

to the electrode surface through weak (i. e., Van der
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microscopy image of silica-

lite (A), XRD spectrum of

silicalite (B)



Waals) bonds. After immobilization, the electrodes were

submerged in the working buffer for 30 min to wash-

out the unbound enzyme and GA excess.

G l u c o s e o x i d a s e i m m o b i l i z a t i o n i n

GA d r o p o n s i l i c a l i t e m o d i f i e d e l e c t r o d e s

(GOx-SME-GA). The third method of immobilization

was a combination of two previous methods. We modi-

fied the electrode surface with silicalite (see above) and

then deposited the mixture of enzyme solution with GA

on one pair of electrodes and the mixture of BSA solu-

tion with GA – on another (see above).

Measurement procedure. Measurements were carri-

ed out at room temperature in 5 mM phosphate buffer

solution, pH 7.0, continuously stirred in an open 2 ml

cell. The substrate concentrations in the cell were vari-

ed by addition of different aliquots of the stock solu-

tion. All experiments were repeated in triplicate. The

data in the figures were presented either as a mean of

three repeated results of the experiment or as a mean ±

� standard deviation (SD). The nonspecific changes in

the output signal induced by fluctuations of tempera-

ture, medium pH, etc. were avoided due to the usage of

differential mode of measurement.

Electrochemical measuring system. The conducto-

metric determination of glucose, using the prepared bio-

sensors, was realized in a differential measuring mode,

which ensured satisfactory detection accuracy and sup-

pression of non-informative effects of the environment

(variations of temperature, pH and background conduc-

tivity of working solution).

The portable measuring device (9.5�2.5�13.5 cm)

was produced at the Institute of Electrodynamics, NAS

of Ukraine (Kyiv, Ukraine). The applied sinusoidal po-

tential with frequency of 36.5 kHz and amplitude of 14

mV allowed avoiding such effects as Faraday proces-

ses, double-layer charging and polarization of the mic-

roelectrodes. Illumination and temperature variations

had practically no influence on the biosensor characte-

ristics. The measurements were carried out in a glass

cell filled with phosphate buffer (volume 2 ml), under

vigorous magnetic stirring.

Results and discussion. Comparison of three me-

thods of glucose oxidase immobilization. Three me-

thods of enzyme immobilization on the surface of con-

ductometric transducers were compared in terms of the

biosensor sensitivity (Fig. 3).

The GOx-SME-GA biosensors demonstrated the

highest responses. Their values corresponded to the

amount of enzyme immobilized on the transducers sur-

face. Thus, it can be presumed that the largest amount

of GOx was immobilized by simultaneous application

of both procedures, i. e. adsorption on silicalite and

cross-linking via GA; silicalite itself did not adsorbed a

lot of GOx, and in case of cross-linking via GA it was

difficult to wash out the immobilized enzyme because

of weak interaction between stainless steel electrodes

and cross-linked enzymes.

A main disadvantage of the biosensors with GOx

adsorbed on silicalite without GA was gradual washout

of GOx from the electrode surface covered with silica-

lite into working solution due to weak bounds between

GOx and silicalite. Nevertheless, a combination of ad-

sorption on silicalite and cross-linking by GA demon-

strated very good results.
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Fig. 2. Preparation and function of

biosensor: A – glucose oxidase im-

mobilization on stainless steel elect-

rodes (1 – GOx cross-linking with

GA along with adsorption on silicali-

te modified electrodes (GOx-SME-

GA); 2 – GOx cross-linking with GA

on bare electrodes (GOx-GA); 3 –

GOx adsorption on silicalite modifi-

ed electrodes (GOx-SME)); B – sche-

matic view of conductometric enzy-

me biosensor; C – enzymatic reac-

tion in bioselective membrane



We also studied the linear range of operation. The

calibration curves for glucose determination by the bio-

sensors created with different methods of GOx immobi-

lization are presented in Fig. 4. As seen, the linear ran-

ge for GOx-SME-GA biosensors was 0–1.4 mM, for

GOx-SME and GOx-GA biosensors 0–1.0 mM.

Thus, the method of GOx immobilization with GA

on silicalite showed the most appropriate parameters for

the creation of biosensors.

