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Abstract

A biosensois a sensingdevice madeup of a com-
bination of a specific biological elementand a
transducerThe”specific biological element’rec-
ognizesa specificanalyteand the changesin the
biomoleculeare usually corvertedinto electrical
signal (which is in turn calibrated to a certain
scale)by a transducer Aim of this survey work is
to discusghevariousbiosensos availablefor dif-
ferentbiosensin@pplications.Initially, thesurvey
focusen the basicsof biosensingleviceswhich
can serveas introductorytutorial for the reades
who are new to this field. Later, the survey high-
lights the technicalitiesof few biosensos in great
detail. The survey endswith brief discussionon
the major difficultiesthe biosensoreseach com-
munitiesnormallyencounter

1 Introduction

The history of biosensorstartedin theyear1962
with the developmentof enzymeelectrodesby
the scientistLeland C. Clark. Sincethenthe re-
searclcommunitiedfrom variousfieldslike VLSI,

cationsin the fields of medicine,agriculture,and
biotechnologyetc.

Whatis a biosensor? Variousdefinitionsandter-
minologiesareuseddependingon thefield of ap-
plications. Dependingon thefield of applications
biosensorsare known as : immunosensas op-
trodes chemicalcanaries resonantmirrors, glu-
cometes, biochips biocomputes, andsoon. Two
generalizediefinitionsof biosensorganbefound
in [2, 4]. Authorsin [2] defineit as: "a biosen-
sor is a chemicalsensingdevice in which a bio-
logically derivedrecognitionentity is coupledto a
transducerto allow the quantitatve development
of somecomple< biochemicalparameter”. Ac-
cordingto the authors[4] : "a biosensolis a an-
alytical device incorporatinga deliberateandinti-
matecombinationof a specificbiological element
(thatcreatesarecognitionevent)andaphysicalel-
ement(thattransducesgherecognitionevent)”.

Thename’biosensor’signifiesthatthedeviceis a
combinationof two parts:

e bio-element

e sensofelement.

physics,chemistry material science,and so on, The bio-elementmay be an enzyme, antibody
have cometogetheito developmoresophisticated, antigen living cells, tissuesgtc. Thelarge variety
reliableandmaturedbiosensinglevicesfor appli- of sensorelementsncludeselectriccurrent,elec-
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tric potential,intensity and phaseof electromac

biosensors

netic radiations, mass,conductancejmpedance e

. . . clinical nonclinical
temperatureyiscosity andsoon. The basiccon-
ceptsof biosensocanbeillustratedby the help of in yivo in vitro
Fig. 1.. A specm.c. bio element(s?y enzy”me W shotem sngeabot HFantan nde s radive
recognizesa specificanalyteandthe "sensor”’el- _impionobie invasive monitoring
ementtransduceshe changein the biomolecult arfifcal orgons  bedside ~~ nome ~ pathology it pollution/effiuent
. . . . . glucose blood aboratory Hpening  monitoring,
into electricalsignal. Thebio elements very spe monitoring  glucose glucose termentation
cific to the analyteto which it is sensitve. It doe: monilor. - manilaring processes

notrecognize®theranalytes.
Figure 2. Potential Applications of Biosensors,
Source: [2]
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Figurel: BasicConceptof Biosensor

Dependingnthetransducingnechanisnusedhe {jon sofaris in blood glucosesensingbecausaf

biosensorganbe of mary typessuchas: alundantmarket potential. But, biosensorshave
tremendoupportunityfor commercializatiorin

e Resonanbiosensors otherfields of applicationaswell. Fig.3shovs a
needle-typglucosebiosensoimplantedin subcu-
taneoudatty tissue.Somecommerciallyavailable
Thermal-Detectiomiosensors glucosebiosensorgproductsfrom Medisenseare
shovnin Fig. 4 andFig. 5. A handheldbiodetec-

lon-Sensitve FETs(ISFETs)biosensors tor developedby G. Kovacs[19] is shavn in Fig.
6. Eventhoughbiosensorsiave got very goodap-
plication potentialit hasnot beenhighly commesr
cialisedbecauseof several difficulties, for exam-
Details of all thesedifferent typeswill be dis- ple dueto thepresencef biomoleculeslongwith

cussedn this suney work. The electrochemical semiconductomaterialsthe biosensocontamina-
biosensordasedon the parametemeasurectan tjon is amajorissue[2, 6].

