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Chapter 1 Introduction

1.1 The nature of biotechnology

Biotechnology is an area of applied bioscience and technology which involves the
practical application of biological organisms, or their subcellular components to
manufacturing and service industries and to environmental management®, Biotechnology
utilizes bacteria, yeasts, fungi, algae, plant cells or cultured mammalian cells as
constituents of industrial processes. Successful application of biotechnology will result
only® from the integration of a multiplicity of scientific disciplines and technologies,
including microbiology, biochemistry, genetics, molecular bioclogy, chemistry and
chemical and process engineering.

Biotechnological processes will normally involve the production of cells or biomass ,
and the achievement of desired chemical transformations. The latter may be further
subdivided into: '

(a) formation of a desired end product (e. g. enzymes, antibiotics, organic acids,
steroids) ;

(b) decomposition of a given starting material (e. g. sewage disposal,destruction of
industrial wastes or oil spillages).

The reactions of biotechnological processes can be catabolic, in which complex
compounds are broken down to simpler ones (glucose to ethanol), or anabolic or
biosynthetic ,whereby simple molecules are built up into more complex ones (antibiotic
synthesis ). Catabolic reactions are usually exergonic whereas anabolic reactions are
normally endergonié. .

Biotechnology includes fermentation processes (ranging from beers and wines to
bread, cheese, antibiotics and vaccines ), water and waste treatment, parts of food
technology, and an increasing range of novel applications ranging from biomedical to
metal recovery from low grade ores. Because of its versatility ,biotechnology will exert a
major impact in many industrial processes and in theory almost all organic materials
could be produced by biotechnological methods. Predictions of future worldwide market
potential for biotechnological products in the year 2000 have been estimated at nearly US
$ 65bn (Table 1. 1). However, it must also be appreciated that many important new
bio-prodncts will still be synthesized chemically from models derived from existing
biological molecules, e. g. , new drugs based on the interferons®. Thus the interface
between bioscience and chemistry and its relationship to biotechnology must be broadly
interpreted. —

A high proportion of the techniques used in biotechnology tend to be more economic ,
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less energy demanding® and safer than current traditional industrial processes and for
most processes the residues are biodegradable and non-toxic. In the long term
biotechnology offers a means of solving some major world problems,in particular those
related to medicine, food production, pollution control and the development of new

energy sources,

Table 1.1 Growth potential for worldwide biotechnological markets by the year 2000

Market sector $ (million)
Energy 16 350
Foods 12 655
Chemicals 10 550
Health care(pharmaceuticals) 9080
Agriculture 8546
Metal recovery 4570
Pollution control 100
Other (i. e. unexpected developments) 3000
Total 64 851

From T. A. Sheets Co. (1983). Biotechnology Bulletin November.
1.2 Historical evolution of biotechnology

Contrary to popular belief biotechnology is not a new pursuit but in reality dates far
back into history. In practice, four major developmental phases can be identified in
arriving at modern biotechnological systems.

Biotechnological production of foods and beverages Activities such as baking,brewing
and wine making are known to date back several millenia; the ancient Sumarians and
Babylonians were drinking beer by 6000 B. C., the Egyptians were baking leavened
bread by 4000 B. C. while wine was known in the Near East by the time of the book of
Genesis. The recognition that these processes were being affected by living organisms,
yeasts, was not formulated until the 17th century, by Anton van Leeuwenhoek.
Definitive proof of the fermentative abilities of these minute organisms came from the
seminal studies of Pasteur between 1857 and 1876. Pasteur can justifiably be considered
as the father of biotechnology.

Other microbially based processes such as the production of fermented milk
products, e. g. cheeses and yogurts,and various oriental foods,e. g. soy sauce, tempeh
etc. , can equally claim distant ancestry. Of more recent introduction is mushroom
cultivation which probably dates back many hundreds of years for Japanese shii-ta-ke
cultivation and about 300 years for the Agaricus mushroom now widely cultivated
throughout the temperate world.

It cannot be ascertained whether these microbial processes arose by accidental
observation or by intuitive experimentation but their further and continued development
were early examples of man’s abilities to use the vital activities of organisms for his own
needs. In more recent times, just as these processes have become more reliant on
advanced technology,their contribution to world economy has equally increased out of

all proportion to their humble origins.



