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Abstract

Immunosensors, which are basically integrated and
miniaturized immunoassay systems, are advanta-
geous in several ways. In addition to their high sen-
sitivity, selectivity, simplicity, multi-analysis capabili-
ty, and on line and real time detection abilities, they
are both very small and relatively inexpensive instru-
ments. The signal transducing system, a core tech-
nology in immunosensor manufacture, has been
extensively studied, especially with regard to three
primary categories; namely, electrochemical, opti-
cal, and mass sensitive transducers. This article
addresses signal transducing technologies that have
been developed in the past few years, and also dis-
cusses possible future major trends in signal trans-
ducers.
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Introduction

The immunoassay method, in particular, has attract-
ed a great deal of attention in this regard, since anti-
bodies are capable of recognizing target analytes
among structurally relevant molecules, and can be
developed to operate against any specific molecule.
Immunoassay methods including enzyiirked
immunosorbent assay (ELISA), Western blotting,
fluoroimmunoassay, chemiluminescent immunoassay,
and radioimmunoassay (RIA) techniques have been
developed for the detection of target analytes. Among
these methods, competitive and sandwich binding
immunoassay (e.g., ELISA) are the most extensively
utilized for quantitative measurements (Figure 1).
Sandwich ELISA, as compared to competitive ELISA,
evidences both high specificity and sensitivity, due to
the use of two paired antibodies. Despite the high
degree of sensitivity, selectivity, and precision possi-
ble with these immunoassay techniques, the methods
also have attendant disadvantages. Firstly, analysis
time with these techniques is relatively long due to
the multistep nature of the procedure. Secondly, the
techniques tend to be somewhat expensive, and re-
quire qualified experts and expensive apparatus for
proper applicatiot. Therefore, the development of a
novel immunesensing system with high sensitivity,
high selectivity, low cost, mukanalysis capability,
and high throughput is considered to be an attractive
objective, and the production of such a tool would
probably result in the supplantation of conventional
immunoassay techniques.

Immunosensors, which are integrated and miniatur-
ized immunoassay systems, have already been devel-

Biosensors are analytical devices based on sensingped as alternatives to the conventional techniques.
biomolecules (microbes, enzymes, antibodies, nucleo-They combine the high specificity of immunoassays
tide, and artificial receptors). The reaction of a sens-and the convenience of an integrated detection sys-
ing biomolecule with a target analyte results in a con-tem. Immunosensors have many advantages over
version to a detectable signal. The principal advan-conventional immunoassay methods, most notably
tages of biosensing devices include their specificity, their simplicity, convenience, muléinalysis capabili-
sensitivity, simplicity, short detection time, and com- ty, on line and real time detection abilities, economy,
pact integratioh Following the production of the and size. Due to these advantages, immunosensors

first biosensor by Clark and Lyons in the 1960ke

are currently regarded as a promising candidate for

technology has been increasingly employed in a vari-point-of-caretests (POCT) in clinical applications
ety of applications in which measurements of biologi- and on site monitoring in the environmental and food
cal information are required. Biosensing devices haveprocessing fields.

been utilized in clinical, environmental, pharmaceuti-

According to the signal sensing principle, immuno-

cal, and food safety applications, because they aresensors can be classified into three principal cate-
capable of detecting trace amounts of target analytesgories electrochemical, optical, and mass sensitive.
via the use of highly sensitive and selective biorecep-In this study, immunosensors are described in detail,

tors.

