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ABSTRACT

Biosensors are used to identify and monitor different types of pollutants
and its effect on the ecosystem. The nature of pollutants, their source and
bioavailability can beidentified with ahigh level of specificity and sensitiv-
ity with the help of the biosensors. Various biosensors used in pollutant
studies for monitoring eutrophication, food safety, detection of pathogenic
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microorganisms, trace metal's, pesticides, herbicidesand organic wastes are

analysed. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

A biosensor isanandytica device, which converts
abiologica responseintoaneectricad sgnd. Itinvolves
theinteraction of abiologica materid / bioreceptor (such
asproteins, enzymes, antibodies, lectins, nucleic acid,
organelles, intact microorganisms, tissues, cell recep-
tors) with ananayteto producean electrical, optical or
thermal signal. Thissignd isthen converted by suitable
transducer such aselectrochemical sensor to current,
voltage, conductance, capacitance or impedanceor by
anoptica sensor to changesinwave ength, wave propa
gation, time, intensity, distribution of the spectrum, or
polarity of thelight. On the other hand, apiezod ectric
sensor will convert thesignal to mechanica vibration
that isdirectly proportional to theamount of analyte
present!i4,

Biosensorsareused in different areaslikeenviron-
mental pollution detection, dinicd andys's, contaminants
detectioninfood, health monitoring, medica hedthre-

lated targets, detection of pathogensand variousin-
dustria and agricultural gpplicationg*.

Prior to biosensors, surfaceandys stechniquessuch
asion scattering spectrometry (ISS), secondary ion
mass spectrometry (SIMS), Auger el ectron spectros-
copy (AES), bulk analysistechniques such asatomic
absorption and emission spectroscopy and neutron ac-
tivationandyss, wereused for monitoring pollution®4.
The disadvantages of these methodsinclude primarily
high costsand low detection limits. Biosensorsbeing
cheap, portable, user-friendly, low power consuming,
highly sensitiveand robust have gained wide accept-
ability. They also offer high degree of specificity that
they can even distingui sh between stereoi somersof the
same compound®”. One of the great advantage of us-
ing biosensorsisthe sampleto be detected often re-
quireslittle pretrestment and the bioavailable concen-
tration of thetoxic contaminant ismeasured rather than
thetotal concentration.

Inorder to learn about thefunctionsof the ecosys-
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tem, interaction of itsvarious components, extraction
of raw materialsfrom sea, biodiversity issues, habitat
protection, ecotoxicology and pollution, studieshave
promoted the study of biosensorsfor marineenviron-
mental pollution', Pollutants reach the marine envi-
ronment through variouswayslikeagriculturd run offs,
industrial discharges, domestic wastewater etc. Hence
therangeof contaminantsisvery diverse. Theyinclude
pesticides, herbicides, surfactants, steroid hormones,
anti-biofouling agents and plasticizers. Depending on
thekind of contaminant various biosensorsare devel -
oped some of which arediscussed bel ow!®.

1. Eutrophication

Whenfertilizersrichinnitratesand phogphateswhen
gppliedtothefidds, not al theadded nitrogen and phos-
phorousistaken up by the plants. Whenit rainsthese
mineralsareleached from the soil and arethustrans-
ported into water bodiesthereby increasingtheir salt
and minera contentsleading to eutrophication. Plants
and algal bloom associated with eutrophication con-
sumealot of oxygenfor respiration, whichinturnleads
tothe oxygen depletioninthesewater bodiesand cauises
aseriousthrest to fish. For the detection of nitrateand
nitritein seawater aswell asin freshwater whichleads
to eutrophication, microbial sensors are used.
Thiospaera pantotropha, adenitrifying bacteriathat
reduces nitrateto nitrousoxideisimmobilizedinan
opticaly transparent sol-gel matrix for theconstruction
of amperometric sensor. Nitratereductaseisolated from
Alcaligenes faecalis is immobilized in an
€l ectrogenerated polymer and isconnected to the el ec-
trode acts as anitrate sensor. This sensor isused for
both nitriteand nitrate and has adetection limit of ap-
proximately 2.9 micro gram N-NO_-/I®®. The denitri-
fying bacteria Agrobacteriumradiobacter isdirectly
immobilized and made usein one of the nitrate sen-
sorg“¥, A sensitive conductometric biosensor for ni-
tratedetectionisconfigured by immobilizingthenitrate
reductase from Aspergillusniger on athin-film elec-
trode. Theenzymeisimmobilized on the el ectrode by
crosslinkingwith bovineserum abumininthepresence
of glutara dehyde, Nafion cation-exchange polymer and
methyl viologen>#%, Optica biosensor that contains
controlled pore, glass beadswith cytochrome cdl ni-
trite reductaseimmobilized onit. When nitritebinds,
thereisoxidation of enzyme and hencechangein opti-