Biotechnological processes initially developed under non-sterile conditions Many
important industrial compounds such as ethanol,acetic acid, organic acids, butanol and
acetone were being produced by the end of the 19th century by microbial fermentation
procedures that were open to the environment; the control of contaminating micro-
organisms was achieved by careful manipulation of the ecological environment and not by
complicated engineering practices. However, with the arrival of the petroleum age in
which these compounds could be produced more cheaply from the by-products of
petroleum production ,most of these emerging industries were eclipsed. Escalation of oil
prices in recent years has lead to a re-examination of the early fermentation procedures
with a view to a return to commercial production. Together with the previously
mentioned food fermentations these fermentation practices are relatively simple and can
be run on a large scale,

Other outstanding examples of non-sterile biotechnology are waste water treatment
and municipal composting of solid wastes. Microorganisms have long been exploited for
purposes of decomposing and detoxifying human sewage and,to a lesser extent,in the
treatment of industrial toxic wastes such as those from the chemicals industry.
Biotechnological treatment of waste waters represents by far the largest (but least

recognisedYfermentation capacity practised throughout the world(Table 1. 2)®,

Table 1.2 Total UK fermentation capacity

Product Total capacity(m®)
Waste water . 2800000
Beer 128000
Baker’s yeast 19000
Antibiotics . 10000
Cheese 3000
Bread : ' 700

From Dunnill(1981).

The introduction of sterility to biotechnological processes A new direction in
biotechnology came in.the 1940s with the introduction of complicated engineering
techniques to the mass cultivation of micro-organisms to ensure that the particular
biological process could proceed with the exclusion of contaminating microorganisms.
Thus by prior sterilization of the medium and the bioreactor and with engineering
provision for the exclusion of incoming contaminants only the chosen biocatalyst was
present in the reactor. Examples of such products,which represent an increasing volume
of biotechnoiogical activity, include antibiotics, amino acids, organic acids, enzymes,
steroids, polysaccharides and vaccines. Most of these processes are complicated,
expensive and suitable only for high value products. Although many of the products are
produced in relatively large quantities they are still dwarfed in volume and financial
returns by the older systems used in food and beverage biotechnology(Table 1. 3).

New dimensions and possibilities for biotechnological industries Within the last decade
there have been outstanding developments in molecular biology and process control

which have created new and exciting opportunities not only to create new dimensions but
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Table 1.3 UK fermentation industry sales

Industry Sales (£m)
Brewing 3190
Spirits 1860
Cheese 415
Cider,wine 190
Bread 150
Antibiotics 100
Yogurt 65
Yeast ‘ 25
Citric acid 20

From Dunnill (1981).

also to improve greatly the efficiency and economics of the established biotechnological
industries. It is largely from these discoveries and developments that there have been
such euphoric statements about the future role of biotechnology to the world economy.

What then are these new innovations? (Table 1. 4).

Table 1.4 Techniques stifnulating the development of biotechnology

Recombinant DNA manipulation

Tissue culture

Protoplast fusion

Monoclonal antibody preparation

Protein structural modification( ‘protein engineering’)
Immobilized enzyme and cell catalysis

Sensing with the aid of biological molecules
Computer linkage of reactors and processes

New biocatalytic reactor design

(a) Genetic engineering. Manipulation of the genome of industrially important
organisms by sexual recombination ahd/or»by mutution have long been part of the

innovative repertoire of the industrial geneticist. New recombinant DNA techniques

-involve breaking living cells gently, the extraction of DNA, its purification and

subsequent selective fragmentation by highly specific enzymes; the sorting, analysis,
selection and purification of a fragment containing a required gene;chemical bonding to
the DNA of a carrier molecule and the introduction of the hybrid DNA into a selected
cell for reproduction and cellular synthesis. Recombinant DNA technologies permit
easier manipulation of a genome and can readily bypass interspecies and intergeneric
incompatability. Unlimited possibilities exist and already human insulin and interferon
genes have been transferred into and expressed by microbial cells. Protoplast fusion,
monoclonal antibody preparation and the wide use of tissue culture techniques including
the regeneration of plants from suspension culture cells have had a'profound impact on
the development of biotechnology. (Chapter 3).

