Biosensors

A biosensor is an analytical device which conver® biological response into an electrical
signal (Figure 6.). The term 'biosensor' is often used to cover@etasvices used in order to
determine the concentration of substances and ptrameters of biological interest even
where they do not utilise a biological system disec
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Figure 6.1.Schematic diagram showing the main componentsbidsensor. The biocatalyst (a) converts the
substrate to product. This reaction is determinethb transducer (b) which converts it to an eieatrsignal.
The output from the transducer is amplified (chqassed (d) and displayed (e).

Biosensors represent a rapidly expanding fielthepresent time, with an estimated
60% annual growth rate; the major impetus comiogifthe health-care industry (e.g. 6% of
the western world are diabetic and would benefitfthe availability of a rapid, accurate and
simple biosensor for glucose) but with some presfwm other areas, such as food quality
appraisal and environmental monitoring.



Research and development in this field is wideranttidisciplinary, spanning
biochemistry, bioreactor science, physical chemisgt electrochemistry, electronics and
software engineering.Most of this current endeavour concerns potentidmand
amperometric biosensors and colorimetric paperrmaezstrips. However, all the main
transducer types are likely to be thoroughly exaajrior use in biosensors, over the next few
years. A successful biosensor must possess asl@ag of the following beneficial features:

1. The biocatalyst must daghly specificfor the purpose of the analyses, be stable
under normal storage conditions and, except ircése of colorimetric enzyme strips
and dipsticks (see later), show good stability avé&arge number of assays (i.e. much
greater than 100).

2. The reaction should be aslependent of such physical parameters as stirringoH
and temperature as is manageable. This would allow the analyssaaiples with
minimal pre-treatment. If the reaction involvesabrs or coenzymes these should,
preferably, also be co-immobilised with the enzyme.

3. The response should becurate, precise, reproducible and lineaover the useful
analytical range, without dilution or concentratittrshould also be free from
electrical noise.

4. If the biosensor is to be used for invasive mompin clinical situations, the probe
must betiny and biocompatible, having no toxic or antigenic effects. If it ishie
used in fermenters it should be sterilisable.

5. The complete biosensor shoulddbeeap, small, portableand capable of beingsed
by semi-skilled operators.



The key part of a biosensor is the transducer (shasiwthe 'black box' in Figure 6.1) which
makes use of a physical change accompanying tiegaeaThis may be

1. the heat output (or absorbed) by the reactiatofimetric biosensorg,

2. changes in the distribution of charges causinglectrecal potential to be produced
(potentiometric biosensor$,

3. movement of electrons produced in a redox reagaarperometric biosensors,

4. light output during the reaction or a light absartadifference between the reactants
and productsdptical biosensor$, or

5. effects due to the mass of the reactants or predpiezo-electric biosensors

There are three so-called 'generations' of biogenso

> First generation biosensors where the normal product of the reaclitbases to the
transducer and causes the electrical response.

» Second generatiorbiosensors which involve specific 'mediators’ lestwthe reaction
and the transducer in order to generate improvegobrese

» Third generation biosensors where the reaction itself causes #porese and no product
or mediator diffusion is directly involved.

The electrical signal from the transducer is oftem and superimposed upon a
relatively high and noisy (i.e. containing a higadguency signal component of an apparently
random nature, due to electrical interference oegeed within the electronic components of
the transducer) baseline. The signal processingalor involves subtracting a 'reference’
baseline signal, derived from a similar transdwegnout any biocatalytic membrane, from
the sample signal, amplifying the resultant sightierence and electronically filtering
(smoothing) out the unwanted signal noise. Thdiuely slow nature of the biosensor
response considerably eases the problem of elaatraise filtration.



Calorimetric biosensors

Many enzyme catalysed reactions are exothermiegrgéng heat (Table 6.1) which may be
used as a basis for measuring the rate of reaatidn hence, the analyte concentration. This
represents the most generally applicable type o$drisor. The temperature changes are
usually determined by means of thermistors at thiearce and exit of small packed bed
columns containing immobilised enzymes within astant temperature environment (Figure
6.2). Under such closely controlled conditionst@80% of the heat generated in the reaction
may be registered as a temperature change in tin@leastream. This may be simply
calculated from the enthalpy change and the am@aated. If a 1 mM reactant is completely
converted to product in a reaction generating 1Dkl then each ml of solution generates
0.1 J of heat. At 80% efficiency, this will causeclaange in temperature of the solution
amounting to approximately 0.02°C.