cdl reflection(®,

Duetothe advantages|ike easy cultivation, easy
manipul ation for sensor configurationsand broad sub-
straterange, yeast and filamentousfungal cdlsareaso
used as biosensors. Trichosporon cutaneumis used
as sensor e ement in biochemica oxygen demand sen-
sor. Apart from this two other Candida sp. isolated
fromwood pulp mill effluent isused to detect the bio-
chemical oxygen demand of thewaste stream. For the
determination of middlechain dkanetheflow injection
analysis based sensor uses Yarrowia lipolytica, a
psychotrophic yeast isol ated from diesel oil-contami-
nated al pine soil®.

2. Sea food safety

Monitoring of aga toxinsin seafood becomeseasy
with theuse of various biosensors. Shellfish arefilter
feedersthat accumul ateand metabolizetoxins produced
by microscopicagaeintheformof dinoflagellatesand
diatoms. Thosetoxinsresponsiblefor Paraytic Shell-
fish Poisoning (PSP) arederivativesof saxitoxin. A tis-
sue biosensor based on frog-bladder membraneand a
sodium el ectrode- electrochemica immunosensor is
used for saxitoxin ashelIfish poisonthat blockssodium
channel. Screen- printed el ectrode (SPE) and el ectro-
chemicd immunosensor using glucoseoxidaseareusd
for thedetection of brevetoxini*?, Alkainephosphatase
enzyme linked immunosorbent assays (ELISA’s) and
SPE are used for the detection of shellfish poisonslike
okadaicacid, brevetoxin, domoicacid, tetrodotoxinand
gonyautoxin.

SPE hasdetection limitsintheorder of ng/ml and
isalso simpleand cost effective dueto itsdisposable
nature. It dso hasan andyzing timeof only 30 minutes.

Chemiluminescent immunosensor inmussel homo-
genateiswiddy used for Okadacacid, adiarheicshdl-
fish poison“8, A smpleflow enzymesystemthat relies
upon thethin-layer flow through cell placed into the
measuring compartment of theluminometer isused here.
Theinner surfaceof theflow cuvetteisimmobilized with
antibody and the second ligand (antigen) labded witha
peroxidase moleculemovesthrough theflow cell. The
intengity of chemiluminescenceefter thereaction of per-
oxidase with the substrates (p-iodophenol, luminol and
hydrogen peroxide) givesthe measure of the quantity
of complex onthe surface of thecell. Anti-OA mono-
clona antibodieswerelabelled with horseradish per-
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oxidasefor their usein acompetitive assay, inwhich
thefreeantigen of the sample competeswith immobi-
lized OA. Low non-specific binding of antibodiesis
exhibited inthissystemin the presence of mussel ho-
mogenate depending onthe polyethersulfonemembrane
availability™,

Surface plasmon resonance biosensor isused for
the detection of domoic acid™. Onagold chip suit-
ablefor asurface plasmon resonance, ahomogeneous
molecular imprinted polymer (MIP) film of domoicacid
(DA) of thickness40 nmisphotografted. Optimization
and proper grafting was achieved by using contact angle
measurements and atomi ¢ force microscopeimaging.
Thereisacompetition for binding between free DA
and its conjugate |abeled with horseradish peroxi-
dase®.