(b) Enzyme technology. Isolated enzymes have long been a part of many biotechnol -



ogical processes and their catalytic properties are being further utilized with the
development of suitable immobilization techniques allowing reuse of the biocatalyst. Of
particular importance has been the development of high fructose syrups (annual
production 3 million tonnes)using immobilized bacterial glucose isomerase. A further
development is the immobilization of whole cells for biocatalytic purposes(Chapter 5).
(c) Biochemical engineering. Bioreactors play a central role in biotechnological
processes by providing a link between the starting materials or substrates and final
products (Fig. 1.1;Chapter 4). Major advances have been made in bioreactor designs,in
process monitoring techniques and in computer control of fermentation processes.
However,the application of process control in biotechnological industries is many years
behind that in operation in the chemical process industry. New approaches to the
processing of the products of biotechnology (downstream processing ) will improve the
economics of all processes. There is an increasing need to design efficient recovery
processes,in particular for high value products e. g. the ratio of recovery to fermentation
costs for L-asparaginase is about 3.0 whereas for ethanol it is 0.16. However,

downstream processing is still the Cinderella subject of biotechnology.

Organism
selection

+ Applied genetics
Mutation,recombination,
gene manipulation

+ Airj rEnergy
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Fig. 1.1 Schematic overview of a biotechnological process

(d) Engineered products/systems®. The ability to produce in quantity biological
molecules such as antibodies or enzymes together with the techniques of protein and cell
immobilization are allowing the development of radically new sensots that can be used
for biodiagnostic,and biodetoxification, purposes. Such systems can be combined with
micro-electronic devices and ultimately computers allowing sophisticated control
programming in many biotechnological industries and services.

Biotechnology has two characteristic features: its connection with practical
applications, and interdisciplinary cooperation. The practitioners of biotechnology will
‘employ techniques derived from chemistry, microbiology, genetics, biochemistry,
chemicai engineering and computer science , and their main mission will be the innov-
ation, development and optimai operation of processes in which biochemical catalysis

has a fundameniai and irreplaceable role. Biotechnology does not constitute a new
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discipline but rather is an activity in which specialists from a wide range of disciplines
can make their contributions.

A clear distinction must be drawn between bioscience and biotéchnology. Bioscience
refers to acquisition of biological knowledge whereas biotechnology refers to application
of biological knowledge. Biotechnological processes will ,in most cases?,function at low
temperatures, will consume little energy and rely in general on inexpensive raw materials
as substrates.

Bioscientists and engineers of various specializations will make their individual
contributions to biotechnology. The term biotechnologist has crept into our vocabulary as
an all-embracing description of scientists or engineers engaged in applying their skills
and knowledge to the processing of biological materials. However,the use of this term
should be discontinued as it can only lead to confusion. In contrast a biochemical engineer
is a process engineer whose role is to transfer the knowledge of the biological scientist
into a practical operation. A biochemical engineer will have been trained in the scientific
and engineering principles underlying the design and operation of biological operations®.

A ‘complete biotechnologist” will never exist,since no one can be expert in the
skills of microbiology, biochemistry, molecular biology, chemical and process
engineering, etc. However, for those who practise in this subject every effort must be
made to understand the language of the other component subjects. The lack of a common
language between specialists in different disciplines is undoubtedly the major obstacle in

realising the full potential of biotechnology.
1.3 Application of biotechnology

Biotechnological processes can be considered on the basis of volume and value. Thus,
high volume,low value products or services include water purification and effluent and
waste treatment and the production of methane, ethanol, biomass and animal feed;
relatively high volume, intermediate value products include amino acids and organic
acids, food products, baker’ s yeast, acetone, butanol and certain polymers, while low
volume, high value products include antibiotics, interferons, vaccines, monoclonals,
antibodies,enzymes and vitamins. Biotechnology can also be considered in terms of the
levels of technology that will be necessary for product formation(Table 1. 5).

With reference to the scale of industrial development rather than the size of the
individual production units, present and future biotechnology can also be conveniently
divided into three areas.

(a) Small scale biotechnology is specifically concerned with biochemical products
that can be produced economically only by biclogical means. This type of biotechnology
has long existed and is rapidly developing, particularly in areas of new and novel
products, but there exists fierce competition between industrial concerns to achieve
market advances. Product examples include antibiotics, monoclonal antibodies and

interferons.



