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Traditional methods of monitoring bioprocesses rely 
either on removing samples with subsequent analytical 
chemistries or indirect monitoring by sampling the gas 
phase. 1 In recent years powerful new techniques have 
been developed for fabricating probes that have a high 
degree of biochemical specificity and provide the capa- 
bility to monitor directly key substances that influence 
and control cell behavior. 2 

Nearly all of today's biosensors (Figure 1) are com- 
prised of a biologically active material (e.g., enzyme, 
antibodies, binding protein) in intimate contact with a 
suitable optical or electronic system to convert the 
biochemical event into a quantifiable electrical signal that 
can be processed and transmitted. 3 The transducer ele- 
ment usually contains the chemistry that provides the 
selectivity of the device. The detector element is usually 
physical in nature, optical, thermal or frequency sensitive, 
primarily determines the sensitivity of the device, and 
selective membranes control the immediate environment 
of these subsystems. 4 

Biochemical transducer elements 

The biochemical reaction system (containing enzymes, 
organelles or cells) is chosen to generate a readily 
detectable species from the specific analyte of interest. If 

the generated species is an ion, then a potentiometri( 
detector such as a pH electrode or ion selective electrode 
might be used; on the other hand, if the reaction product L, 
either oxidizable or reducible, then an amperometric 
detector could be employed. The literature of this area i, 
quite extensive with the groups of G. Rechnitz, 5 S 
Suzuki 6 and G. Guilbault 7 being very prolific. 

The use of bioreceptors (antibodies or binding pro. 
teins 8 in conjunction with electrochemical and optical 
detectors for the purpose of bioanalytical sensing has beer 
pursued over the past 10 years. Numerous workers have 
attempted to devise a variety of indirect "immunosensor' 
devices for detecting drugs (haptens), hormones or anti. 
bodies. For example, several groups have employee 
electrodes to monitor enzyme-linked immunoassay~ 
in either homogeneous 9-1 z or heterogeneous configura 
tions, z 2 - 15 

Solsky and Rechnitz z6 immensely improved on the 
overall concept of directly measuring antibodies b) 
modifing an ion-selective carrier (e.g., crown ether) with 
low molecular weight analyte (hapten) and impregnatin~ 
this carrie~hapten conjugate into a poly(vinyl chloride 
membrane electrode. In the presence of anti- hapter 
antibodies, the membrane potential was altered because 
the carrier's ability to complex and transport sodium and 
potassium was changed. ~7-19 Additional experiments 
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have shown that such an antibody sensing electrode can 
also be used to measure the concentration of hapten 
present in a test solution by a competitive binding 
principle, i.e., the more hapten present, the less antibodies 
bind to the carrier-hapten conjugate in the membrane, 
and the smaller the potential change observed. 

Detector  technology 

Recently increasing attention is being given to miniaturiz- 
ation of these electrochemical sensors by the use of thin- 
film integrated circuit technology. 2°- 22 Research papers 
have demonstrated the feasibility of measuring on the 
order of 100 substances by electrochemical biosensors, yet 
very few have reached commercialization as continuous 
on-line sensors. Some of the problems relate to stability of 
the components, e.g., enzymes, organelles, materials 
(membranes, adhesives), to sterilization and exposure to 
biological fluids, as well as the drift of standard potentials. 
The main advantage of these devices, in addition to size, is 
that many modes of handling electrical signals are readily 
available, e.g., amplifiers, high impedance potential 
measuring devices or electrical signal processing circuits. 

Ion-selective electrodes have primary utility for 
inorganic cations and anions; however, organic com- 
pounds can also be measured if they exist in ionic form. 
Senker et  al., Buck and Freiser (Cunningham and Freiser, 
1982) have demonstrated that many basic biochemicals 
can be monitored by ion-selective electrodes that are 
"doped" with the compound of interest, that is, the carrier 
in the liquid membrane contains this compound. 23-25 

By using optical fiber wave guides, spectrophoto- 
metric, fluorometric and light scattering methods can be 
miniaturized to monitor very small samples, since the 
active portion of the sensor at the tip of the fiber is on the 
order of 1 lambda in volume. This capability has taken on 
special significance in recent years due to the ready 
availability of a variety of optical fibers and optoelec- 
tronic devices from the telecommunications industry. 26 
Optical fibers have been used to fabricate micro- 
colorimeters and microfluorimeters.27 However, it is only 
recently that optical fibers have been coupled to biochem- 

ical reactions for the purpose of developing miniaturized 
biosensor detector elements. 

There are two principal mechanisms by which light 
from an optical fiber interacts with the external environ- 
ment. In one mode, light emanates from the end of a 
cleaved fiber core, and behaves like a miniature flashlight, 
with a useful sampling volume confined to a distance of 
about 5 mm from the end of the fiber. 

Fiber-optic based analytical devices for physical pro- 
perties such as temperature and simple analytes such as 
pH, CO 2 and 0 2 have been demonstrated. 2s-3° An 
approach to measure biochemicals was introduced by 
Schultz and Sims. 31 These developments in optical bio- 
sensors have been reviewed by Seitz, 32 Peterson and 
Vurek 33 and Wolfbeis. 34 

Fluorescence immunoassays can be converted to cont- 
inuous biosensors by placing the bioreagents within a 
miniature hollow fiber dialysis compartment. An example 
of an optical biosensor for glucose based on this concept is 
shown in Figure 2.35 This system is based on the reversible 
competition between glucose and fluorescein labeled 
dextran for receptor sites on Concanavalin A (an 
antibody-like protein). In this sensor the receptor is 
immobilized on the inner wall of the hollow dialysis fiber, 
so as to separate spatially the bound FITC-dextran from 
the free FITC~lextran, allowing the latter to be measured 
by the optical system, which mainly "sees" the solution in 
the central region of the hollow fiber. This system is 
"reagentless," i.e., there is no net consumption of chem- 
icals required for its operation, and artifacts due to 
diffusional resistances do not effect the equilibrium 
response. 

Second mode of illumination is achieved by removing 
the cladding from the central core of an optical fiber, 
which produces an evanescent "halo" of light energy that 
penetrates the fluid near the core and is effective for 
measuring adsorbed species or solutes on or near the 
surface (about 100 ,~). Place et  al. have reviewed a variety 
of techniques that could be utilized for developing optical 
immunossays o n  s u r f a c e s .  36 Of particular interest in this 
regard is the utilization of total internal reflectance 
fluorescence (TRIF) as for biosensors as demonstrated by 
Andrade and coworkers. 
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Conclusion 

A wide variety of biochemical systems, e.g., enzymes, 
antibodies, binding proteins and bioreceptors, can be 
utilized with a number of detector elements to provide 
many opportunities for selective, sensitive and miniature 
probes. With advances in microfabrication of electronic 
as well as optic devices, on the one hand, and the 
capability (by genetic engineering) to produce and modify 
proteins to serve as analytical reagents, on the other, one 
can expect a new generation of biosensors that will 
provide the capability of monitoring and controlling 
bioprocesses both at the laboratory research level and at 
the commerical production level. 
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