Reproducibility of biosensors construction and res-

ponses reproducibility. Reproducibility of biosensors

construction is important for their standardization; the-

refore, this parameter was checked for three groups of

biosensors. From the data presented in Fig. 5, A, it was

calculated that the error of reproducibility of biosensors

construction (relative standard deviation – RSD) for the

GOx-SME-GA biosensors was 18 %, for GOx-GA bio-

sensors – 76 % and for GOx-SME biosensors – 65 %.

Only the GOx-SME-GA biosensors were used in fur-

ther studies since they showed the highest sensitivity

and reproducibility of their construction. To determine

reproducibility of responses, the biosensors responses

to 0.2 mM glucose were measured within one working

day with 10–15-min intervals; between measurements

the biosensors were kept in the continuously stirred buf-

fer solution. An error (RSD) of glucose measurements

was 7 %, which is quite acceptable (Fig. 5, B).

Storage stability of GOx-SME-GA biosensors. An

important stage in our work was the investigation on sta-

bility of the developed GOx-SME-GA biosensor during

several days. The biosensor signal to 0.2 mM glucose

was measured several times during 19 days with certain

intervals. Between measurements the biosensors were

stored dry at 4–8 °C. The results are presented in Fig. 6.

After 18 days the responses decreased to 71 % of initial

value, which is better than typical stability of the biosen-

sors based on adsorbed enzymes. Thus, this method of

immobilization gives the opportunity of long-term use

of biosensors.

In general, the method of immobilization with GA

and silicalite improved working characteristics of the

biosensors based on stainless steel transducers in com-

parison with other methods described here. According

to the results obtained, the GOx-SME-GA method of

immobilization is rather perspective. This method can

be used in future for immobilization of complex enzy-

me system or some unstable enzymes.

Conclusions. The methods of enzyme adsorption on

the silicalite-modified electrode using GA (GOx-SME-

GA) and without GA (GOx-SME) were compared with

the traditional method of enzyme immobilization by

cross-linking via glutaraldehyde without silicalite (GOx-

GA). The GOx-SME-GA biosensors with stainless steel

electrodes were characterized by 12–25 times higher

sensitivity compared with the biosensors construction

two other methods of GOx immobilization. The GOx-

SME-GA biosensors demonstrated the storage stability

with only 29 % loss of activity after 18 days, the satis-
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factory reproducibility of biosensor construction (RSD –

18 %), good response reproducibility (RSD of glucose

determination – 7 %). These data permit to state that the

complex use of GA and silicalite sufficiently enhances

the enzyme adsorption on the stainless steel electrodes.

Thus, the method of enzyme immobilization using sili-

calite along with GA is highly effective for the creation

of a sensitive biosensor with good signal reproducibility.
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Âèêîðèñòàííÿ ñèë³êàë³òó äëÿ ïîêðàùåííÿ àäñîðáö³¿ ôåðìåíòó