befurtherclassifiedas[1]:

Optical-Detectiorbiosensors

Electrochemicabiosensors

This surnwey paperis organizedas follows. Sec-
tion 2 discusseghe fundamentaimechanismsf

conductimetric ) . .
* biosensors.Differenttypesof biosensorsre de-

e amperometric tailedin Section3. Section4 discussesletailsof
' . a biosensotthat canbe usedto monitor cell mor-
e potentiometric phologyin tissueculture ervironment. A biosen-

sor basedon using hologramto detectpancreatic
Thebiosensorganhave varietyof biomedicaland disorderds discussedn section5. Section6 dis-
industryapplications.Someof the possibleappli- cusesDNA detection-on-a-chipVariousglucose
cationsareshowvn in Fig. 2. The major applica- biosensorsrediscussedn section?.
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Figure 3: A needle-typeglucosebiosensorim-
plantedin subcutaneousatty tissue

Figure 4. Medisenseglucose biosensor Pen,
Source:http://www.medisense.com
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Figure 5: Medisense glucose biosen-
sor with Big Digital Display, Source:
http://www.medisense.com

Figure6: A handheldiodetectodevelopedby G.
Kovacs,Source:[20]

2 Basic Conceptsof Biosensors

We have already seenthat a biosensorconsists
of a bio-elementand a sensotelement. The bio-
elemenbf themaybeanenzymeantibody living
cells,tissue etc.,andthe sensingelementmay be
electric current, electric potential,andsoon. A
detailedlist of differentpossiblebio-elementand
sensofrelementss in Fig. 7.

The”bio” andthe "sensor”’elementscanbe cou-
pled togetherin one of the four possibleways
listedbelow [19] (referFig. 8).

e MembraneEntrapment
e PhysicalAdsorption
e Matrix Entrapment

e CovalentBonding



Biosensors

Bio-Element Sensor-Element

— Enzyme —Electric Potential

— Antibody —Electric Current

— Microbial —Electric Conductance

— Tissue —Electric Impedance

— Polysaccharide —Intensity and phase of em radiation

— Nucleic Acid —Mass

—Temperature

—Viscocity

Figure7: Elementsof a Biosensor

In the membraneentrapmenscheme a semiper
meablemembraneseparateshe analyteand the
bioelement, and the sensoris attachedto the
bioelement.Thephysicaladsorptiorschemas de-
pendenbnacombinationof vanderWaalsforces,
hydrophobicforces, hydrogenbonds, and ionic
forcesto attachthebiomateriako thesurfaceof the
sensar Theporousentrapmenschemas basecbn
forming a porousencapsulatiomatrix aroundthe
biological materialthat helpsin bindingit to the
sensorin thecaseof thecovalentbondingthesen-
sorsurfaceis treatedasa reactve groupsto which
thebiologicalmaterialscanbind.

A typically usedbioelemenis anenzyme.These
arelarge proteinmoleculeghatactascatalystsn
chemicalreactions,but remainunchangedt the
endof reaction.Fig. 9 shaws theworking princi-
ple of enzymes.The enzymesare extremely spe-
cific in their action. Meaning,an enzymeX will
changea specificsubstancé ( not C) to another
specificsubstanc® ( notD ). Thisisillustratedin
theFig. 10. Thisextremelyspecificityactionof the
enzymess the basisof biosensos.

3 Typesof biosensors

In this sectionwe will discusghevarioustypesof
possiblebiosensorsWe will analyzethe working
mechanisnof eachoneof them.

Semipermeable
=~ Membrane

Sensor

(a)Membrane Entrapment

B BB BBBBB

~—— Membrane

Sensor

(b) Physical Adsorption

Sensor

(c) Matrix Entrapment

B B B B B
IT ‘ ‘T \ \ ? \ \<—CovalentBond

Sensor

(d) Covalent Bonding

Figure8: Couplingof Bio-Material with the Sen-
sor, Source: [19]

3.1 Resonant biosensors

In this type of biosensorsan acousticwave trans-
ducer is coupled with antibody (bio-element).
Whentheanalytemoleculeqantigen)getattached
to themembranethe membranenasschangeste-

sultingin asubsequernthangan theresonanfre-

gueng of the transducer This frequeng change
is measureaut[19].