A wholecdll biosensor wasdevel oped for finding
the concentration of only middle-chain-length akanes
and somerelated compoundsin water. The biosensor
isinduced with octane, atypical inducer of theakane
system. It wasobserved that thelight emitted isdirectly
proportional to the octane concentrations between 24
and 100 nM[72,

3. Detection of pathogenic organisms

Sensorsbased on nucleic acid hybridization detec-
tion have been devel oped. For the detection of toxic
adgaeusing rRNA probesan instrument called environ-
menta sample processor which isan e ectromechani-
ca / fluidic systemthat collectsdiscretewater samples,
concentratesthe microorganisms(particul ates) and au-
tomatesthe application of molecular probesto detect
various microorganismsand their gene products. For
the detection of harmful algae, phytoplanktonand their
toxin, arapid and rdiablemethod caled assPCRELISA
DigDetectionKit isdevel oped. Species-specific probes
weredesigned for Alexandriumminutumand used in
thisbiosensor!®,

Escherichiacoli O157 infood and water samples
isdetected with awaveguide biosensor based on afluo-
rescent sandwich immunoassay!®Y.

Environmenta sample processor isalso used for
the detection of Escherichiacoli asafaecal contami-
nant in bathing water and al so for detecting virusthat
causesdiseasein humansand fish® . Anacousticwave
immunosensor integrated with 87.7 MHz oscillator is
used for fast detection of Escherichiacoli inwater!®,
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Various biosensors have been devel oped for the
detection of Salmonella typhimurium. Magnetoelastic
resonance sensorsthat contain polyclonal antibodies
immobilized on magnetostrictive platform or onto pi-
ezoel ectric transducers can detect Salmonella
typhimurium by ashift in the resonant frequency of
Sensor[ZG,39,54] .

4. Pesticidesand herbicides

Therearenumber of biosensorsfor the detection
of pesticides. Acetylcholinesterase (AChE) isan en-
zymeinvolvedinsignd transductioninthecentral and
peripheral nervous system. Organophosphorus and
carbamate pesticides inhibit cholinesterase and are
therefore powerful insecticides. For the detection of
pesticides various electrochemical biosensors are
used™. For herbicides, photosynthetic bacteria
coupled to electrochemica transducers are used.
Immunosensorswith optical detection are usedfor the
detection of isoproturonin natural water*® and alsofor
the detection of paraquat!*” and irgarol ™ have been
developed.

A wholecdl biosensor usng marinedgae Spirulina
subsala coupled to aClark-type oxygen electrodeis
used for chlorophenals, pesticidesand surfactants. The
advantage of wholecdll isthat it givesinformation con-
cerning bioavail ability and potentially measures phys-
ological responses, which arerelevant to marine pro-
cessed ™.

PegticideslikeDichlorvos, Parathion and Azinphos
can bedetermined down to concentrationsof 1x101'M,
1x 10 Mand 1 x 10 M, respectively with the help
of novel sonochemically fabricated, bioengineered ace-
tylcholinesterase and polyaniline carbon/cobalt phtha-
locyanine biosensorg“2. For the detection of Dichlor-
vos, amediator-freeamperometric biosensor for screen-
ing organophosphorus pesticides (OPs) in flow-injec-
tionanaysis(FIA) system hasbeen devel oped. Here
theacetyl cholinesterase enzyme (A ChE) immobilized
isprepared by inAl,O, sol-gel matrix screen-printed
on anintegrated 3-el ectrode plastic chipi®”.

For detecting low concentration (like 50 ug/L) of
herbicideslikelinuron and atrazinethat interact with
photosynthetic electron transfer chain, bacterial
biosensors incorporating the Cyanobacterium
synechoccus as hiocatalyst is devel oped®.