íà ïîâåðõí³ ïåðåòâîðþâà÷³â ç íåðæàâ³þ÷î¿ ñòàë³

Â. Ì. Ïºøêîâà, Î. ª. Äóä÷åíêî, Î. Î. Ñîëäàòê³í, ². Ñ. Êó÷åðåíêî,

Á. Îçàíñîé Êàñàï, Â. Àêàòà Êóðê, Ñ. Â. Äçÿäåâè÷

Ðåçþìå

Ìåòà. Ïîêðàùåííÿ àíàë³òè÷íèõ õàðàêòåðèñòèê ôåðìåíòíèõ á³î-

ñåíñîð³â íà îñíîâ³ íîâèõ íåäîðîãèõ ïåðñïåêòèâíèõ åëåêòðîä³â ç

íåðæàâ³þ÷î¿ ñòàë³ çà äîïîìîãîþ íàíî÷àñòèíîê ñèë³êàë³òó. Ìå-

òîäè. Âèêîðèñòàíî êîíäóêòîìåòðè÷íèé á³îñåíñîð ç ³ììîá³ë³çî-

âàíîþ ãëþêîçîîêñèäàçîþ ÿê á³îñåëåêòèâíèì åëåìåíòîì òà ñòà-

ëåâ³ åëåêòðîäè ÿê ïåðåòâîðþâà÷³. Ðåçóëüòàòè. Çàñòîñîâàíî ³ ïî-

ð³âíÿíî òðè ìåòîäè ³ììîá³ë³çàö³¿ ãëþêîçîîêñèäàçè (ÃÎ) íà ïî-

âåðõí³ äàò÷èê³â: àäñîðáö³ÿ ÃÎ íà ìîäèô³êîâàí³é ÷àñòèíêàìè ñè-

ë³êàë³òó ïîâåðõí³ åëåêòðîäà; ïîïåðå÷íå çøèâàííÿ ÃÎ ç ãëóòàðî-

âèì àëüäåã³äîì (ÃÀ) áåç âèêîðèñòàííÿ ñèë³êàë³òó; ñîðáö³ÿ ÃÎ íà

ìîäèô³êîâàíîìó ñèë³êàë³òîì åëåêòðîä³ ó êîìá³íàö³¿ ç ïîïåðå÷-

íèì çøèâàííÿì ç ÃÀ. Á³îñåíñîðè ç ôåðìåíòàìè, ³ììîá³ë³çîâàíèìè

íà ïîâåðõí³ ñòàëåâîãî åëåêòðîäó çà ðàõóíîê ñîðáö³¿ íà øàð³ ñèë³-

êàë³òó ó êîìá³íàö³¿ ç ïîïåðå÷íèì çøèâàííÿì ç ÃÀ, ìàþòü â 12–25

ðàç³â âèùó ÷óòëèâ³ñòü ïîð³âíÿíî ç ³íøèìè á³îñåíñîðàìè. Öÿ æ

ãðóïà á³îñåíñîð³â õàðàêòåðèçóºòüñÿ âèñîêîþ â³äòâîðþâàí³ñòþ

ñèãíàë³â ì³æ ð³çíèìè ïàðò³ÿìè (â³äíîñíå ñòàíäàðòíå â³äõèëåííÿ

(ÂÑÂ) ñòàíîâèòü 18 %), à òàêîæ â³äòâîðþâàí³ñòþ â îäí³é ïàð-

ò³¿ ç ÂÑÂ 7 %. Òàêèì á³îñåíñîðàì ïðèòàìàííà âèñîêà ñòàá³ëü-

í³ñòü ïðè çáåð³ãàíí³ (âòðàòà ëèøå 29 % â³ä ïåðâèííîãî ñèãíàëó

ï³ñëÿ 18 äí³â çáåð³ãàííÿ). Âèñíîâêè. Ïîêàçàíî, ùî âèêîðèñòàííÿ

÷àñòèíîê ñèë³êàë³òó ïîðÿä ç ìåòîäîì ïîïåðå÷íîãî çøèâàííÿ ç ÃÀ

çíà÷íî ï³äâèùóº ñîðáö³þ ôåðìåíò³â íà ïîâåðõí³ äàò÷èê³â ç íå-

ðæàâ³þ÷î¿ ñòàë³ ï³ä ÷àñ ³ììîá³ë³çàö³¿, à òàêîæ ïîêðàùóº àíàë³-

òè÷í³ ïàðàìåòðè á³îñåíñîð³â. Öåé ìåòîä ³ììîá³ë³çàö³¿ ôåðìåí-

ò³â ìîæå áóòè çàñòîñîâàíèé äëÿ ïîäàëüøîãî óäîñêîíàëåííÿ ðî-

áîòè á³îñåíñîð³â.

Êëþ÷îâ³ ñëîâà: ³ììîá³ë³çàö³ÿ ôåðìåíò³â, ñèë³êàë³ò, ãëþêîçî-

îêñèäàçà, êîíäóêòîìåòðè÷íèé ïåðåòâîðþâà÷, á³îñåíñîð.
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Fig. 6. Storage stability of GOx-SME-GA biosensor. Measurements

were carried out in 5 mM phosphate buffer, pH 7.0, glucose concentra-

tion was 0.2 mM
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Èñïîëüçîâàíèå ñèëèêàëèòà äëÿ óëó÷øåíèÿ àäñîðáöèè ôåðìåíòà