Table 6.1.Heat output (molar enthalpies) of enzyme catalysadtions.

Heat output

Reactant Enzyme “H (kJ mole™)
Cholesterol Cholesterol oxidase 53
Esters Chymotrypsin 4-16
Glucose Glucose oxidase 80
rydrogen peroxide Catalase 100
Penicillin G Penicillinase 67
Peptides Trypsin 10- 30
Starch (skrobia) Amylase 8
Sucrose Invertase 20
Urea (mocznik) Urease 61

Uric acid Uricase 49
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Figure 6.2. Schematic diagram of a calorimetric biosensor. $ample stream (a) passes through the outer
insulated box (b) to the heat exchanger (c) widniraluminium block (d). From there, it flows pdst teference
thermistor (e) and into the packed bed bioreadtdrn(l volume), containing the biocatalyst, whene teaction
occurs. The change in temperature is determinethéythermistor (g) and the solution passed to wéste
External electronics (I) determines the differerinethe resistance, and hence temperature, between t

thermistors.



The thermistors, used to detect the temperatunegehdunction by changing their electrical
resistance with the temperature, obeying the o#atiip
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where R and R are the resistances of the thermistors at abstdutgeratures Tand T
respectively and B is a characteristic temperatoestant for the thermistor. When the
temperature change is very small, as in the presad, B(1/7) - (1/T,) is very much smaller
than one and this relationship may be substantsafhplified using the approximation when
x<<1 that €01 + x (x here being B(14] - (1/T),

R =r, 148 22l
i

As T, T,, they both may be replaced in the denominatoriby T
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The relative decrease in the electrical resistéABER) of the thermistor is proportional
to the increase in temperatut®T{. A typical proportionality constant (-B{J) is -4%°C".



The resistance change is converted to a propoftimitage change, using a balanced
Wheatstone bridge incorporating precision wire-wibuasistors, before amplification. The
expectation that there will be a linear correlatioetween the response and the enzyme
activity has been found to be borne out in pracéicenajor problem with this biosensor is the
difficulty encountered in closely matching the dmweristic temperature constants of the
measurement and reference thermistors. An equaement of only 1°C in the background
temperature of both thermistors commonly causesapparent change in the relative
resistances of the thermistors equivalent to 0.041i€ equal to the full-scale change due to
the reaction. It is clearly of great importancet thach environmental temperature changes are
avoided, which accounts for inclusion of the weklated aluminium block in the biosensor
design (se&igure 6.2.

The sensitivity (18 M) and range (16- 10% M) of thermistor biosensors are both quite
low for the majority of applications although grerasensitivity is possible using the more
exothermic reactions (e.g. catalase). The low Heitgi of the system can be increased
substantially by increasing the heat output byrémection. In the simplest case this can be
achieved by linking together several reactions iieaction pathway, all of which contribute to
the heat output. Thus the sensitivity of the glecasalysis using glucose oxidase can be more
than doubled by the co-immobilisation of catalaséhiw the column reactor in order to
disproportionate the hydrogen peroxide produced.



Potentiometric biosensors

Potentiometric biosensoramake use of ion-selective electrodes in order toansduce the
biological reaction into an electrical signal.

Jak wiadomo metal (lub niemetal) zanurzony w rozhgpzawierajcym jego jony otrzymuje
w stosunku do roztworu pewien potencjat, ktory weskony sposob zalgy od stzenia
(aktywnaici) jonéw tego metalu. Tak np.§jezanurzymy srebrny drut w wodzie to pewna
ilos¢ srebra przejdzie do roztworu, twaczjony Ag+, a metal otrzyma tadunek ujemny i
powstanie w ten sposéb zrica potencjatow. Gdy #Zado wody z zanurzonym drutem
srebrnym doda sisoli srebrowej, wtedy powstaniesienie osmotyczne skierowane w
przeciwry strorg i zalezne od stzenia jondéw srebrowych. Gdyegenie to jest niewielkie |,
przewaa prznos¢ roztwdrcza i ranica potencjatdw pozostanie, chacladzie mniejsze ui

w przypadku zanurzenia drutu srebrnego w wodzie.