3.2 Optical-detection biosensors

The output transducedsignal that is measured
is light signal for this type of biosensors. The
biosensorcan be madebasedon optical diffrac-
tion or electrochemilluminencdn opticaldiffrac-
tion baseddevices, a silicon waferis coatedwith
a protein via covalent bonds. The wafer is ex-
posedo UV light throughaphotomaslandthean-
tibodiesmadeinactivatedin the exposedregions.
The dicedwafer chipswhenincubatedn analyte
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Figure9: Working Principleof EnzymesSource

[5]

antigen-antibodybinding is formed in active re-
gions,thuscreatingdiffractiongrating. This grat-
ing producediffraction signal when illuminated
with alight sourcesuchaslaser Thissignalcanbe
measurear canbe furtheramplifiedbeforemea-
suringfor improving sensitvity [19].

3.3 Thermal-detection biosensors

Thistype of biosensorsareconstructeadombining
enzymesvith temperatursensorsWhentheana-
lyte comesn contactwith theenzymetheheatre-
actionof theenzymes measure@ndis calibrated
againstheanalyteconcentratior§19].

3.4 |on-Sensitive biosensors

Theseare basically semiconducto~ETs having
ion-sensitvesurface[7, 19). Thesurfaceelectrical
potentialchangesvhentheionsandthe semicon-
ductorinteract. This potentialchangecanbe mea-
sured. The lon Sensitve Field Effect Transistor
(ISFET) canbe constructedby covering the sen-
sor electrodewith a polymerlayer. This polymer
layeris selectvely permeabldo analyteions. The
ionsdiffusethroughthe polymerlayerandin turn
causea changen the FET surfacepotential. Fig.
11 shavs anISFET having enzymeenzymelayer
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Figure10: Specificityof EnzymesSource: [5]

placedon it; also called ENFET (EnzymeField
Effect Transistor)[7]. This type of biosensomare
primarily usedfor pH detection.

3.5 Electrochemical biosensors

Electrochemicalbiosensorsare mainly used for

detectiorof hybridisedDNA, DNA-bindingdrugs,
glucoseconcentrationetc. The underlyingprinci-

plefor this classof biosensorss thatmary chemi-
calreactiongroduceor consumeonsor electrons
which in turn causesomechangein the electri-

cal propertiesof the solutionwhich canbe sensed
outandusedasmeasuringparametefl, 19]. The

electrochemicabiosensorganbe classifiedbased
on the measuringelectrical parametersas : (1)

conductimetric,(2) amperometricand (3) poten-
tiometric[1]. A comparatie discussiornof these
threetypesis givein Tablel.
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Figure 11: EnzymeField Effect Transistor(EN-
FET), Source: [7]

3.5.1 Conductimetric biosensors

The measuredparameteris the electrical con-

ductance/resistanoaf the solution. When elec-

trochemicalreactionsproduceions or electrons
the overall conductvity/resistiity of the solution

changes.This changeis measuredand calibrated
to a properscale. Conductanceneasuremeras
relatively low sensitvity. The electricfield gen-

eratedusing sinusoidalvoltage (AC) which helps
in minimizing undesirableffectssuchasFaradaic
processdoublelayer chaging and concentration
polarization[1].

3.5.2 Amperometric biosensors

Thishigh sensitvity biosensocabdetectelctroac-
tive speciespresentin biological test samples.
Sincethebiologicaltestsamplesnaynotbeintrin-
sically electro-actie, enzymeseededo catalyze
productionof radio-actve speciesin thiscasethe
measuregbarameters current[1].

Electrochemicafensing
Characteristics] Conductimetric] Amperometric [ Potentiometric
Measured Conductance/ Current Potential/
Parameter Resistance Voltage
Applied Sinusoidal Constant Ramp
Voltage (AC) Potential(DC) Voltage
Sensitvity Low High
Governing Incremental Cottrell Nesrt
Equation Resistance Eqgn. Eqgn.
Fabrication FET+Enzyme | FET+Enzyme | FET+Enzyme
2 elctrodes oxideelectrode

Tablel: DifferentElectrochemicafensing

3.5.3 Potentiometric biosensors

In this type of sensorghe measuregarameteis
oxidation/reductiorpotential(of anelectrochemi-
calreaction).Theworking principleof thatwhena
rampvoltageis appliedto anelectrodan solution
the currentflow occursbecauseof electrochemi-
cal reaction. The voltageat which thesereactions
occursindicatea particularreactionandparticular
speciegl].