íà ïîâåðõíîñòè ïðåîáðàçîâàòåëåé èç íåðæàâåþùåé ñòàëè

Â. Í. Ïåøêîâà, À. Å. Äóä÷åíêî, À. À. Ñîëäàòêèí, È. Ñ. Êó÷åðåíêî,

Á. Îçàíñîé Êàñàï, Á. Àêàòà Êóðê, Ñ. Â. Äçÿäåâè÷

Ðåçþìå

Öåëü. Óëó÷øåíèå àíàëèòè÷åñêèõ õàðàêòåðèñòèê ôåðìåíòíûõ

áèîñåíñîðîâ íà îñíîâå íîâûõ íåäîðîãèõ ïåðñïåêòèâíûõ ýëåêòðî-

äîâ ñ ïîìîùüþ íàíî÷àñòèö ñèëèêàëèòà. Ìåòîäû. Èñïîëüçîâàëè

êîíäóêòîìåòðè÷åñêèé áèîñåíñîð ñ èììîáèëèçîâàííîé ãëþêîçîîê-

ñèäàçîé â êà÷åñòâå áèîñåëåêòèâíîãî ýëåìåíòà è ñòàëüíûå ýëåêò-

ðîäû êàê ïðåîáðàçîâàòåëü. Ðåçóëüòàòû. Ñîïîñòàâëåíû ìåæäó

ñîáîé òðè ìåòîäà èììîáèëèçàöèè ãëþêîçîîêñèäàçû (ÃÎ) íà ïî-

âåðõíîñòè ïðåîáðàçîâàòåëåé: àäñîðáöèÿ ÃÎ íà ïîâåðõíîñòè ìî-

äèôèöèðîâàííûõ ñèëèêàëèòîì ýëåêòðîäîâ; ïîïåðå÷íàÿ ñøèâêà

ÃÎ ñ ãëóòàðîâûì àëüäåãèäîì (ÃÀ) áåç èñïîëüçîâàíèÿ ñèëèêàëèòà;

àäñîðáöèÿ ÃÎ íà ìîäèôèöèðîâàííîì ñèëèêàëèòîì ïðåîáðàçîâà-

òåëå â êîìáèíàöèè ñ ïîïåðå÷íîé ñøèâêîé ñ ÃÀ. Áèîñåíñîðû, ñî-

çäàííûå âñëåäñòâèå êîìáèíàöèè ñîðáöèè ÃÎ íà ñëîå ñèëèêàëèòà

íà ïîâåðõíîñòè ñòàëüíîãî ýëåêòðîäà è ñøèâêè ñ ÃÀ, èìåþò ÷óâ-

ñòâèòåëüíîñòü â 12–25 ðàç âûøå, íåæåëè äðóãèå áèîñåíñîðû. Áèî-

ñåíñîðû ýòîé æå ãðóïïû îòëè÷àþòñÿ âûñîêîé âîñïðîèçâîäèìîñ-

òüþ ñèãíàëîâ ìåæäó ðàçíûìè ïàðòèÿìè (îòíîñèòåëüíîå ñòàí-

äàðòíîå îòêëîíåíèå (ÎÑÎ) ñîñòàâëÿåò 18 %), è âîñïðîèçâî-

äèìîñòüþ âíóòðè îäíîé ïàðòèè ñ ÎÑÎ 7 %. Òàêèå áèîñåíñîðû

îáëàäàþò âûñîêîé ñòàáèëüíîñòüþ ïðè õðàíåíèè (ïîòåðÿ ÷óâñò-

âèòåëüíîñòè â ïåðâûå 18 äíåé õðàíåíèÿ äîñòèãàåò ëèøü 29 %).

Âûâîäû. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ÷àñòèö ñèëèêàëèòà îäíî-

âðåìåííî ñ ìåòîäîì ïîïåðå÷íîé ñøèâêè ñ ÃÀ â çíà÷èòåëüíîé ñòå-

ïåíè ïîâûøàåò ñîðáöèþ ôåðìåíòîâ íà ïîâåðõíîñòè ïðåîáðàçîâà-

òåëåé èç íåðæàâåþùåé ñòàëè âî âðåìÿ èììîáèëèçàöèè, à òàêæå

óëó÷øàåò àíàëèòè÷åñêèå ïàðìåòðû áèñîåíñîðîâ. Òàêîé ìåòîä

èììîáèëèçàöèè ôåðìåíòîâ ìîæåò áûòü ïðèìåíåí äëÿ äàëüíåé-

øåãî óñîâåðøåíñòâîâàíèÿ ðàáîòû áèîñåíñîðîâ.

Êëþ÷åâûå ñëîâà: èììîáèëèçàöèÿ ôåðìåíòîâ, ñèëèêàëèò, ãëþêî-

çîîêñèäàçà, êîíäóêòîìåòðè÷åñêèé ïðåîáðàçîâàòåëü, áèîñåíñîð.
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