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Abstract

Biosensors based on electrochemical sensors for multiple
analytes were the first scientifically proposed as well as
successfully commercialized biosensors.A long time
study has been done for electrochemical biosensors.A
typical platform for the construction of biosensors is
represented by transducers based on semiconductors and
screen  printed  electrodes.The  most  common
biorecognition components of biosensors are enzymes or
enzyme labeled antibodies.In this review, the description
of the principles of and the most typical applications for
electrochemical biosensors is done. Potentiometric,
amperometric and conductimetric are the three types of
relevant systems according to the operating principles
governing their method of the measurement and for each
group some representatives devices are described. In the
text, some of the most typical essays are also mentioned.

Keywords — enzymes electrode-immunosensor-
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I. Introduction

Electrochemical biosensor have been the subject of basic
as well as applied research for nearly fifty years[1]. It
has been stated that more than half of the biosensors
reported in the literature are based on electrochemical
transducers. A recent survey of the literature has
revealed that the electrochemical-based sensor platform
is the most common and in many cases the most
frequently cited in the literature [2, 3, 4, 5]. A review by
Stefan et al. (2000) has

revealed that electrochemical immunosensors
are gradually increasing in popularity in clinical analysis
and this is partly due to improved sensor design [6].
Similarly, Warsinke et al. (2000) demonstrated that the
electrochemical immunosensor is a  promising
alternative compared to existing laboratory-based
immunochemical assays [7]. Wang (2002) suggests in
his review of nucleic acid biosensors that the
electrochemical-based device will be responsible for
achieving future large-scale genetic testing [8]. This
may not be surprising considering that electrochemical
transduction

spossesses the following advantages: low cost; high
sensitivity; independence from solution turbidity;
easily miniaturized / well suited to microfabrication;
low power requirements; and relatively simple
instrumentation [9, 7].  These characteristics make
electrochemical transduction methods highly compatible
for implantable and/or portable hand-held devices. In
general, there are several approaches that can be used to
detect electrochemical changes during a biorecognition
event and these can be classified as follows:
amperometric;  potentiometric;  impedance;  and
conductometric.

1.1 Amperometric

In the amperometric approach, the signal transduction
process is accomplished by controlling the potential of
the working electrode (i.e., usually an inert metal) at a
fixed value relative to a reference electrode (usually
silver / silver chloride), and monitoring the current as a
function of time. The applied potential serves as the
driving force for the electron transfer reaction, and the
current produced is a direct measure of the rate of
electron transfer. Amperometric biosensors take
advantage of the fact that certain molecules can be
oxidised or reduced at the working electrode (i.e., gold,
carbon, platinum, etc). If the working electrode is driven
to a positive potential an oxidation reaction occurs, and
the current flow depends on the concentration of the
electroactive species (analyte) diffusing to the surface of
the working electrode. Similarly, if the working
electrode is driven to a negative potential then a
reduction reaction occurs. A third electrode called the
counter (or auxiliary) electrode is often used to help
measure the current flow. In most cases the bioreceptor
molecule is immobilized on the working electrode, and
as the analyte diffuses to the electrode surface the
current generated reflects the rctionea occurring between
the bioreceptor molecule and analyte. A recent review
by Habermuller et al. (2000) discusses various electron
transfer mechanisms [10]. It is important to note that at
least 150 articles have been published over the past
decade on improving the electron transfer mechanism in
amperometric biosensors [10].
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The amperometric sensor for glucose is the most studied
of all biosensors, noting that it employs an enzyme
(glucose oxidase) to catalyse the conversion of glucose to
gluconic acid [3, 11,12]. Similarly, the amperometric
approach has become widely used for the detection of
nucleic acid and antigens for disease identification /
diagnosis [7, 15, 14 15]. In fact, amperometric
transduction is the most suitable and common
electrochemical detection method in immunosensors [6]
Another important application of the amperometric
biosensor has been in environmental monitoring of
pesticides [16]. These biosensors are highly sensitive,
rapid and inexpensive [17]. In addition, they display a
high degree of reproducibility, which removes the
need for repeated calibration [18]. A possible limitation
with amperometric transduction is the interferences that
arise from electroactive compounds / species, and this
can sometimes generate a false current reading [18].
However, these problems have been largely eliminated
by the use of electrodes coated with various polymers
[19,20].