Gdy bgdziemy zwgksza stkzenie jondw srebrowych , doprowadzimy do zrowngevaa
potencjatéw, wowczas niegtizie zadnego tadunku na metalu. Kiedy zi8zymy je jeszcze
bardziej s¢zenie jondw srebrowych i @iienie osmotyczne przewszy peznos¢ roztworca
srebra, cgs¢ jonow roztaduje sina metalu i nataduje go dodatnio. Jak wynika z yisa&ych
rozwaan, roznica potencjatdw mee by miara stzenia jondw danej substancji w roztworze



In the simplest terms this consists of an immobdienzyme membrane surrounding the
probe from a pH-meterFgure 6.3, where the catalysed reaction generates or abwsorb
hydrogen ionsTable 6.2. The reaction occurring next to the thin sengyless membrane
causes a change in pH which may be read direatiy the pH-meter's display. Typical of the
use of such electrodes is that the electrical piatieis determined at very high impedance
allowing effectively zero current flow and causimg interference with the reaction.
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Figure 6.3.A simple potentiometric biosensor. A semi-permeabémbrane (a) surrounds the biocatalyst (b)
entrapped next to the active glass membrane @)pdf probe (d). The electrical potential (e) isayated
between the internal Ag/AgCI electrode (f) bathedilute HCI (g) and an external reference ele@r(g.



There are three types of ion-selective electrod@siware of use in biosensors:

1.

Glass electrodes for cations (e.g. normal pH adéets) in which the sensing element is a
very thin hydrated glass membrane which generatemaverse electrical potential due to
the concentration-dependent competition betweenc#tiens for specific binding sites.
The selectivity of this membrane is determined bg tomposition of the glass. The
sensitivity to H is greater than that achievable for NH

Glass pH electrodes coated with a gas-permeablebnageen selective for CONHs or
H,S. The diffusion of the gas through this membrasgses a change in pH of a sensing
solution between the membrane and the electrodehwhithen determined.

Solid-state electrodes where the glass membrameplaced by a thin membrane of a
specific ion conductor made from a mixture of silgalphide and a silver halide. The
iodide electrode is useful for the determination af the peroxidase reactiomgble 6.2¢
and also responds to cyanide ions.

The response of an ion-selective electrode is goyen

E=F, +§Ln([i])

where E is the measured potential (in volts), ik a characteristic constant for the ion-
selective/external electrode system, R is the gastant, T is the absolute temperature (K), z
is the signed ionic charge, F is the Faraday, d@hds[the concentration of the free
uncomplexed ionic species (strictly, [i] should b®e activity of the ion but at the
concentrations normally encountered in biosensdinss is effectively equal to the
concentration).



This means, for example, that there is an incraatiee electrical potential of 59 mv for every
decade increase in the concentration ofatl 25°C.The logarithmic dependence of the
potential on the ionic concentration is responsibléoth for the wide analytical range and
the low accuracy and precision of these sensorEheir normal range of detection is™“10
102 M, although a minority are ten-fold more sensitifgpical response time are between
one and five minutes allowing up to 30 analysesekieur.

Biosensors which involve Hrelease or utilisation necessitate the use of wergkly
buffered solutions (i.e. < 5 mM) if a significarttange in potential is to be determined. The
relationship between pH change and substrate ctmatien is complex, including other such
non-linear effects as pH-activity variation and teio buffering. However, conditions can
often be found where there is a linear relationgf@fween the apparent change in pH and the
substrate concentration.



