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Preface

Biotechnology has its roots in the science of molecular biology and microbiology. Advances in
these two areas have been exploited in diverse ways for basic studies in life sciences and also for
production of industrially important biomolecules. Today biotechnology has wide applications. Some
of the remarkable biotechnological achievements have been mentioned below.

The wedding of biochemistry with microelectronics has resulted in construction of miniature
biosensors, which will lead to the discovery of workable molecular switching devices, the true
biochips. Biosensors have tremendous potential in sports medicine, nutrition, food quality monitoring
and indication of pollution load. Recent biotechnological tools have enabled us to effectively diagnose
various diseases including gastric and intestinal ulcers. There are opportunities for development of
tools for diagnosis, prevention and cure of heritable disorders such as sickle cell anaemia. Significant
progress has also been made for diagnosis of cancer using monoclonal antibodies and other probes.

Our present knowledge on micro-organisms has enabled us to use these tiny creatures for
various useful purposes. Laccase obtained from fungi are now widely used in food, beverage
industries, wine preparation, fruit-juice stabilization, baking, production of ethanol etc. Further, the
micro-organisms, adapted to extreme environmental conditions, have plenty of biotechnological utilities.
A large group of microbes are now successfully utilized for solubilisation and recovery of precious
metals from mining and industrial solid wastes.

Biotechnological tools have helped us boost aquaculture through improved fish health, brood
stock optimization and aquatic bioprocessing. Significant progress has also been made of
bioremediation in soil and aquatic bodies.

Photonic application in life sciences has immense potentiality to understand regulation of biological
functions, cell growth and differentiation etc. Recent advancements in structural biology,genomics
and bioinformatics have enabled scientists to design protein molecules for desirable biological
functions. Drug designing, designer proteins, proteins as nanoparticles are some of the recent
developments in protein biotechnology.

The list of biotechnololgical applications is unending. The chapters in this book describe some
of the fruitful applications of biotechnology in diverse areas. The authors of various chapters of
this book have compiled a lot of useful information. We express our gratitude to all the authors for
sparing valuable time in fulfilling their commitments, and sincere thanks to all our friends, colleagues
and family members who have inspired us to complete this herculean task.

C.S.K. Mishra
Pascale  Champagne
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1
Applications of Amperometric Lactate

Biosensors
Nadia Nikolaus and Beate Strehlitz

UFZ Centre for Environmental Research, Permosertr 15, D-04318, Leipzig, Germany

INTRODUCTION

As per the definition of the International Union of Pure and Applied Chemistry (IUPAC), a
biosensor, in contrast to biotic sensors or biotests, is a self-contained, integrated receptor-
transducer device which is capable of providing selective quantitative or semi-quantitative
analytical information and which uses a biological recognition element (bioreceptor) and a
transducer in direct spatial contact (IUPAC, 1996). Biosensors combine biomolecular recognition
reactions with appropriate physico-chemical transducers; thereby converting information about
the concentration of a particular analyte in the sample into an electrical signal (Lowe, C.R,
http://www.biot.cam.ac.uk/crl/crl4.html).

Amperometry is based on the measurement of the current resulting from the electrochemical
oxidation or reduction of an electroactive species (Thévenot et al., 1999). Amperometric
biosensors offer a sensitive and selective means to monitor organic analytes like lactate, a key
metabolite of the anaerobic glycolytic pathway. This compound plays an important role in
(sports) medicine, in the nutritional sector, in food quality control and raises environmental
concerns.

In this chapter, different possibilities for the preparation of amperometric lactate biosensors
are described and various application fields are highlighted.

Fig. 1: L-(+) and D-(–) enantiomers of lactate.

LACTATE

Lactate is the key metabolite of the anaerobic
glycolytic pathway. Lactic acid exists as L-(+) and
D-(–) enantiomers (Fig. 1).

While L-(+)-lactate is the normal intermediate in
mammalian metabolism, the D-(–) enantiomer is
usually produced by micro-organisms, algae, and
plants (Mazzei et al., 1996). In the late 1960s, the
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World Health Organization (WHO) recommended that the daily intake of D-lactate should not
exceed 100 mg/kg D-lactate (Shu et al., 1995b). This was due to the results of Cori and Cori
(1929) and Medzihradsky and Lamprecht (1966) suggesting that D-lactate utilization is limited
in humans. However, later studies proved that for healthy subjects, no accumulation of D-lactate
after its consumption was detectable (Connor et al., 1983). For this reason, the WHO abolished
the advised limit of D-lactate intake in 1974 (FAO/WHO, 1974, Walther, 2006).

Lactate plays an important role in many areas of life. In intensive care and surgery, the
determination of L-lactate concentration in blood is essential for the diagnosis of patient condition.
An elevated lactate level in blood is a major indicator of ischemic conditions of the respective
tissue. This ischemic situation can be caused by different types of shock, suffocation and
respiratory insufficiency, carbon monoxide or cyanide intoxication, heart failure, etc. (Pfeiffer
et al., 1997, Yang et al., 1999). Another reason for a disturbed lactate level includes problems
in the metabolism of lactate which may be caused by diabetes or absorptive abnormalities of
short-chain fatty acids in the colon (Bleiberg et al., 1991).

