UDC 602.1:53.082.9 (045)

DIFFERENT TYPES OF BIOSENSORSAND THEIR FEATURES

D.V. SIEDIUKO, Y.l. HALUZINSKA

National Aviation University, Kyiv

Biosensor technology is a powerful alternative tmnwentional techniques.
Biosensors are analytical devices that respond csgkly to analytes in an
appropriate sample and convert their concentratioto an electrical signal via a
combination of a biological recognition system aar electrochemical, optical or
other transducer. Different types of biosensorsdescribed in this article. The main
features of them are compared. Also mentioned tie areas of its application.

Key words: biosensorstransducer calorimetric, potentiometric, amperometric,

optical and acoustic wave biosensors.

Introduction. Determining analyte concentrations is essentiabfevide range
of applications, including high-throughput drug esmming, disease diagnosis and
treatment, quality control, and environmental maonmitg. Industrial instrumentation
for analysis is scarce and often limited to pH amhductivity. In most cases,
accurate analyses of biological materials are esiperand need to be performed in
external laboratories equipped with more sophitgatanstrumentation. Most of these
analyses require previous purification that requode much time relative to the
processing time, making their on-line implementationpossible for control
purposes. However, in living organisms, biologicamponents like antibodies and
enzymes work as natural sensing and controllinyitds”. The ability of isolating
and purifying these proteins and other biologidahents such as cells or organelles
has allowed their integration with physicochemitahsduction devices to produce

biosensors [1].
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Biosensor is a branch of analytical biotechnology.biosensor is a device
incorporating a biological sensing element eitiiimately connected to or integrated
within a transducer. The usual aim is to produakgéal electronic signal which is
proportional to the concentration of a specificralwal or set of chemicals [2].

The first biosensor was described in 1962 by Céardk Lyons who immobilized
glucose oxidase (GOD) on an amperometric oxygectrelde surface semipermeable
dialysis membrane in order to quantify glucose eom@tion in a sample directly.
They described how "to make electrochemical sendgid, polarographic,
potentiometric or conductometric) more intelligeby/ adding "enzyme transducers
as membrane enclosed sandwiches" [3, 4].

Structure of biosensors system. A biosensor system typically consists of a bio-
recognition component, biotransducer component, edéxtronic system which

include a signal amplifier, processor, and dispidyFig .1).
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Fig. 1. Structural elements of biosensor

The recognition component, often called a bioremguses biomolecules from
organisms or receptors modeled after biologicalesys to interact with the analyte
of interest. This interaction is measured by thetrBhsducer which outputs a

measurable signal proportional to the presencédeftarget analyte in the sample.
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The general aim of the design of a biosensor entible quick, convenient testing at

the point of concern or care where the sample wasuped (Fig. 2) [6].
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Fig. 2. Scheme of biosensor operating

The biological materials usually are enzymes, butlegic acids, antibodies,
lectins, whole cells, entire organs or tissue slieee also used. The biological
component of biosensor performs two key functiaghspecifically recognizes the
analyte (compound whose concentration is to bermi@ted) and interacts with it in
such a manner, which produces some physical chdeigetable by the transducer.
These properties of the biological component immartthe biosensor specificity,
sensitivity and the ability to detect and meashesanalyte [5, 7].

The nature of interaction between the analyte haditological material may be
of two types:

- the analyte may be converted into a new chemiwalkcule (by enzymes;
such biosensors are called catalytic biosensors);

-the analyte may simply bind to the biological en&tl present on the biosensor

(e.g., to antibodies, nucleic acids; these biogsrs®@ known as affinity biosensors).
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The transducer detects and measures this changecamcerts it into an
electrical signal. This signal is necessarily vesyall, and is amplified by an
amplifier before it is fed into the microprocessbhe signal is then processed and
interpreted, and is displayed in suitable units [8]

Types of biosensor. Biosensors can be grouped according to their trarsoh
element. There are six types of biosensorslorimetric, potentiometric,

amperometric, optical and acoustic wave biosa(3@ble 1).

Table 1
Classification of biosensors
Typesof Biological
biosensor (detection Type of change detected
: component
device or transducer)
Amperometric Enzymes Redox reaction (releasing)of e
Potentiometric Enzymes Releasing or consumptiayasf
Calorimetric (thermal ) Enzymes Temperature
Optical Enzymes, Fluorescence or absorbance| or
antibody, optical properties of biosenspr
DNA/RNA surface
Acoustic wave Antibody Resonant frequency of cartai
crystals due to change in mass

Amperometric biosensors. In amperometric transducers, the potential betweer
the two electrodes is set and the current prodbgethe oxidation or reduction of
electroactive species is measured and correlatdgtooncentration of the analyte of
interest. Most electrodes are made of metals liggnum, gold, silver, and stainless
steel, or carbon-based materials that are inerthat potentials at which the
electrochemical reaction takes place [9]. The sasiphmperometric biosensors use
the Clark oxygen electrode, which determines thlduectgon of Q present in the
sample (analyte) solution [4].