A recent development from ion-selective electroethe production of ion-selective
field effect transistors ISFETs) and their biosensor use as enzyme-linked fidtdcie
transistorsENFETSs, Figure 6.4. Enzyme membranes are coated on the ion-selegdites of
these electronic devices, the biosensor resporndirige electrical potential change via the
current output. Thus, these are potentiometricasvalthough they directly produce changes
in the electric current. The main advantage of slevVices is their extremely small size (<<
0.1 mnf) which allows cheap mass-produced fabricationgigitegrated circuit technology.
As an example, a urea-sensitive FET (ENFET comtgirbound urease with a reference
electrode containing bound glycine) has been shovelmow only a 15% variation in response
to urea (0.05 - 10.0 mg Ml during its active lifetime of a month. Severahbtes may be
determined by miniaturised biosensors containingayar of ISFETs and ENFETs. The
sensitivity of FETs, however, may be affected b ttomposition, ionic strength and
concentrations of the solutions analysed.
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Figure 6.4.Schematic diagram of the section across the vatitn ENFET. The actual dimensions of the active
area is about 500m long by 5071m wide by 30071m thick. The main body of the biosensor is a p-tgitieon
chip with two n-type silicon areas; the negativeirse and the positive drain. The chip is insuldtgda thin
layer (0.10m thick) of silica (SiQ) which forms the gate of the FET. Above this gatan equally thin layer of
H*-sensitive material (e.g. tantalum oxide), a priecion selective membrane, the biocatalyst amsdathalyte
solution, which is separated from sensitive pafthe FET by an inert encapsulating polyimide plpolgmer.
When a potential is applied between the electraaesyrent flows through the FET dependent uporptsitive
potential detected at the ion-selective gate adahsequent attraction of electrons into the digpldayer. This
current (l) is compared with that from a similaat Imon-catalytic ISFET immersed in the same sofut{Note
that the electric current is, by convention, in tipgposite direction to the flow of electrons).



Amperometric biosensors

High sensitivity, selectivity, and ability to opégan turbid solutions are advantages of
electrochemical biosensomperometric detection is based on measuring the aation
or reduction of an electroactive compound at a woriag electrode(sensor). A potentiostat
is used to apply a constant potential to the waykaétectrode with respect to a second
electrode (reference electrode). A potentiostat isimple electronic circuit that can be
constructed using a battery, two operational anepdif and several resistors.

The applied potential is an electrochemical driviogece that causes the oxidation or
reduction reaction. The potential of the refererelectrode is well defined through
equilibrium, as in the following reaction:

Ag{%l‘lﬁj + O] - AgCI(SDﬁdj +&

Provided Ckoncentration is fixed, the subsequent reactiodyres a stable potential.

The current response can be defined mathematigsilyg Faraday's law:

da
I =nF pr
where the current in amperes (I) represents thatrethemical oxidation or reduction rate of
the analyte at the working electrode, da/dt is dkiglation or reduction rate in moJsF is
Faraday's constant, and n is the number of electransferred. The reaction rate depends on
both the rate of electron transfer at the electsadéace and analyte mass transport.

As the potential is increased, the reaction reathegoint where the rate is limited by
the mass transport of reactant to the electrodeeri\the reaction at the electrode surface is
sufficiently fast, the concentration of analytetteg electrode is zero, and a maximum overall
rate of reaction is reached. This overall raténntéd by the rate of mass transfer given by the

following equation:
s
I=RAFD (d_ )

where dC/dX is the flux of C (electroactive spefigs the electrode surface, A is the
electrode area, and D is the diffusion coeffici@ifte rate of mass transport to the electrode
surface depends on the bulk concentration of amalyie electrode shape and area, and
diffusion and convection conditions.
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Figure 6.5. Schematic diagram of a simple amperometric biasers potential is applied between the central
platinum cathode and the annular silver anode. TDeiserates a current (I) which is carried betwesn t
electrodes by means of a saturated solution of Kkik electrode compartment is separated from idweabalyst
(here shown glucose oxidase, GOD) by a thin plasémbrane, permeable only to oxygen. The analytgisn

is separated from the biocatalyst by another menghrg@ermeable to the substrate(s) and productfss T
biosensor is normally about 1 cm in diameter big been scaled down to 0.25 mm diameter using airet w
cathode within a silver plated steel needle anodieudilising dip-coated membranes.