with an emphasis on the signal transduction technique.
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current generated via electrochemical reactions. Fre-
Electrochemical Immunosensor quently, electrochemically active labeling is required
in order to elicit the electrochemical reaction of the
Electrochemical immunosensors are capable of de-analyte, as the analytes usually cannot function as
tecting immuneaffinity binding on electrochemical redox partners. The most common electrochemical
transducers, including potentiometric, amperometric, labels are enzymes, most notably horseradish peroxi-
impedance, capacitive, and conductometric transduc-dase (HRP) or alkaline phosphatase (AP), as they are
ers. Potentiometric immunosensors are predicated omble to catalyze the electrochemical reaction. A vari-
the measurement of surface charges or potentiakty of studies have involved the development of am-
changes on the interface of transducers, via immuno perometric immunosensdfs? Amperometric tech-
reaction. Many researchers have developed potentioniques have also been employed to monitor analyte
metric immunosensors for the measurement of clini- binding in the absence of a labeled compound. An
cal or environmental analyfedHowever, potentiomet  antibody immobilized on a polymenodified elec-
ric immunosensors evidence two serious disadvan-trode has been also utilized with pulsed amperometric
tages, in terms of nespecific binding with hetero- detection (PAD). The current acquired at the immuno-
geneous antigens, and high background signal. chemical/polypyrrole based electrodes occurs via the
Impedance immunosensors can measure directlyfollowing steps: the diffusion of ions to the electrode;
the electrical properties of an immunoassay. The for-charge transfer at the porous polypyrrole membrane
mation of an antigen-antibody complex on a conduc-interface; migration through the polymer membrane;
tive support alters the impedance characteristics ofand finally the adsorption-desorption of the analyte at
the interface, and impedance spectroscopy has beethe immunochemical/polypyrrole interface with the
extensively utilized to measure the resistive or capa-solution. The slow rate limiting step of the adsorption
citive change attending this reactfioRecently, Miao  -desorption process can be controlled by the selection
and Guan developed an impedance based immunoef electrical potentidf. PAD immunoassay techni-
sensor fora-fetoprotein by immobilizing an anti  ques are utilized for analyte detection in either static
human monoclonad-fetoprotein IgG onto a poly- or flow injection mode via the application of pulsed
aniline modified carbon electrode. Electrochemical potentials between sensor surfates
impedance spectroscopy (EIS) confirmed that the elec Recently, Kermart al described a labdtee elec-
tron transfer resistance increased wdttfietoprotein  trochemical immunosensor for clinical diagnosis,
levels in the range of 200-800 ng/fnL which was predicated on the direct electrochemical
The principle of capacitive immunosensors involves response (current signal) of the antibealytigen
measurements of changes in electrical conductivity atbinding'®. This work established an extraordinarily
constant voltage, caused by ion generation or con-useful platform for the development of simple and
sumption upon immureeaction. A norcompetitive effective amperometric immunosensors, without the
capacitive immunosensor which could detect PSAneed for labeling. In recent years, scrpeinted elec-
was previously developed by Fernandez Saneltez trodes have come to the forefront as an alternative
al.8. Their laterafflow immunosensor was fabricated material for the development of disposable electro-
on an electrochemical transducer, which was coatecchemical immunosensors. Figure 2 shows the princi-
with a pHsensitive polymer. This immunosensor for- ples of competitive electrochemical immunosensors
mat is useful in the fabrication of a disposable im- constructed using scregminted electrodes.
munosensor. They also described an impedance im- Conductometric transducers have also been utilized
munosensor which operated via a similar prinfiple  in the fabrication of immunosensors. Kenal inves-
Amperometric immunosensors can measure thetigated an immun@ehromatographic assay system
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predicated on conductometric detection by using col-evidences highly sensitive measurement capacity. The