4 A biosensor to monitor cell
mor phology

Keeseand Giaever [3] have designeda biosen-
sor that can be usedto monitor cell morphol-
ogy in tissueculture ervironment. The sensing
principle usedis known asElectric Cell-substrate
ImpedanceSensing (ECIS). In this process,a
smallgold electrodeis immersedn tissueculture
medium. When cells get attachedand spreadon
theelectrodestheimpedanceneasuredcrosghe
electrodexhange. This changingimpedancecan
be usedfor understandingell behaior in culture
medium. This is the key themebehindthe pro-
posedbiosensorwhich is well projectedby the
helpof Fig. 12.

The attadhment and spreading behaior of the
cellsareimportantfactorsfor this biosensar The
cancerou<ells usually can grow and reproduce
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Figure 12: Electric Cell-substratelmpedance

SensingECIS), Source: [3] Figurel3: A cellin tissueculturemedium,Source

3]

(mitosig freely in a medium without being at-
tachedto any substrate/suaice. But, normalcells
needto be attachedo a surfacebeforethey grow.
After attachmenthe shapeof the cells becomes e film is patternedandinsulatedby lithography

e athin goldfilm is sputterecn a polycarbon-
atesubstrate

flat andno longerremainssphericalshaped.Fig. techniques.
13 demonstratethis cell behaior in atissuecul- _ _
turemedium. The small electrodemadeis of 250um diameter

o _ A completesix well unit with ECIS electrodess
The principle of measurements schematically ¢pqvnin Fig. 16.

representedby the help of Fig. 14. Thecellsare

grown on gold electrodes The electrodesareim- Theadwantagef this biosensoare:
mersedin tissueculture mediumwhich works as
electrolyte.Theappliedvoltageis 1V, 4kHz. The
voltageis appliedthrougha 1M resistance.To
measuremagnitudeand phaseof the voltagethe o |t is possibleto automateand quantify cell

lock-in-amplifieris used.Since thecurrentis con- morphologymeasurement.

stant,the measurednagnitudeand phasecan be

assumedsproportionalto impedancdresistance ® Thefluctuatingpatterncanbe usedassigna-
andcapacitance)Fig. 15 shaws capacitancend turefor acell.

resistanceneasurementver atime period. After

sometimeit is foundthattheR, C valuesfluctuate
very often. This happensvhencellsarealive and be:

e The biosensoris lesstime consumingcom-
paredto the corventionalmethods.

The possibledisadwantagesf this biosensomay

maving. e Theaccurag of the biosensolis doubtful, it
Theelectrodesisedabove is fabricatedoy thefol- mayhappertwo cellscanhave almostsimilar
lowing processsteps: pattern.
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Figurel4: ECISschematialiagram Source: [3]

e If the averageimpedanceis to be taken as
a measurethen it is possiblethat two en-
tirely different patternscan have sameaver-
agevalue.

e It is not clearif the biosensoris useful for
nonmammaliarcellsandplantcells.

5 A holographic biosensor for
screening pancreatic disor-
ders

Hologramsarephotograph®f 3D impression®n
thesurfaceof light. To makeahologramoneneeds
to photograpHight waves. Whenan objectwave
meetsareferencavave, a standingvave patternof
interferencas createdvhich canbephotographed;
thus creatinga hologram. A hologramis gener
ally recordedon silver hallide film. Thefilm con-
sistsof a basematerialof glassor plastic. Then
thereis a photoactve layer calledemulsion This
emulsionlayer is madeup of gelatin(a colorless
/ yellowish protein). Silver and hallide materials
float in the gelatinlayer They chemicallyreact
to form silver hallide molecule. When light en-
ergy goesinto thegelatinit is transferedo thesil-
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Figure 15: Resistanceand capacitancaneasure-
mentovertime, Source [3]
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(b) Cross section of one electrode

Figurel6: Electrodestructure Source: [3]



ver hallide molecule. For more detailsof holog- 6

raphyreadersarerecommendetb visit the URL : 5 ]
http://www.holographyru/. i,: . J”ﬂcﬂ{
Millington, et al. [8] have developeda biosen- % 3 - e
sor which uses hologram as sensing element. ?_55 2 r,n“jsm
This biosensorcan have potentialapplicationsin z - “pa”ﬂ
screeningoancreatiaisordersat lower price. The eS’Z“;JFW
bioelementusedis bovine pancreatic trypsin in- 0 SRy i J I
hibitor (BPTI) which is an enzyme. To screen e 03030 dn e e
pancreaticdisorderstrypsin needsto be detected G
in duodeneafluid or stoolsample.By properuse (a) Peak wavelength response
of BPTI trypsindetectioncanbe madepossible.