Elektrod ¢ tlenowa uczulomg enzymatycznie zanurza i w roztworze nasyconym tlenem
z powietrza i rejestruje prad pocztkowy. Po wprowadzeniu do badanego roztworu
glukozy czs¢ tlenu dyfundujacego do katody jest zaywana w reakcji utlenienia glukozy
z wykorzystaniem immobilizowanego enzymu zgodnie peakcja (2). W wyniku tego
procesu zmniejsza g koncentracja tlenu w roztworze i maleje strumi&é jego dyfuziji

w kierunku powierzchni katody. Gdy procesy na elektodzie oshgna stan ustalony,
wowczas rejestruje s¢ prad koncowy. Obserwowany spadek nagtenia pradu jest

wprost proporcjonalny do stezenia glukozy. Wykonujac pomiary nagzenia padu dla
réznych koncentracji glukozy wyznaczea dirzywa kalibracyjrs. Na podstawie znajondoi

krzywej kalibracyjnej oznaczaesstzenie glukozy w badanej probce.
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Figure 6.6.The response of an amperometric biosensor utjligincose oxidase to the presence of glucose
solutions. Between analyses the biosensor is pliacexygenated buffer devoid of glucose. The staadlys of
oxygen depletion may be used to generate standapbnse curves and determine unknown samplesirée t
required for an assay can be considerably reddicedyi the initial transient (curved) part of thesponse need
be used, via a suitable model and software. Théwastime, which roughly equals the time the elmie
spends in the sample solution, is also reducedfisigntly by this process.



Amperometric biosensors function by the productionof a current when a potential
is applied between two electrodeshey generally have response times, dynamic raages
sensitivities similar to the potentiometric bioserss The simplest amperometric biosensors in
common usage involve the Clark oxygen electrodguifé 6.5). This consists of a platinum
cathode at which oxygen is reduced and a silveefsithloride reference electrode. When a
potential of -0.6 V, relative to the Ag/AgCI eleatie is applied to the platinum cathode, a
current proportional to the oxygen concentratiopriseduced. Normally both electrodes are
bathed in a solution of saturated potassium chdoaidd separated from the bulk solution by
an oxygen-permeable plastic membrane (e.g. Teflolytetrafluoroethylene). The following
reactions occur:

Ag anode  4AG+ ACI —m4AgCl + 4é
Pt cathode ©+ 4H" + 46 —®»2H,0

The efficient reduction of oxygen at the surface tbhé cathode causes the oxygen
concentration there to be effectively zero. The r&Htthis electrochemical reduction therefore
depends on the rate of diffusion of the oxygen fitt bulk solution, which is dependent on
the concentration gradient and hence the bulk axygmcentration. It is clear that a small,
but significant, proportion of the oxygen presemthe bulk is consumed by this process; the
oxygen electrode measuring the rate of a processhvid far from equilibrium, whereas ion-
selective electrodes are used close to equilibdanditions. This causes the oxygen electrode
to be much more sensitive to changes in the terhperdahan potentiometric sensors. A
typical application for this simple type of biosensis the determination of glucose
concentrations by the use of an immobilised gluasgase membrane.



The reaction results in a reduction of the oxygencentration as it diffuses through the
biocatalytic membrane to the cathode, this beintpaed by a reduction in the current
between the electrodeBigure 6.6.

Sensory amperometryczne stosuje sio okrélania poziomu glukozy (w medycynie,
biotechnologii i przemile spaywczym). Doktadné¢ i szybkad¢ okreslenia poziomu tej
substancji jest szczegOdlnie istotne w przypadkbadwrych na cukrzyc Skzenie glukozy
w analicie mana okrglac metodami optycznym lub elektrochemicznymi. Zdeaydnie
szerzej stosowaneasrozne metody elektrochemiczne takie jak amperometdg =2
cykliczna woltamperometria. Jako czujniki do ozreata glukozy stosuje gimigdzy innymi
amperometryczne sensoryuczulane enzymatycznie. Czujnik ten stanowi eteldrtlenowa
zawieragca odpowiedni enzym w e&i receptorowe). Enzymem tym jef-oksydaza
glukozowa, ktora katalizuje napujaca reakcg utleniania glukozy:

C6H12O6 +Oz + Hzo - C6H1207 + Hzoz
Czujniki te cechuje przede wszystkim wysoka seMkig¢ w stosunku do glukozy.