Thebiosensor for the detection of metals, solvents,
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crop protection chemica's, and other organic molecules
consists of two Escherichia coli heat shock promot-
ers dnak and grpE fused to the lux genes of Vibrio
fischeri. This biosensor when encountered by those
pollutants producelight. For the detection of pentachlo-
rophenol, the outer membrane mutation tolC isintro-
duced®.

For thedetection of arazine, 3-(3,4-dichlorophenyl)
-1,1-diethylurea(DCMU), toluene and benzene, aga
biosensor is prepared by entrapping unicellular
microalga Chlorella vulgarisin an alginate gel or a
polyion complex membrane. Thisgel or membraneis
thenimmobilized onthesurfaceof atrangparent indium
tin oxide electrode’®,

Immobilized Chlorella vulgaris microalgae en-
trapped on aquartz filter isused for the continuous as-
sessment of herbicidelikeatrazine Smazine, isoproturon
and diuron detection isdonewith algal biosensor. The
fibre optic biosensor is constructed with five remov-
abledgd membranes Themembrane’s position is main-
tainedinfront of thetip of optical fibre bundleby an
electronicaly controlled motor. When theincident light
hitsthe upper part of theagal membranefluorescence
isproduced and issent tofluorimeter for measurement.
It was observed that it could detect photosystem Il
herbicides at sub-ppb concentration level®, Various
bi osensorsconfigured for thedetection of different types

organophosphorous pesticides/ insecticides are de-
scribed in TABLE 1. All of thesebiosensorsare based
onimmobilized acetylcholinesteraseenzyme.

5.Anti-biofouling agents

Marinestructureslikeleisure craft and hulls, that
areproneto biofouling use Organotin compounds such
astributyltin (TBT) asanti-fouling paints. The quantifi-
cation TBT from sedimentsisabig problem® and this
TBT causesdirect toxicity, shell thickeninginoysters, a
declineinrecruitment of their juvenile stages, and en-
docrinedisruption’®”. A flow- through sensor based on
bacterid bioluminescence based bioassay, by immobi-
lizing the bacteria on adisposable chip and detecting
theluminescencewith thehel p of an optica biosensor
isrecently devel oped™. Recently abiosensor usngtwo
different wild typeHalomonas sp and Bacilluspumilis
wereused intheanalysisof TBT. A plot of respiration
of protoplast of Halomonas sp asafunction of TBT
concentration shows positivesigmoid responseand the
plot of respiration of protoplast of Bacilluspumilisas
afunctionof TBT concentration showsashift from nega-
tiveto positive®™.

6. Organicwastes
A fully automated immunoassay using monoclona

antibodies chemically conjugated with bacterial mag-
netic particlesformsthe basis of one of the sensors of

TABLE 1: Sensorsfor organophosphor ous pesticides/insecticides

Compound Sensor type

Description

Dichlorvos and
paraoxon

Liposome-based nano-biosensors.

Aldicarb and carbaryl

Chlorphyrifos Fiber-optic sensor

Increase in the pesticide concentration leads to
decrease in enzyme activity and hence decrease in the
fluorescence’®

Acetylcholinesterase biosensor with Prussian Acetylcholinesterase biosensors show hi?h sensitivity
blue-modified screen-printed electrodes. 4,

towards aldicarb and carbaryl
Competitive binding of pesticide(inhibitor) to the
enzyme acetylcholinesterase against the substrate
(acetlythiocholine iodide)™.
The sensor isimmersed in acetylcholine chloride.

Localized surface plasmon resonance sensor Presence of paraoxon prevents acetylcholine chloride

Paraoxon

Butyrylcholinesterase biosensor!?.

Chlorpyriphos-oxon
and chlorfenvinphos.

Sensor.
M or_100rot0phos, Screen-printed electrodes with immobilized
malathion, metasystox ;
acetylcholine esterase
and Lannate.

Acetylcholinesterase - based inhibition

reacting with acetylcholinesterase*.