30 e :
Whenthe hologramis illuminated by white light 0~y
constructve interferencegives a characteristic ! "o T
spectrumhaving spectral peak and wavelength g ML+ BPTI
peakdescribedy "Bragg equation”. The charac- g 47 -
teristic spectrumis dependenbn the gelatinma- % 4]
trix of thehologram.If gelatinmoleculesof holo- E \“
gramfilm are proteasedegradedthe characteris- -100 T S
tic spectrumchanges.This changess specificto CE
the type of degradation. The authorsstudiedthe Ll
spectrumafter degradingthe gelatinwith trypsin (b) Peak reflectivity response

and BPTI. Thereflectedlight from the hologram
was detectedby spectrograprand CCD detector Figure 17: Peakwavelengthand reflectvity re-
at intenvals of 1 or 2 minutesand were analyzed SPonseSource: [8]
for peakwavelengthandreflectvity changewith
time. Fig. 17 shavs the peakwavelengthandre-
flectivity response.The major advantageof this asmallnumberof biorganismmoleculesmultiple
biosensoiis that very small trypsin levels canbe copiesof the sampleDNA needso be createdfor
detectedvithin 60 minutesperiod. properanalysis. This is achieved by the help of
polymemnsechain reaction(PCR). PCR startsby
splitting samples of double-helixDNA into two
) _ partsby heatingit about95°C. If the reagents
6 DNA detection-on-a-chi P containpropergronth enzymestheneachof these
_An-a.chi strandswill grow the complementarynissingpart
(Lab on-a Chlp SyStem) andform double-helixstructureagain. This hap-
penswhen temperaturds lowered. This in one
The category of biosensoraisedfor DNA detec- heating/coolingcycle the amountof sampleDNA
tion are alsoknown as biodetectos. The biode- is doubled(one cycle time is one aboutminute).
tectorsare usedto identify a small concentration Thus,for n cycles2™ copiesaremade. Typically,
of DNA (of microomganismlik e virus or bacteria) 25-40cyclesareneededo produceapproximately
is large sample. This relieson comparingsample abillion copies.This amountis sufficient enough
DNA with DNA of known microomganism(probe to be detectedoptically. While the PCRis busy
DNA). Sincethesamplesolutionmaycontainonly in copying DNA identificationalsocouldbemade
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Reaction Tube containschannelsyalvesandchamberasshovn
in thefigure. To detectmicroomganismDNA steps
followedare:

: y N e Some milliliters of sample solution are
L reawne || $ A ——-Optics blocks pumpednto thechamber

and cooling — £
\\ the. Gl j S or detection

e Thesampleis concentratedo a volumeof a
microliter.

e SampleDNA arenow extractedfrom sample
solution.

e PCRis performed. A small thin-film heater
(a) Peterson’s m|Cr0f|u|d|C device heatSthe DNA andfan helpS|n COO“ng The
cycletimeis 25 seconds.

Sample in

reaction e Flouroscenceprobe DNAs bind the sample

chamber

DNA.
e WhentheLEDs causdaheprobeDNAs to flu-
5@‘? orescenthe glow is capturedby photodiode
%% andhencecanbedetected.
'l"

.\/

. ' In [20] anotherbiodetectorhas beendiscussed.
/ . 4 This biodetectousesmagnetidield insteadof op-
S tics or flouresenceThis biodetectowith the help
Photodiode of magneticsensorsindmicrobeadss ableto de-
tectpresencandconcentratef bioagentsFig. 19
(b) Magnified view of chamber unit showvs amagnetichiodetectordevelopedby Naval

Researclaboratory(NRL). The magneticsensor
Figure18: Biodetectordevelopedby K. Peterson, or groupof sensorss coatedwith single-stranded
Source: [20] (i.e. onepartof double-helix)DNA probesspe-

cific for abioagenbr sampleDNA. Onceasingle-

strandof DNA probeanda single-strandbf sam-
possibleusingfluorescenDNA probes. ple DNA combinethey form a double stranded
(double-helix) structure. The resulting double-
helix structurebindsa singlemagnetianicrobead.
Whena magneticbeadis presentabove a sensor
the sensors resistancalecreasesvhich is the de-
tectableentity. The magneticbeadsare of-the-
shelf productsof diameter2.8,m which arecom-
monly usedfor biochemicaleparationThemore
beads|argeris thedecreasén resistance.