Na powierzchni elektrody tlenowej znajduje ¢ siwarstwa immobilizowanego
(unieruchomionego) enzymu.



Optical biosensors

There are two main areas of development in opbeaensorsThese involve determining
changes in light absorption between the reactantsnd products of a reaction, or
measuring the light output by a luminescent processThe former usually involve the
widely established, if rather low technology, usk colorimetric test strips. These are
disposable single-use cellulose pads impregnatdd amzyme and reagents. The most
common use of this technology is for whole-bloodhitaring in diabetes control. In this case,
the strips include glucose oxidase, horseradisbxgise and a chromogen (ecgtoluidine

or 3,3',5,5'-tetramethylbenzidine). The hydrogeropiele, produced by the aerobic oxidation
of glucose, oxidising the weakly coloured chromotger highly coloured dye.

peroxidase
chromogen(2H) + kD, —Mdye + 2HO

The evaluation of the dyed strips is best achidwethe use of portable reflectance meters,
although direct visual comparison with a colourédrt is often used. A wide variety of test
strips involving other enzymes are commercially ilabde at the present time.A most
promising biosensor involving luminescence usesfliir luciferase Photinus-luciferin 4-
monooxygenase (ATP-hydrolysing), EC 1.13.12.7)dtedt the presence of bacteria in food
or clinical samples. Bacteria are specifically ysend the ATP released (roughly proportional
to the number of bacteria present) reacted witlhud¥drin and oxygen in a reaction which
produces yellow light in high quantum yield.

ATP + D-luciferin + @ —®oxyluciferin + AMP + pyrophosphate + G@® light (562 nm)

The light produced may be detected photometricallyby use of high-voltage, and
expensive, photomultiplier tubes or low-voltage clep photodiode systems.The
sensitivity of the photomultiplier-containing syste is, at present, somewhat greater (£ 10
cells mI*, < 10" M ATP) than the simpler photon detectors which pletodiodes. Firefly
luciferase is a very expensive enzyme, only obtden&rom the tails of wild fireflies. Use of
immobilised luciferase greatly reduces the coshege analyses.



Piezo-electric biosensors

Piezo-electric crystals (e.g. quartz) vibrate undethe influence of an electric field. The
frequency of this oscillation (f) depends on theithickness and cut, each crystal having a
characteristic resonant frequency.This resonant frequency changes as moleculeskadsor
desorb from the surface of the crystal, obeyingéhationshipes

:Kfzﬂm
i}

AF

where Af is the change in resonant frequency (Ha)) is the change in mass of adsorbed
material (g), K is a constant for the particulaystal dependent on such factors as its density
and cut, and A is the adsorbing surface ared)(dror any piezo-electric crystal, the change
in frequency is proportional to the mass of absonimaterial, up to about a 2% change. This
frequency change is easily detected by relativalophisticated electronic circuits. A simple
use of such a transducer is a formaldehyde bioseutsicsing a formaldehyde dehydrogenase
coating immobilised to a quartz crystal and sevisito gaseous formaldehyde. The major
drawback of these devices is the interference fatmmospheric humidity and the difficulty in
using them for the determination of material inusioin. They are, however, inexpensive,
small and robust, and capable of giving a rapigoase.



Immunosensors

Nowa grum biosensorow, ktére majduze znaczenie w ocenie stastodowiska
naturalnego oraz w medycynig Isioczujniki immunologiczne (immunosensaryBiosensory
te stwa do oznaczania #hych substancji posiad@ych znaczenie immunologiczne.
Substancjami tymi g proteiny, surowice, hormony, herbicydy i innenmunosensory
charakteryzuja sie na ogot dua czulcécia, duza szybkdscia odpowiedzi, matym
zakresem detekcji oraz dag mozliwosé automatyzacii.