This sensor along with prussian
blue-modified screen-printed electrodes shows high
sensitivity for paraoxon'?

This biosensor immobilizes genetically engineered
acetylcholinesterase (B394) to the iminodiacetic acid
preactivated magnetic microbeads based on Ni-His
affinity!®

In the presence of acetylcholine substrate, the
pesticide deactivates acetylcholine esterase!.
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bisphenol A, On asuitable surface plasmon resonance
sensor, athinfilm of goldislaid and bisphenol A-oval -
bumin (BPA-OVA) conjugateisimmobilized onit by
amine coupling method. The BPA sample containing
anti-BPA antibody when introduced into the sensor sys-
tem, both the BPA and anti-BPA competitively bindsto
BPA-OVA on the chip,

A whole-cdll biosensor isdevel oped by using the
phenol-induci ble Po promoter from Pseudomonas sp.
CF600 asacontaminant-sensing geneand luxCDABE
operon of the Pseudomonas fluorescens OS8 as a
reporter gene. Thisbiosensor can be used in ground
waters and semi-coke |l eachateg®224,

A bacteria biosensor for benzene, tolueneand xy-
leneisconstructed by plasmidincorporating thetran-
scriptional activator xylR from the TOL plasmid of
Pseudomonasputida mt-2. The XyIR proteinbindsa
subset of toluene-like compounds and activatestran-
scription at itspromoter, Pu. Under thecontrol of XyIR
and Pu, theluc genefor firefly luciferaseisplaced and
thereporter plasmid was constructed. On transforma-
tion of the Escherichiacali clswith thisplasmid vec-
tor, luminescenceisinduced fromthecellsinthepres-
ence of benzene, toluene, xylene, and similar mol-
ecules®,

Theredox dye, resazurin agood indicator of bac-
terial respiration getsreduced to afluorescent product
resorufin. The presence of contaminantsliketoluene
increasestheresorufin concentration andinturnthefluo-
rescenceisenhanced. Thisprincipleisusedin Resazurin
respiration biosensor(™,

Sodium dodecyl sulfate (SDS) can be detected
withinrangeof 0.25-0.75 mg 1.by using aPseudomo-
nas rathonis T-based amperometric biosensor®Y.
Certain strains belonging to Pseudomonas and
Achromobacter sp dueto their inherent property to
degrade anionic surfactantsand al so substrate speci-
ficity, areused inthe construction of biosensorg™.

Biosensor congtructed for the detection of aromatic
hydrocarbon consists of Escherichia coli K-12 cells
that carry xyl S genefrom Pseudomonas putida fused
with luciferase operon of Vibrio harveyit”72,
Bioavailable benzene, toluene, ethylbenzene, and re-
lated compoundsin aqueous solutionswere detected
using agreen fluorescent protein-based biosensor was
constructed using Pseudomonas fluoresceng®"3l,
Biosensors containing cells of Pseudomonascepacia
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immobilized onthecalcium dginate gd and integrated
toasimpleflow calorimeter wasfound to respond to
aromatic compounds™.

A rapid, easy, specific and highly sensitivetech-
niquecaled asDRESSA, isavailablefor detection of
dioxinand dioxin-likechemicas. Thiscontainsdioxin-
responsive element fused toaminimd vira promoter.
Thisisthen subcloned into an expression plasmid up-
stream of a secreted alkaline phosphatase (SEAP)
gene3., Dioxins, polychlorinated biphenyls (PCB) and
pesticidesareexamplesof very harmful endocrinedis-
rupting chemicals. A technique based on competitive
Immunoassay using surface plasmon resonance (SPR)
isused for the detection of PCB, 2,3,7,8-Tetrachloro
dibenzo ml* respectively®. Biosensors based on re-
combinant mouse hepatomacell line hasbeen devel -
oped for compounds like furans, biphenyls and
polyha ogenated dioxing®!. Immunosensor chip fabri-
cated by MEM Stechnology isavail ablefor the deter-
mination of coplanar polychlorinated bi phenylsdown
totherangeof 0.1 ppt in 30 seconds. Co-PCB anti-
body immobilized polysterene beadswere usedinthe
microflow immunosensor chip,