In other fields of medicine lactate, is also a prominent component. In sports medicine
(training of athletes or racing animals) or space medicine, blood lactate levels during exercise
are the indicator of training status and fitness (Pfeiffer et al., 1992, Iwuoha et al., 1999, Parra
et al., 2006). In dental care, D-lactate produced by carbohydrate-fermenting plaque has proven
to account for the formation of dental cavities (Shu et al., 1995b).

However, the importance of lactate is not limited to the medical sector. D- and L-lactic
acid can be found in many foods and beverages. Produced naturally by lactic acid bacteria,
D- and L-lactic acid are present in many fermented milk products such as yogurt, buttermilk,
and cheese; in fermented vegetables like sauerkraut or Korean kimchi; in cured meat and
fish. L-lactic acid is added to foods and beverages in order to give a tart flavor, and is
widely used as a non-volatile acidulant. However, there is an undesirable occurrence of lactate
in foodstuff. In the egg industry, an increased occurrence of L-lactate is an indicator of
spoilage by contamination or incubation (Megazyme, 2005). Similarly, D-lactate acts as an
indicator for the contamination of tomato products or vacuum-packed chilled meat. The
quality of milk, beer, fruit and vegetable juices can be assured through the measurement of
the D- and L-lactic acid content. A contamination of fruit juices with lactic acid producing
bacteria often remains unnoticed for a longer time, allowing the bacteria to spread and infect
huge volumes of juice. The alteration of the organoleptic properties of the juice does not
permit a further consumption (QUALI-JUICE, n.d.). In the wine industry, the course of
malolactic fermentation is monitored by following the falling level of L-malic acid, and the
increasing level of L-lactic acid. This conversion leads to a de-acidification and softening of
the wine’s taste. The production of D-lactic acid, however, can indicate wine spoilage.

In the chemical industry, both D- and L-lactic acid are raw materials in the production of
compounds such as polylactides and other biologically degradable polymers; applications also
exist for these acids in cosmetics and pharmaceuticals (Megazyme, 2005). Biotechnological
production of lactic acid, therefore, is an economical necessity. In the 1990s, 50% of the
existing needs were covered by lactic acid produced in fermentation (Shu et al., 1995a).

Environmental concerns arise when silage effluent containing large amounts of lactate and
other organic substances is released into a receiving water body. Silage effluent has the potential
to cause serious water pollution, lowering pH and creating an immense Biochemical Oxygen
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Demand (BOD) due to its high concentrations of organic compounds (Stephens et al., 1997).
As can be seen from the examples mentioned above, it is of increased interest to detect or
monitor the existence or production of L- and D-lactic acid in different forms of media.

Among the various conventional analytical methods available for the determination of this
analyte, colorimetric tests and chromatographic analysis are most important. However, the
majority of these methods are complex, laborious and slow, complicated by intensive sample
pre-treatment and reagent preparation (Avramescu et al., 2002b, Herrero et al., 2004). One
alternative to conventional methods for monitoring lactate is the use of amperometric biosensors,
which provide rapid, simple and direct measurements (Herrero et al., 2004).

Fig. 2: Basic set-up of a biosensor

Amperometric Biosensors: Definition

Biosensors are integrated receptor-transducer
devices, which are capable of providing selective
quantitative or semi-quantitative analytical information
using a biological recognition element (bioreceptor).
The receptor acts upon a biochemical mechanism,
while the transducer is considered to be a
chemically-modified electrode (CME) of electronic
conducting, semi-conducting or ionic conducting
material and is in direct contact with the
bioreceptor component (Fig. 2) (Thévenot et al.,
1999).

As amperometric transduction utilizes the current resulting from the electrochemical oxidation
or reduction of an electroactive species, this current is directly correlated to the bulk
concentration of the electroactive species or its production or consumption rate within the
adjacent biocatalytic layer. Because of this mode of operation, amperometric sensors alter the
concentration of the analyte in their closest vicinity, that is, within the diffusion layer. So,
knowledge of the rate-limiting step, i.e., mass transport rate or analyte consumption reaction
rate leads to a better understanding of their operational characteristics (Thévenot et al., 1999).
For example, linear dynamic ranges may be extended if the sensor response is not controlled
by the enzyme kinetics but by other rate-limiting steps. These rate-limiting steps can be, for
example, the existence of a second competing enzyme (Campanella et al., 1993), or the substrate
diffusion through a covering membrane (Thévenot et al., 1999, Kulys et al., 1992, Huck et
al., 1984, Jobst et al., 1996, Kost et al., 2000).

As a means to increase the sensitivity and selectivity of a biosensor, it is possible to use a
mediator which reacts sufficiently rapidly with the biocatalyst and is easily detected by the
transducer. The IUPAC definition declares that the mediator should be immobilized to avoid
additional processing steps such as reagent addition. In order to form a steady-state diffusion
layer of some mieno-millimeter (µm) in thickness and thereby enabling fast electron transfer,
the mediator should be fixed at the electrode in such a way that immediate dissolution from the
electrode surface is possible (Gründig et al., 1995, Kotte et al., 1995). On the other hand, in
order to provide high operational stability, the mediator should be sufficiently fixed at the
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