Immunosensors transduce antigen-antibody interactios directly into physical signals
Biosensors may be used in conjunction wHmzymekLinked Immundorbent Assays
(ELISA). The principles behind the ELISA technique iswshan Figure 6.9 ELISA is used

to detect and amplify an antigen-antibody reactitr® amount of enzyme-linked antigen
bound to the immobilised antibody being determibgdhe relative concentration of the free
and conjugated antigen and quantified by the r&atenaymic reaction. Enzymes with high
turnover numbers are used in order to achieve nagsgonse. The sensitivity of such assays
may be further enhanced by utilising enzyme-cagalyseactions which give intrinsically
greater response; for instance, those giving risehighly coloured, fluorescent or
bioluminescent products. Assay kits using this mémpie are now available for a vast range of
analyses.

! Immunologia to nauka zajmuaia sé wptywem czynnikéw chorobotwérczych na odpaorganizmu.
Enzym — bialko katalizator przeprowadmj reakcje chemiczne w organizmagfwych

Antygen - generator przeciwcial, me by kazda substancja, ktéra wykazuje dwie cedhynunogennég,
czyli zdoIlnag¢ wzbudzenia przeciwko sobie odpowiedzi odpdcmmwej swoistej, oraantygenowéé, czyli
zdolnai¢ do reagowania przeciwciatam
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Figure 6.9. Principles of a direct competitive ELISA. (i) Abtdy, specific for the antigen of interest is
immobilised on the surface of a tube. A mixtureadinown amount of antigen-enzyme conjugate plusowk
concentration of sample antigen is placed in the tand allowed to equilibrate. (ii) After a suitalgeriod the
antigen and antigen-enzyme conjugate will be distad between the bound and free states depengent u
their relative concentrations. (iii) Unbound maaéis washed off and discarded. The amount of antignzyme
conjugate that is bound may be determined by ttgeafthe subsequent enzymic reaction.



Recently ELISA technigues have been combined wikdnsors, to fornrmmunosensorsin
order to increase their range, speed and sengitd&isimple immunosensor configuration is
shown inFigure 6.10 (8)where the biosensor merely replaces the traditionlorimetric
detection system. However more advanced immunosease being develope#igure 6.10 (
b)) which rely on the direct detection of antigen bduo the antibody-coated surface of the
biosensor. Piezoelectric and FET-based biosensersagticularly suited to such applications.
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Figure 6.10. Principles of immunosensors. (a)(i) A tube is edatith (immobilised) antigen. An excess of
specific antibody-enzyme conjugate is placed intthee and allowed to bind. (a)(ii) After a suitalpleriod any
unbound material is washed off. (a)(iii) The analgntigen solution is passed into the tube, binding
releasing some of the antibody-enzyme conjugaternignt upon the antigen's concentration. The amafunt
antibody-enzyme conjugate released is determinethéyresponse from the biosensor. (b)(i) A transdus
coated with (immobilised) antibody, specific foetantigen of interest. The transducer is immersedgolution
containing a mixture of a known amount of antigemyane conjugate plus unknown concentration of sampl
antigen. (b)(ii) After a suitable period the aetigand antigen-enzyme conjugate will be distribitetiveen the
bound and free states dependent upon their relativeentrations. (b)(iii) Unbound material is wedloff and
discarded. The amount of antigen-enzyme conjugatedis determined directly from the transducedalig



The electrode surface is modified by immobilized argen as shown in Fig. 6.11(Fig.1)
and the paroxidase antibody-conjugate associates tiwiantigen on the electrode surface.
Once added to the media and on reaching the electte surface the antibody-conjugate
peroxidase starts to catalyze electroreduction ofydrogen peroxidase which results in

an increase in the electrode potentiaWhen the target analyte is added displacement sccur
resulting in a decrease in electrode potential.
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Fig. 6.11 Principle of operation of immuno-sendéig(l) and its electrical characteristic (Fig. 2)

Fig. 6.12 presents the protocol for measuremerngoténtial change (E) due to consecutive
addition of conjugate into the cell. In a preseméehydrogen peroxidase, a background
electrod epotential is established. The additioradfition containing anti-bodies labeled with
perixidase (conjugate) results in an increaseeaxftedde potentiallThe increase of conjugate
concentration leads to an increase in the rate ofextrode potential change (dE/dt) The
immunointeraction can be detected directly by recading the potential shift. It suggests a
single stage analysis scheme and the signal caeteeted continuously with increasing and
decreasing concentration of analyte. The basicctete device is high input impedance

voltmeter.