Sol-gel-derived array DNA biosensors with
ethidium bromide as sensing probeisused for -p-di-
oxinand atrazinewithin detectionlimitsof 2.5, 0.1 and
5 ng the detection of polycyclic aromatic hydrocarbons
(PAH) inwater and can detect naphtha ene and phenan-
threne at aconcentration of 0 - 10 mg/L [2060:34],

7. Heavy metal waste

Contamination of soilsby heavy metasisaworld-
wide problem and vari ous techniquesfor monitoring
heavy metd contaminationand remediation areexplored
[9,64]

Therearedifferent waysby which the mercury con-
centration inthe contaminated soil can bedetected. Two
of thesensorsfor mercury detection are protein based
biosensor and bacteria biosensor. Thewhole-cell bio-
sensor makes use of lux genes from Vibrio fischeri.
Thislux geneisfused with amercury-inducible mer
geneandisintroduced in Escherichia coli (CM2624).
Theresulting strain emitslight in the presence of mer-
cury ions. Theresult obtained isdirectly proportional
to the concentration of mercury ionsinthesoil®. Vibrio
fischeri isalso used asteat organism for the detection
of varioushbioavailabletoxicants. For the detection of
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bioavailable concentration of lead and cadmium, re-
combinant luminescent bacterid sensorsthat uses\Mbrio
fischeri asatest organismisalsoused. Thesensitivity
limitis0.3 ppb Cdi®-328727.66, Theis AB promoter was
fused with |uxAB genestaken from ibrio harveyi and
wasintroduced into the Synechococcus sp. strain PCC
7002. Luminescenceconfirmsthefreeferricion avail-
abilityl9,

In chromate whole-cell biosensor and mercury
whole-cell biosensorsanumber of promoter regions
have been identified as sensing el ements, sequenced
and cloned aspromoter cassettes. lUXCDABE reporter
system determinesthe specificity of the promoter cas-
settes. Two independent clones containing the copSRA
promoter region of the Alcaligenes eutrophus CH34
cop operon and the tetracycline marker were con-
structed in plasmid pUC18/fil. An Sl cassette con-
taining the mercury responsive e ementsfrom Tn501
was a so constructed and was used for mercury detec-
tion.

Inthe construction of copper whole-cell biosensor
the pM OL 30 copper resistance operon from Al cali-
geneseutrophuswas|ocated, sequenced and anaysed
(17, Catalytic DNA sensor with fluorescent detectionis
used for the detection of |ead®.

The metallothionein from the cyanobacterium
Synechococcus PCC 7942 and the MerR regulatory
protein from transposon Tn501 alow the detection of
non-specific metal binding downto 10M concentra-
tionsof Hg (I1) and Cu (I1) in puresolution. Thefusion
proteins GST-SmtA and MerR dissolved in phosphate
buffered saline wereimmobilized on gold rods pre-
treated with thioctic acid and coupled with 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochlo-
ride (EDC). When exposed to Hg (I1), Cu (l1), these
ionsgo and bind to these proteins and alarge confor-
mational changetakesplace. (Figure 1). Thischange
can be directly measured with the help of asuitable
transducer™. GST-SmtA biosensor that shows change

in capacitanceisused here. Thisbiosensorismost sens--
tiveto Cu(l1) at concentration lessthan 10 M and most
sengtiveto Hg(l1) concentration greeter than 107 M1,