In general PCRis veryvery powerconsumingoe-
causeof heating/coolingcycle which takesabout
30 minutes. So it was previously not possible
to fabricateportablebatteryoperatediodetectors
which cando PCR.But, usingMEMS suchkind
biodectorswhich are basicallylab-on-a-chipsys-
temshave beendeveloped.In theseMEMS based
devicestheamountf reagentiseds scaleddown.
Fig. 18 shows a microfludic device developedby The MEMS based microreactor developed by
K. Petersor13, 20]. This lab-on-a-chipsystem Northrup,etal. [10] have cycle timesasshortas
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Step 2. Magnetic microbeads
coated with streptaidin bind
| with the bitin, Unbonded beads
| are washed away

Magnetic
microbaad

8

Stap 1. Single strands

of sample DNA, tagged ,___
with biofin [silver N T
ball] bind with \

probe DMA affixed to
the chip's surface.

Streptavidin

— Polymer
barrier

— Sulphur
— Gold

— Silicon
nitride:

Magnefic sensor —

Step 3. Magnetic sensors count the bound
microbeads, indicating the identity and

concentration of the pathagens in the sample.
Although only two DNA assays are shown here, in fact
a single chip can test for 64 different DNA sequences.

Figure 19: Magnetic biodetectordeveloped by
NRL, Source: [20]

several secondsand 35 cycles(for full amplifica-
tion of DNASs) takesseveral minutes. The advan-
tagesof this biosensoare:

e 5 — 10 timesfasterthancorventionalPCRs

e 30% moreefficientin numberof DNA copies

produced
e easilydesignedo usesmallvolumes

e economical.

[y

Irengbtized DN probe 5]

T L 0 L R

Figure 20: Biodetectordevelopedby Northrupet
al., Source: [10]

Fig. 20illustratesthe schematiaetectionprocess
afterthe PCR-amplificatiorbeingcompletedin a
reactionchamber The nylon basedeststrip con-
tainsthe specificDNA probe.The sample(ampli-
fied) DNA is putinto a reagent.If the two types
of DNAs bind each-otherthen the DNA-biotin-
steptaidin-enzyme complex will changecolor,
thusdetectinghesampleDNA. ThePCRreaction
chambercanbedesignedf severaldifferentsizes.
The cross-sectiomf a reactionchambeiis shovn
in Fig. 21. The IC-fabricationstepsusedto de-

:5""'"“““—1I]m -------—H

polyethylene

glass

silicone

aluminum mﬁm aitttrﬁ
pad membrane
Figure 21: PCR cross-sectiondeveloped by

Northrupetal., Source: [13]

velopthis PCRarelisted below.

e A 3in diameter 0.5mm thick single crystal
siliconwaferis taken.

e Siliconnitride ( of thicknessl — 2um) is de-
positedonto entirewaferby LPCVD.

e Photolithographigatternis donefor reaction
chamber

e Silicon nitride is etchedby RIE processover
thechambermrea.

e Silicon is etchedto silicon nitride backside
definingthe chambewolume.

11



The waferis patternecandetcheddepending
uponreactionchambeidesign.

Silicon nitride alongwith polysilicon de-
positedby LPCVD.

Polysiliconis dopedwith boronup to resis-
tivity of 50 — 20092/ square.

Aluminum contactdepositedhat definesthe
heatergeometry

Polyethylenanput and outputtubesarecon-
structed.

Glasscover sealingis done.

7 Glucose biosensors

The most successfulcommercialbiosensorsare
amperometrigylucosebiosensors.Thesebiosen-
sorshave beenmadeavailablein themarketin var

ious shapesand forms suchas glucosepens,glu-

cosebig display andsoon asdiscussedh section
1. Theaimof thissectionis to do andetailedstudy
of someglucosebiosensors.