loidal gold with polyaniline, as a signal generator, most common chemiluminescent analytical techni-
bound to the metal surfaelIn order to overcome ques include direct chemiluminescent tags, chemilu-
the electron transfer barrier resulting from the pre- minescent substrate labels, and enzyme labels. In the
sence of protein, they introduced a conducting poly-direct chemiluminescent tag method, chemilumines-
mer (polyaniline) as a conductivity modulatory agent cent tags (e.g., acridinium ester and acridinium sul-
on the gold surface after immobilizing an antibody fonamide ester) are labeled on an antibody or antigen.
specific to human albumin, which was employed asFolllowing immunoreaction, the labeled tag reacts
the target analyte. The signal was then amplified viawith peroxide to emit light. In both methods using
the conductometric technique, and the results werechemiluminescent substrates, including luminol and
compared with those generated via conventionalisoluminol, and enzymes (e.g., HRP and AP), a
analytical methods. chemiluminescent enzyme reaction occurs, resulting
in the generation of chemiluminescent products after
immunoreaction. Chemiluminescent signals are pro-
Optical Immunosensor portional to the concentration of the antiga@rtibody
complex. The use of enzymes can amplify the signal
Optical detection methods, including colorimetric, generated in a chemiluminescent immunosensing sys-
fluorescent, chemiluminescent, and surface plasmortem. Early researchers developed a chemiluminescent
resonance (SPR), have been applied to immunoassaynmunosensor using phenacyl phosphate as a chemi-
systems as well, largely due to their ability to provide luminescent substrate and microttfbélowever, this
visible, quick, and electric noise free signal genera-immunosensor was both time consuming and irre-
tion. The colorimetric detection technique is exten- ducibly complex. Therefore, many researchers have
sively utilized for rapid test kits in clinical diagnoses. attempted to fabricate a more simple and better auto-
Conventionally, color dye or gold particle tagged mated sensing system. Let al described a nen
immunoassays have been commercially utilized for competitive enzyme immunoassay which utilized
the detection of clinical analytes. Our group previ- flow-injection chemiluminescenée Additionally,
ously described the fabrication of a colorimetric our group reported that a chemiluminescent immuno-
immuno sensor based on sandwich ELISA technolo-sensor predicated on the sandwich ELISA technology
gy and lateral flow immunehromatography, which and the lateral flow immunohromatography techni-
was used to dete@scherichia coliO157 : H7. The  que was fabricated in order to deté&ctcoli 0157 :
performance of the proposed immuno sensor wasH7%2.
evaluated in water samples. The results indicated that SPRbased immunosensors utilize an evanescent
the lower limit ofE. coliO157 : H7 detection was 10 wave phenomenon to detect changes in the refractive
colony forming units (CFU) per miL In clinical ap- index of the surface medium, as is shown in Figure 3.
plications of immunosensors, a fluorescent detectionOver the past few years, immunosensors utilizing sur-
system has also been widely applied in the design oface plasmon resonance (SPR) have been developed
immunosensoré!® for the measurement of antigens bound to antibodies
Chemiluminescent immunosensors are predicatedmmobilized on the SPR sensor surface, which can
on the measurement of a sensitive chemiluminescentletect analytes (antigen) in complex biological media.
signal generated via immunoreaction. This form of These immunosensors provide sensitive, Hitss,
immunosensor may prove to be an effective opticalreattime detectiof*2%. However, due to the fact that
immunosensing system, as it does not require a lighthe concentrations of analytes in a biological system
source, making it a fairly simple instrument, and also tend to be extremely low, the sensitivity of such sys-
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tems must be significantly enhanced in order to reli-
ably detect biological materials. The sensitivity of a Incident laser
SPR immunosensor for the detection of very-ow
concentration antigens can be augmented by control:
ling the orientation of antibodies immobilized on the
SPR sensor surface. When antibodies are immaobilizec
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on a solid surface, their binding activity is generally Rl