Calorimetric biosensors are also called thermometric biosensors or therma
biosensors. Many enzyme catalyzed reactions prodbeat (exothermic).

Calorimetric biosensors measure the change in teaxye of the solution containing
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the analyte, following enzyme action and interpitetin terms of the analyte
concentration in the solution.

The difference in the temperatures is usually ativa of one degree Celsius,
but it is possible to detect differences as lowOa83001 °C. It is imperative to
eliminate the effects of environment on the heanges produced by the reaction.
Therefore, the reaction is confined within a heatlated box, and the analyte stream
Is passed through a heat exchanger.

The greatest disadvantage is the need to maititaitemperature of the sample
stream at a constant, say * 0.01°C, temperatue s&hsitivity (1&M) and the range
(10%-102M) of such biosensors are quite low for most agpions. The sensitivity
can be increased by using two or more enzymeseop#thway in the biosensor to
link several reactions to increase the heat outplternatively, multifunctional
enzymes may be used [10].

Potentiometric biosensors make use of ion-selective electrodes in order ta
transduce the biological reaction into an electrsignal. In the simplest terms this
consists of an immobilized enzyme membrane suriogndhe probe from a
pH meter. The signal is measured as the potenfifarehce (voltage) between the
working electrode and the reference electrode.Wdrking electrode's potential must
depend on the concentration of the analyte in #seay solution phase. The reference
electrode is needed to provide a defined referpotential [9].

Optical biosensors that exploit surface plasmon resonance, wavegusahes
resonant mirrors have been used widely over thedesde to analyse biomolecular
interactions. These sensors allow the determinaifaine affinity and kinetics of a
wide variety of molecular interactions in real tinvathout the need for a molecular
tag or label. Advances in instrumentation and arpemtal design have led to the
increasing application of optical biosensors inaare@f drug discovery, including
target identification, ligand fishing, assay deyeient [11]. SPR measurement is
based on the detection of the attenuated totaatsbin of light in a prism with one
side coated with a metal. When p-polarized incidgit passes through the prism

and strikes the metal at an adequate angle, itexla resonant charge wave at the
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metal/dielectric interface that propagates a feveroms. The total reflection is
measured with a photodetector, as a function oirttident angle [12].

Acoustic Wave Biosensors are also called piezoelectric biosensors.
Electroacoustic devices used in biosensors aredb@s¢he detection of a change of
mass density, elastic, viscoelastic, electric, ietedtric properties of a membrane
made of chemically interactive materials in contatth a piezoelectric material.
Certain crystals contain positive and negative @gsirwhich separate, when they are
subjected to stress. This generates an electiid, fieghich is called piezoelectric
effect [13, 14].

Such piezoelectric crystals can be used to assam#ss of analyte that binds to
the biological component immobilized on the crysiaiface. For example, cocaine in
gas phase is detected by attaching cocaine antibaalithe surface of a piezoelectric
crystal. This biosensor changes resonant frequbp@bout 50 Hz for one part per
billion cocaine in the sample atmosphere. The lissecan be reused after flushing
it for a few seconds with clean air.

One of the major disadvantages of these biosemstes difficulty in using them
to determine analytes in solution. One way is ttemheine analytes using antigen-
antibody interaction. In such cases, the crystdhea is coated with antibodies, which
bind to the complementary antigen present in thepa solution. A piezoelectric
biosensor has been developed for the detectiontefabacteria [15, 16].

Comparison of different types of biosensors. The different types of biosensors
differ from each other for several features. Theinmeriteria of biosensors are
sensitivity, response time, accuracy, life timdiatelity and cost. Accuracy of the
biosensor should be high for the detection of lsgbstrate concentration. Sensitivity
value of the electrode response per substrate otraten. Selectivity chemicals
interference must be minimized for obtaining therect result. Response time — is
time necessary for obtaining of 95 % of the respoihe important differences

among the various biosensors are summarizédlohe 2.
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Table 2
Comparison of different types of biosensors

Type of biosensor
Criteria Amperometric | Potentiometri¢ Calorimetric Optical  dAstic
wave
Sensitivity Medium Medium High Low Low
Response Medium Medium Slow Medium Fast
time
Accuracy Medium Medium High Medium Low
Life time Limited Limited Limited Limited | Limited
Complexity High Medium Very high | Medium Low
Reliability High Medium High Low Low
Cost Low Low High Low Low

Application of biosensors. A biosensor has a wide range of applications in
different fields. One of the major driving forcew the development of biosensors is
biomedical diagnosis. The most popular exampleli€age oxidase-based sensor
used by individuals suffering from diabetes to nmniglucose levels in blood.
Biosensors have found also potential applicatiomsthie agricultural and food
industries. However, very few biosensors have loeemmercialized [9].