Thefirst historic experimentthat serned asorigin
of glucosebiosensorsvas carriedout by Leland
C. Clark [5]. He usedplatinum (Pt) electrodes
to detectoxygen. The enzymeglucoseoxidase
(GOD) was placedvery closeto the surface of
platinumby physicallytrappingit againstheelec-
trodesby a pieceof dialysismembrane.The en-
zymeactiity changeslependingpnthesurround-
ing oxygenconcentrationFig. 22 shovs thereac-
tion catalysedby GOD. Glucosereactswith glu-
coseoxidase(GOD) to form gluconicacid. At the
sametime producingtwo electronsandtwo pro-
tons,thusreducingGOD. ThisreducedGOD, sur
roundingoxygen,electronsandprotons(produced
above) reactto form hydrogenperoxide (H>0s)
andoxidizedGOD (the original form). This GOD
canagainreactwith moreglucose.More the glu-
cosecontent,more the oxygenconsumptionand

hencelessis the detection. On the other hand,
more the glucose, more the H,O, production.
Hence,eitherthe consumptionof O, or the pro-
ductionof H,0, can be detectedby the help of
platinumelectrodesvhich cansene asmeasures
for glucoseconcentration.

glucose

‘@

glucose oxidase

b

gluconic acid

(a) oxygen (a) hydrogen peroxide
or or
(b) oxidised mediator {b) reduced mediator
electrode

electrons

Figure22: Clark’s Experiment,Source: [5]

P. YuandS.Dong[9] have developedadisposable
amperometridiosensoifor detectionof glucose.
The biosensoiis button-shapedhaving overall di-
ameternof 8mm andthicknesf 0.88mm. Fig. 23
shaws the constructionof the biosensar The dis-
posablesensorconsistf following layers:

e layerl: metallicsubstrate

layer2: graphitelayer

layer3: isolatinglayer

layer4: mediatormodifiedmembrane

layer5 :
(GOD)

immobilized enzyme membrane

e layer6: celluloseacetatanembrane
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C/mM

Figure 24: Calibrationcurve of a disposableglu-
cosebiosensarSource: [9]

(b) Botton-shaped biosensor 8 Conclusions

Figure23: Detailsof a disposableylucosebiosen-

sor, Source: [9] In this surwey reportwe have discussedvarious

biosensorin detail. The surwy initially, briefly
introducesthe basic conceptson the biosensar
Highl-evel view of differenttypesof biosensors
alsogiven. Working principles,constructionsad-
vantagesand disadwantagesof mary biosensors
given. Theauthorwould lik e to mentionthatthere
This biosensorusesgraphiteelectrodeinsteadof are variousdifficulties for which somesolutions
platinum electrode(usedin caseof Clark). The exist, but still more researchefforts needto be
isolatinglayeris placedon the graphiteelectrodes givento find betteralternatves.Few of themmen-
that can filter out certain interfering substancestionedbelow :
(ascorbicacid, uric acid) while allowing passage

of HyO; and O,. The mediatormodifiedmem- ¢ contamination : bioelementsand chemicals

branehelpsin keepingthe GOD membraneat- usedin the biosensorsieedto be prevented
tachedwith the graphiteelectrodewhen electro- from leaking out of the biosensorover time
chemicalreactiontakes placeat appliedpotential (seriousissuefor nondisposablenes).

().35V). The celluloseacetateouterlayer placed
overthe GOD membranealsoprovidesbarrierfor e immobilisation of biomolecules : to avoid

interferingsubstancesThe amperometriceading contamination piomoleculesare attachedo
of the biosensor(currentVs glucoseconcentra- thetransducerasstronglyaspossible but the
tion) is shavnin Fig. 24. Therelationshigs linear problemwith this is that the behaior of en-
uptoglucoseconcentratiorof 25m Mol /liter. zymeswhen absorbedn surfaceis lessun-
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derstoodreactionof enzymesn freesolution
is betteruderstood.

e sterilization : if a sterilized probeis used
some sensors biomolecules may be de-
stroyed whereasif non-sterile probesused
somecompromiseseeded.

e uniformity of biomolecule preparation :
fabricationof biosensorghat canreproduce
resultsneedsuchuniformity.

e selectivity and detection range : should
be more selectve and more detectionrange
shouldbelarge.

e cost :researchshouldbe focussedfor devel-
opmentof low-costbiosensors.

At present,when people talk about bioterror-

ism, the developmentof fastey reliable,accurate,
portableandlow-costbiosensorfiasbecomemore
importantthanever.
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