A whole-cell sensor using thedkalinephosphatase
activity of thealgae Chlorellavulgarisandinterdigi-
tated conductometric el ectrodes are used in detecting
of cadmiumiong®. Thebioavailability of cadmiumand
lead can be anayzed by abiosensor using two kinds of
bacterium- oneis sensor bacteriathat reportsthe pres-
ence of thetoxicants by increasing the luminescence
whichisbeing controlled by protein, specificaly recog-
nizing thistoxicant and the second isluminescent con-
trol bacteriathat belongsto the sametype and same
host strain of the sensor bacteria. Thisluminescent con-
trol bacterialacksthemeta recognizing protein andthe
corresponding promoter. Both these bacteriaarefused
together and introduced into a host strain. Bacillus
subtilisBR151 (pTOO24) isused as sensor bacteria
and Saphylococcus aureus RN4220 (pTOO24) is
used asluminescent control bacteria Theluminescence
obtained isdirectly proportiona to the concentration of
theiong?®,

Thetwo wild strains of Halomonas sp and Bacil-
luspumilisareusedin biosensor isusedintheanadysis
of cadmium (Smilar to TBT andyssmentionedinsec-
tion 6 of this paper)®2.

Aminolevulinic acid dehydratase (ALAD) a
metall oprotein along with metallic co-factors shows
sengitivity towardstoxic metas. PseudomonasALADs
can be used as abiosensor for some heavy metal ex-
posed in aquatic environments. Nickel increased the
ALAD activity of Pseudomonas putida, Pseudomo-
nas pseudoal caligenes and Pseudomonas aureginosa
ATCC 27853. Manganese al so increased theenzymic
activity in Pseudomonas putida and Pseudomonas
aureginosa. Thereisanincreaseintheenzymicactivity
of both Pseudomonas pseudoal caligenes and
Pseudomonas putida withincreasing lead concentra-
tion?2,

Conformational change
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Figure1: Protein-based biosensor concept for measuring confor matlonal change upon binding of heavy metal ions”
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Huorescence quenching-based s derophore biosen-
sor that makes use of Parabactin extracted from cul-
tures of Paracoccusdenitrificansisused for the de-
tection of ferricions. Thisbiosensor inintegrated witha
flow cell system,

Mercury and Arsenic are detected using recombi-
nant sensorsthat consist of the host Escherichiacoli
MC1061 carryingthepmerRIuxCDABE plasmidinthe
case of mercury sensor and pard uxCDABE plasmidin
the case of Arsenic sensor®, A Whole-cell bacterial
biosensor isused for the detection of Arsenic. Thebac-
terial biosensorsfor this purpose are engineered by
pairing aluc operon reporter genefrom firefly Photinus
pyralisencoding theenzymeluciferase, that produces
adetectable cdllular response and acontaminant-sens-
ing genethat detectsthe contaminant andinturntrig-
gersthereporter gene. The contaminant-sensing gene
isthearsenic res stance genein gram-negative bacteria
that usually remainsinactiveintheabsence of As(I11).
Inthepresenceof Ag(l11) intheenvironment aseriesof
changes occur and various proteinslike ArsB, ArsC,
ArsD, ArsR are produced™.

Hal oarcheal whole-cell biosensorsfor the detec-
tion of cadmium and arsenic have al so been recently
devel oped*Y,

CONCLUSION

From theaboveexamplesit isclear that biosensors
haveawiderangeof application. Therea useof these
biosensorsiswhenitisapplied onfidd. Themain prob-
lem in biosensor technol ogy includes complexity of
environmental samplesand diversity of compounds.
Advancementsin materid fabricationtechnique, sgnd
transduction method, powerful computer softwares®
and useof Micro-Electro Mechanicd Sysem (MEMS)
wherethereisintegration of micron sized sensors, ac-
tuatorsand associated el ectronicsonasinglesilicon
substrate have attempted to solve these problems. Re-
searchisunderway in constructing biosensorsby using
nanomaterialstoimproveitsperformanceand sengtiv-
ity, use of bio-mimetic sensorsthat isbased on thetech-
niques such asmolecular imprinting and combinatoria
chemistry for environmental monitoring, multi-andyte
determination sensor®&3, Multidisciplinary approach
inBiosensor research will equip uswith highly sengtive
and specific biosensors,
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