Industrial application: various manufacturing preges can be monitored by
biosensors to provide assistance with regard teease the quality and quantity of
product obtained. It is used in the food industryrtieasure carbohydrates, alcohols
and acids, for example, during quality control @sses. The devices may also be
used to check fermentation during the productiomedr, yoghurt and soft drinks.
Another important application is their use in déter pathogens in fresh meat,
poultry or fish [17].

Biosensors are used to check the quality of airvaatkr. The devices can be
used to pick up traces of organophosphates froricps or to check the toxicity
levels of wastewater, for example [18].

Military application: it helps to detect explosivelugs etc., aiding in defence

of the people. Another breakthrough in the fieldmisensors was the production of a
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product called ‘smart skin’. It is a kind of biosem which detects any chemical or
biological attack nearby and warns the person usiagame [5].
CONCLUSIONS

In this article we discussed various types of lngses in detail. Biosensors
based on the parameter measured can be classfiafngerometric, potentiometric,
calorimetric, optical, acoustic, wave. Working pijpples, constructions, advantages,
and applications of many biosensors was presented.

Comparison of different types of biosensavas based on such criteria as
sensitivity, response time, accuracy, life timdiatelity and cost.Biosensors have a
variety of biomedical, environmental, industry antitary applications
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PA3JIMYHBIE TUIIBI BUOCEHCOPOB 1 UX OCOBEHHOCTH

/. B. CEJJFOKO, IO. U. I'AJIV3UHCKAA

Hayuonanonwiti asuayuonnwvii ynusepcumem, 2. Kues

BMOC€HCOpI/lKa A6JIemcs MOM/;HOZZ aﬂbmepHamueozZ mpaduuuonﬂbm Memooam.

buocencopuvl — ananumuueckue ycmpoticmea, Komopbie pea2upyom Ha NPUCymcmeue
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KOMNOHeHma 6 o0pasye U npespawarom 3HAYeHUe e20 KOHYEHmpayuu 68 CUSHAI,
nocpeocmeom  00veOuHeHUus  cucmemvl  OUOJO2UYECKO20  PACNO3HABAHUS U
INEKMPOXUMUYECKO20, ONMUYECKO20 UMU Opy2o20 npeobpaszosamens. B smoil
cmamvbe  ONUCAHLL  PA3IUyHble  Munvl  OUOCEeHCopos8.  Ykazamwwvl  OCHOGHbIE
Xapakmepucmuku u ux pasaudus. Taxkoce paccmMompeHnvl OCHOBHblEe HANPABIEHUs
npumeHeHUs GUOCEeHCOPO8.

Knroueevie cnosa. oOuocencop, Ooamuux, Kalopumempuyeckuii OUuoceHcop,
HOMEHYUOMEMPUUECKULI OUOCEHCOD, AMNEPOMEMPUYECKUl OUOCEHCOp, ONMUYeCKULl

buoceHcop, aKkycmudeckuti OUOCeHcop.

PI3HI TUIIX BIOCEHCOPIB TA IX OCOBJIUBOCTI

J1. B. CEXTIOKO, I0. 1. TAJTV3IHCHKA

Hayionanvnuii asiayitinui ynieepcumem, m. Kuis

biocencopuxa € nomyoscnoro anvmepuamugord mMpaouyitiHum Memooam.
biocencopu — ananimuuni npucmpoi, wo peazyromos Ha NPUCYMHICMb KOMHNOHEHMA 8
3pasKy i nepemeoproroms 3HAYEHHs U020 KOHYeHmpayii 6 cueHal, 3a 00NnomMo2oi0
00'conanusn cucmemu 0i0J02IYHO20 PO3NIZHABAHHA | €IeKMPOXIMIUHO20, ONMUUHO20
abo iHwux nepemeoprosauie. Y yiu cmammi onucawni pizHi munu 0OioceHcopis.
Braszani ocnosni xapaxmepucmuxu ma ix 8iominnocmi. Taxooic po3ensiHymi 0CHOBHI
HANpAMKU 3aCmMoCcy8anHs 06ioceHcopis.

Knrwuoei cnosa. 6Oiocencop, oamuux, Kaiopumempuyeckuii 0ioceHcop,
nomenyiomMempudHuti  6ioceHcop, amnepomMempudnuti  0ioceHcop,  OnMuYHUL

bioceHcop, akycmuunuil 6ioceHcop.