1.2. Potentiometric

In this method the analytical information is obtained by
converting the biorecognition process into a potential
signal. A permselective ion-conductive membrane is
normally used to measure the potential signal, which
occurs when the analyte molecule interacts with the
surface. A high impedance voltmeter is used to measure
the electrical potential difference or electromotive force
(EMF) between two electrodes as shown in Figure 1,
noting that potential measurements are made at near
zero current. One of the electrodes develops a change in
potential as a function of analyte activity or
concentration in solution and this electrode is known as
the indicator electrode or sometimes called an ion-
selective electrode (ISE). The potential response of
an ISE is described by the Nernst equation (i.e., the
potential is proportional to the logarithm of the
concentration of the substance being measured). The
second electrode is the reference and is used to complete
the electrochemical cell by providing a constant half-cell
potential, which is independent of the analyte
concentration. ISEs are chemical sensors with the
longest history and with the largest number of
applications [4, 5, 21]. In fact, billions of measurements
are performed each year in nearly every hospital all over
the world [21]. This comes as no surprise considering
that these devices are well known for providing direct,
rapid, maintenance-free and non-expensive
measurements [18, 21].

Most of the work that is reported in the literature
on the potentiometric sensor for antigen and DNA
detection has employed the indirect approach. This

involves measuring a change in either the pH or
changes in the ionic concentration of an elemental
species, which occur during a biorecognition event. A
common strategy that has been employed is the use of
enzymes to catalyse the consumption or production of
protons and/or charged elemental species [18]. Uithoven
et al. (2000) demonstrated that this detection platform
can rapidly (<15 mins) monitor biological warfare (BW)
agents using an enzyme-immunoassay approach [22]. In
this process, a BW agent forms an immunocomplex with
both a fluorescein-labelled antibody and a biotin-
streptavidin- labelled antibody [22]. The fluorescein-
labelled  immunocomplex undergoes a  further
complexation reaction with an anti-fluorescein urease
conjugated antibody and the enzymatic breakdown
of urea causes a change in pH, which s

detected potentiometrically [22]. More importantly, the
biosensor employs an eight-channel instrument, and has
been designed to assay up to eight BW agents
simultaneously [22]. A similar but much simpler
approach developed recently by Purvis et al. (2003)
involves the formation of an enzyme labeled immuno-
complex at the surface of a polypyrrole-coated gold
electrode [23]. Detection is achieved by a secondary
reaction that produces charged products (i.e., changes in
the redox state, pH and/or ionic strength), and the

potential shift is measured at the sensor surface [23].
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Fig. 1 A typical experimental set-up
using potentiometric-based sensing.

Some reports suggest that potentiometric transducers
cannot provide the required sensitivity for the detection
of antibody-antigen reactions [6]. However, a light
addressable potentiometric sensor (LAPS) based on field
effect transistor (FET) technology has proved to be
highly successful for immunoassay of various pathogens.
A LAPS device consists of n-type silicon doped with
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phosphorus and an insulating layer. The FET is used to
detect changes in the potential at the silicon-insulator
surface [17,24]. A LAPS measures an alternating
photocurrent generated when a light source, such as a
light emitting diode (LED), flashes rapidly. Lee et al.
(2000) developed a LAPS biosensor to detect
Newcastle disease virus and report a detection limit
of ~2 ng/ml [25]. Likewise, Ercole and coworkers
(2003) used LAPS for the detection of Escherichia
coli in various foods [26]. It is reported that
Escherichia coli can be detected down to 10 cells/ml,
which represents a significant improvement in sensitivity
compared to conventional methods [26]. More recently,
LAPS was used to identify the virus Venezuelan equine
encephalitis [27]. In this study, an immunofiltration
enzyme assay was used in conjunction with the
LAPS device, and a limit of detection of~30ng/ml
was achieved[27].

1.3. Electrical Impedance Spectroscopy

Electrochemical impedance spectroscopy (EIS) is a
method that has only recently become a popular tool for
bioreceptor transduction [31,32]. A review by Katz and
Willner (2003), which has cited almost 200 references,
suggests that this technique has played an important
role in biosensor development over the past decade
and will continue to play a significant role in the future
[33]. Impedance spectroscopy has been widely used by
many research groups to detect DNA hybridisation [34,
42,35], antibody- antigen reactions [36, 37], and enzyme
reactions [32, 33, 38]. In EIS measurements, a
controlled AC electrical stimulus of between 5-10
mV is applied over a range of frequencies, and this
causes a current to flow through the biosensor, which
depends on various processes. During a biorecognition
event the interfacial characteristics (i.e., capacitance and
resistance) of the biosensor change, and the application
of a wvoltage perturbation allows the interfacial
capacitance and resistance to be evaluated. Typically, a
conventional three-electrode system (i.e., counter,
reference and the working electrode) is used to
monitor the current variations, noting that a potentiostat
/ galvanostat and a lock-in-amplifier or a frequency
response analyzer (FRA) are used in the detection
process. The role of the lock-in-amplifier or FRA is
to supply the excitation waveform over a range of
frequencies and measure the AC current and voltage
waveforms. A potentiostat is normally incorporated into
to provide high input impedance, and is also used when
precise control of the electrode potential is required. An
important feature of EIS is that it is able to provide
‘reagentless’ or ‘label-free’ sensing, which makes it
highly attractive for real-time monitoring.