less profound than that of free antibodies. Therefore, ‘ _
the immobilization method for antibodies in such sys- Ag-Ab interaction
tems requires also that the antibodies be immobilized

in a highly oriented manner. Several techniques have
been assessed for the fabrication of oriented antibod)
molecules on solid matrix surfaces. For instance, the
Langmuir Blodgett (LB) technique and the sadfsem

bly technique have been applied to the fabrication of
protein thin filmg”2°,
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Figure 4. Principles of microcantilever immunosensor; can-
tilever bending caused by antigantibody interaction and
Mass based Immunosensor optical reagout method for a cantilever bending.

The study of mass based immunosensors has focus-
ed principally on quartz crystal microbalance (QCM) silicon nitride or polymer materials, and their dimen-
immunosensors. The QCM device is composed of asions range from tens to hundredsiof long, tens of
quartz crystal wafer, the thickness of which can vary, um wide, and hundreds of nm in thickness. This type
sandwiched between two metal electrei&s Due to of immunosensor can be fabricated in arrays compris-
its simplicity, convenience, low cost, and real time ing many microcantilevers, and they are therefore
detection capability, this method has proven impor- useful as an alternative to conventional protein chips,
tant for biomolecule detection. without the need for labelidg

In recent years, microcantilever sensors have been
introduced as a type of makased sens¥** Micro-
cantilever sensors can extremely sensitively measure Conclusion and Prospectus
the molecular adsorption on a microcantilever, which
results in a change in its resonant frequency, as is The immunoassay method has been recognized as
shown in Figure 4. When the specific binding of bio- an important assay system, because antibodies are
molecules occurs on the surface of the microcan-able to recognize the target analyte among structurally
tilever, intermolecular nanmechanical force induces relevant molecules, and can be developed against any
the cantilever to bend, which allows for the measure-specific molecules. Despite the many advantages of
ment of changes in cantilever deflection. Microcan- the immunoassay technique (high sensitivity and selec
tilever sensors are capable of detecting signals causetivity), it has disadvantages as well including rela-
by the presence of a molecule on a biosensor surfaceijvely long analysis time due to the mudtep proce-
without the need for labels and reporter molecéifés  dure, relatively high cost, and the need for qualified
Microcantilevers are typically constructed of silicon/ experts and expensive apparatus for proper operation.
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To overcome these disadvantages, a novel immuno vitellogenin detection in plasma from ca@yfrinus
sensing system has been developed, which is highly carpoi. Talanta72, 785790 (2007).

sensitive, highly selective, inexpensive, high through- 5. Liu, C.H., Liao, K.T. & Huang, H.J. Amperometric
put, and has mukanalysis capability. Immunosen- immunosensors based on protein A coupled polyani-
sors, which are essentially integrated and miniaturized ~ line-perfluorosulfonated ionomer composite elec-

immunoassay systems, have many advantages com- t;(;]desAn?l. ICTDemYIZ 2925%92? (28.00)' for th
pared to conventional immunoassay systems, namely: &- ZNU. Q.et al. Development of a biosensor for the
detection of carcinoembryonic antigen using faradic

§implicity, convc_enience, mL_HEinaIy_sis Capabil?ty, on impedance spectroscopghem. Lett34, 16821683
line and real time detection, miniaturization, and (2005) ’

economy. The signal transducing system, a core 7 \iao,y.Q. & Guan, J.G. Probing of antibedgtigen
immunosensor technology, has been extensively stud- eactions at electropolymerized polyaniline immuno-

ied, specifically with regard to three major categories;  sensors using impedance spectroscémgl. Lett.37,
electrochemical, optical, and mass sensitive trans- 10531062 (2004).

ducers. In particular, label free sensing systems (e.g., 8. FernandeSanchez, C., McNeil, C.J., Rawson, K. &
SPR and QCM) have been under intensive develop- Nilsson, O. Disposable noncompetitive immunosen-
ment over the past few years. These signal transduc- sor for free and total prostaspecific antigen based
ing technologies allow for the direct measurement of ~ on capacitance measuremefhal. Chem76, 5649

biomolecular interactions, without the need for label- 5656 (2004). o .
ing. 9. FernandeBanchez, Cet al Quantitative impedimet-
Additionally, major trends in immunosensors in- ric immunosensor for free and total prostate specific

| ; hiaher th h P _antigen based on a lateral flow assay forr#ctro-
clude tendencies toward higher throughput, miniatur chem. Commui, 138143 (2004)

ization, lower detection limits, higher integration, and X
more useffriendly and prosaic equipment. Nanotech- 10. lonescu, R.Eet al Com_pa_rlson between the perfor-

. . ) mances of amperometric immunosensors for cholera
nology and micreelectro mechanical systems (MEMS) antitoxin based on three enzyme mark&sdanta66
technology are currently being widely applied to 15-20 (2005). '
immunosensor research, and will eventually lead t011 | J. et al Amperometric immunosensor based on
the development of novel immunosensors with low polypyrrole/poly(mpheylenediamine) multilayer on
detection limits, miniaturized and integrated instru-  glassy carbon electrode for cytokinirt-f>isopen-
mentation, high throughput, and simultaneous multi tenyl) adenosine assajnal. Biochem321, 89-95
analyte detection capability. These trends should apply  (2003).
in parallel in the future development of immunosen- 12. Purvis, D., Leonardova, O., Farmakovsky, D. & Cher-
sors for clinical, environmental, and food safety mon- kasov, V. An ultrasensitive and stable potentiometric
itoring applications. i(r;orrcl)lér)]osensorBiosens. Bioelectraril8, 13851390
13. Skladal, P. Advances in electrochemical immunosen-

sors.Electroanalysi®, 737745 (1997).
14.Bender, S. & Sadik, O.A. Direct electrochemical

. . . immunosensor for polychlorinated biphenyEnviron.
This work was supported by the Ministry of Envi- Sci. Technol32, 788797 (1998).

ronment as “The Ectechnopia 21 project”.
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