ELECTROCHEMICAL BIOSENSORS
APPLICATION IN ENVIRONMENTAL, FOOD AND
CLINICAL ANALYSIS
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‘Electrodhentical Blosensoss -are. s 1 simpesmetsic o poresiometris
u:nxdu::m coupled with immobilized enzymes placed in intimate contact with
the sensor surface. Additional membranes cover Ihr transducer and the engyme
10 avoid clectrochemical and enzyme interferenc

These probes are highly ‘selective, stable -nf reproducible with response
time of minutes or seconds.

Recently biosensors have found unigue applications in envimonmental, food
and dinical snalysis

Organophosphorus and carbamiic. pesticides Bave been determined using i
choline hiosensor. The reaction inveolves the folloving reactions:

1) choline esters -+ choline + onganic acid
2) choline + 2 0y + HyO -+ beraine + 2 H,0,

Reaction | I catalysed by cholinesterase enzymes; reaction 2 is eatalysed by
eholine oxiduse.

The current ourput due 1o the oxidarion of H,0; ar a plarinum dectrode
is correlited to the concentration of choline esters preseat in solution.

Since the cholinesterase ensymes are inhibited by organophosphors and
carbamic pesticides, measurements in presence and absence of these compounds
result in a variation of chalinesterase activity which is correlared to the pesticide
present in solution

Fig, 1 shows the calibration curve of different organophosphorus insectici
des determined with the above described procedure.

This procedure was used for the determination of anticholinesterase activity
of some osganophosphorus pesticides in spiked waters

Table 1 shows same resuls obained measuring the Total Anticholinesteraze
Activity (TAA) with the biosensor for pesticides on fresh water samples from
several places in Ceatral Taly compared with G.C. or HPLC amalyses.

Electrochemical biosensors have heen also used for analysis of glutamate,
aspastate and lysine in food und pharmaceutical products
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Table 1 - Analyses of water samples.
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Enzymes as glutamate oxidase, aspartate transferase and lysine oxidase have
bﬂ:n immobilised onta polymeric membranes assembled on H,0; electrochemi
al transducers.
The reactions arc the following:
1} Aspartate + a-ketoghurarate -+ Gluamate + Oxalacetate
2) Glutamare + O, + H)0 - Q-ng‘uum + NH," + HO,
3) Lysine + O, + HO -+ a-Keto-z- Aminocaproate + NH," + H,O;

Reaction 1 is catalysed by the enzyme sspartate aminoiransferase and reac.
tion 2 by the engyme glutamate oxidase. The detection of H,0, by the platinum
clectrode gives a current signal which is correlated to the concentrarion of asper
tate and gluamate prescnt in samples.

Beaction 3 is catalysed by the enzyme lysine oxidase, Lysine in real mairix
a5 foodstuff and feeds is determined following the procedure shove deseribed.

Analysis of these compounds have been carried out in butch, flow through
and flow injection analysis.
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g, 3 - Reproduchily and response time of the bioprobe in flow through analyis and FIA 4=
rough: Iyine concentration in stancand solion. A= 3 x 1074 B= 1074H; C=2 104M;
beFIA: S, and S, foodku sampies. C.= e sancad 5310

Fig. 2 shows some results obtained measuring glutamate and wpartate using
- a FIA procedure.

Fig. 3 shows some results obtained measuring lysine in flow through and FIA.
Analysis of gluamare, sspartate and lysine carried out using standard pro-
cedhures correlated wel,

Application of biosensar in clinieal analysis led 1o the non invasive deter-
mination.of aleohol, lacate and ghicosc in saliva and sweat. The enaymes used
were aleohol oxidase, urease, glucose oxidase and laciate oxidase directly immo-
billsed onto the surface of selected electrochemical transducers.
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The reactions are the following:

Alcobl +0; + H,0 Alechol Oxiduse |y 6y covatdutiae
Lactute + 0, + H,0 Loctite Oxiduse p e, 0,
Glucose + O, + H,0 -Glicose Oxiduse | G1nie acd + 1O,

In all cases the HLO, produced wis detected amperometrically at platin
clecarodes and related to the concentration of the specific metsbolite present
solution

Alcohol has been monitored in saliva of the two subjects ater injection of
an aleohelic drink. Lactate in saliva hus been monitored in runners to meusure
their anserabic tecshold.

Glucose in saliva has bomn monitored in a diabetic patient 10 study the cor-
relation of glucosc in saliva and blocd.

Fig. 4 and 5 show respectively the profil of lactte in saliva in 4 subjecs
before and alter a physical excrcite and the profile of alcohol content in saliva
in a subject after drinking.
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4 - Lactme scidseamic curve. A, Sliva lacate messored while the subject was i the
saliva bactme mewared immedincly 15, 30 and 45 min, respecti
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Fig 5 - Subject A saliva eshanol vy time.

Research Activity on materials:

Que institution s involved in sensor ind biosensor research since 1985, it
developed several techniques and a large number of clectrochemical binsen-

ors for clinical, food wnd environmental analysis.
Moseover there is 4 large group working on materials {ceraimics, thick and
hin il techoology) for the realizrion of sensors for physical an chemical pu-