1.4. Conductometric

Conductometric-based biosensors  harness  the
relationship between conductance and a biorecognition
event. Most reactions involve a change in the ionic
species concentration and this can lead to a change in
the solution electrical conductivity or current flow [18].
Essentially, a conductometric biosensor consists of two
metal electrodes (usually platinum or silver) separated
by a certain distance. Normally an AC (alternating
current) voltage is applied across the electrodes, which
causes a current flow to be sustained between them.
During a biorecognition event the ionic composition
changes and an Ohmmeter (or multimeter) is used to
measure the change in conductance between the metal
electrodes. Some recent studies have shown that this
technique is capable of rapidly detecting (<10 mins)
various food borne pathogens (i.e., Escherichia coli
0157:H7, Salmonella) [28,29]. Alocilja and coworkers
used a conductive polyaniline label in the sandwich
immunoassay scheme, which significantly improved
the sensitivity via the formation of a conductive
molecular bridge between the two electrodes [30, 29].
Unfortunately, one of the major issues with this
technique is that the sensitivity is generally inferior
compared to other electrochemical methods [18].

1.5. Electrode Materials
Gold and carbon are the most common materials used to
carry current / charge during an electrochemical event
However, the development of nanomaterials as
electrodes for electrochemical-based detectors represents
an exciting area of research. The ability of carbon-
nanotube modified electrodes to promote electron-
transfer reactions of important biomolecules has been
recently repo reported by Wang and coworkers [40,41].
Carbon nanotubes represent a new class of materials,
which are composed of graphitic carbon with one or
several concentric tubules, and have shown promising
results in DNA- and enzyme-based biosensors [42,
40,41]. Likewise, gold and alumina nanotubules have
been exploited as membranes for biomimetic ion
channels and sensing applications [43, 44].
Consequently, the development of nanomaterial sensors
has the potential to revolutionise the biocanalytical,
biomedical and pharmaceutical fields [44].

There has also been considerable interest in the
development of biosensors that use conductive
polymers (e.g. polyaniline, polypyrrole) as an
electrochemical transducer [23, 30, 45, 46]. The
conductive  polymer is wusually prepared by
electropolymerisation of the monomer onto a metal
surface such as gold. The growth in the use of
conductive polymers has primarily been stimulated by
improved response characteristics such as increased
sensitivity, stability, and reproducibility. The response
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characteristics ~ (i.e.,  sensitivity, stability,
reproducibility, etc) of polymer-based sensors
are greatly dependent on the mode of polymerization,
the monomer concentration, and the counterions used
during polymerization [23]. By varying these
parameters, it allows the surface properties of the
biosensor to be modified, and this feature can be used
to optimise the transduction signal

Screen printed electrodes have also attracted a
great deal of attention recently [47, 48, 49, 23, 52,
146, 50]. This technology, as shown in Figure 2, is a
particularly attractive procedure for the mass
production of disposable electrodes [51]. It is well
known that “memory effects” and ‘“membrane
fouling”, which are sometimes observed with
electrochemical-based biosensors can be alleviated
when using disposable sensors. Disposable biosensors
prepared by screen-printing technology are
characterised by high reproducibility, low cost and
require no calibration. More importantly, this
technology has been widely used as a platform in
DNA-, immuno and enzyme-based biosensors [46,
56, 69,70, 88, 105, 110, 111].

Fig. 2 Disposable screen-printed electrodes

1.6. Microelectrodes

Microelectrodes represent a major area of biosensor
research and development [54]. The use of
microelectrodes offers many advantages such as
imparting stir independent response characteristics,
lower limits of detection, and increased sensitivity [19,
55]. These advantages make microelectrodes very
attractive for in vivo biosensor studies. Recently, Higson
et al. (2004) developed a novel sonochemical approach
in the fabrication of a microelectrode array enzyme-
based glucose biosensor [56]. When a polymer-modified
electrode is sonochemically ablated it exposes localized
areas on the electrode surface, which act as individual
microelectrodes and collectively as a microelectrode
array [56]. It was shown that this approach generates a
biosensor  with significantly improved response

characteristics [56].

2. Conclusion

Electrochemical biosensors have existed for nearly fifty
years and seem to passess great potential for the future.
This technology gains pratical usefulness from a
combination of selective biochemical recognition with
the high sensitivity of electrochemical detection. Thanks
to current technological progress, such biosensors
project from miniaturized electrochemical
instrumentation and are thus very advantageous for
some sophisticated applications requiring portability,
rapid measurement and use with a small volume of
samples. Numerous commercial applications confirm
the attractive advantages of electrochemical
biosensors
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