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Preface

For years, these authors have been teaching an undergraduate course named “Notes
in Biotechnology" in a bilingual English-Chinese format. The National Education Authority
has encouraged to build bilingual teaching systems for all undergraduates. This approach
will help them improve their comprehension of scientific English, since large amounts of
information in the field of biotechnology is constantly emerging and is often expressed in
English. The younger Chinese generation has been taking English courses from the Primary
Grade 3 through their Ph. D studies,but | have to say that many of them still have difficuity
of comprehending academic articles and books with many modern scientific English terms.
I'm glad to see that these authors have written this new textbook—Essentials of
Biotechnology for upgrading their teaching.

How biotechnology should be presented in this new edition is a crucial task that the
authors have to face. With the ever changing and increasingly blurred boundaries across
Biology , Biochemistry, Microbiology, Physics, Chemistry, Genetics, Logics, and Information
Technology, etc. , biotechnology can no longer be regarded as a clearly defined subject.
Since it is an enormously complicated and rapidly growing field, | understand the
comprehensive approach is to collect and compile the knowledge referring to important
discoveries, key theories, broadly applied techniques and classical examples of

application. Four parts, including Gene Cloning , Cell Engineering , Enzyme Technology ,and

Industrial Fermentation ,are considered as the most significant domains 1o be presented in

this textbook, and each part is divided into several chapters which are subsequently
composed of many sections. | appreciate that the authors have made every effort 1o limit
the content to a reasonable length, in spite of the massive information that must be included
in a modern, up-to-date text in biotechnology. Therefore,some of the topics are discussed
briefly, yet the major significance and the main points are essentially kept. At the beginning
of each Chapter, there is an abstract written in Chinese to help students catch the main
idea at the first glance. Beyond the main text,an index of term transiations, a list of Nobel
Laureates in the related field, and the suggested further readings are provided in the

Appendix section.
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| believe that writing this textbook, especially in English, was no doubt a time
consuming and energy demanding task. The authors must have carried a heavy burden of
responsibility. Fortunately they have completed this work. | have no doubt that “Essentials

of Biotechnology” will be of great benefit to biotechnology teachers and students especially
those who wish to further studies abroad or pursue careers in bio-industry.

Lun Shiyi
Professor

Academician of the Chinese Academy of Engineering
June, 2012
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Chapter 1 Introduction to Gene Cloning
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11 Brief Overview

Gene cloning, as one of the most innovative technologies, allows scientists to discover the
sophisticated essence of life and to manipulate genes in life. For a long time, biologists had
been seeking to understand how genetic factors are organized and how they work in living
organisms. Several generations of biologists had contributed their understanding to life issues,
especially since the behavior of genes was revealed by molecular geneticists. The efforts they
made led to an almost incredible technology—gene cloning, which arose by the early 1970s.
Mendel, for example, having counted the offspring of pea plants, suggested that there exist
some hereditary factors (later called genes) by inferring from the traits and numbers of
progeny of the parent plants crossed. Later, people took almost a hundred years to know in
detail the real genetic elements and how they are expressed. Now, based upon the powerful
means of gene cloning, one could easily extract the genetic materials, cut the essential
fragments from a genome, manipulate in vitro the genes, and transfom the cloned piece into
living cells to get totally novel recombinants.

Genes are at the very heart of life, in terms of information technology (IT), they are
the master program of life. Collectively, genes constitute the life's blueprint and
determine all the properties and capabilities of an organism. In biological terms, this
master program is called the hereditary substance, the chromosomes. Constituted by
chains of so called DNA molecules (in some cases RNA molecules), chromosomes carry
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the genes with “code words” or instructions of the master program.

There is an identical set of this master program in every cell of an individual species.
For example a corn plant has about a billion cells, each with a set of this master program.
In different sections of the plants different parts of the program are active, giving rise to
differentiated tissues such as leaves, seeds and root. The living organism is like a huge
computer network, much more complicated than any man-made one. Still, science has a
very incomplete understanding on how this master programs is able to make bio-system
cooperated in a very harmoniously and effectively coordinated way.

Although the knowledge about the master program in some prokaryotes are well known,
but in some eukaryotic genome only 1~ 3 percent of it are carrying “code words”. The
existing purpose and function of the remaining 97 ~99 percent are very little known. But this
doesn’t obstruct the progress on gene cloning, since the general roles of the DNA, RNA and
protein molecules are gradually revealed in detail by molecular biologists.

Just as any IT expert knows that adding just one “code Syllable” (binary code) may
be disastrous to a computer program, so too it is well known in genetics that changing
even a little code word in the master program could mean a big difference between being
healthy and carrying deadly hereditary diseases. Insertion of genes, as done by genetic
engineers, does not add just one syllable, but many thousands of code syllables. The
results that come from the gene cloning are not always predictable, which should remind
scientists of their responsibility for the whole biological society.

“Clone”, a term derived from an ancient Greek word "Klon", means the germ line
from asexual propagation, for example in the case of grape vegetative propagation.
Later, cloning was also defined as changing an organism’'s DNA to make it more
beneficial. In this way, the history of cloning can be traced back to very early times when
people started to perform selective breeding. Breeders have found ways to alter or
change the genes of animals and plants to their advantage for thousands of years.

But the practical technology of gene cloning came much later. Gene cloning (also
called gene manipulation or genetic engineering) means the molecular manipulation of
genetic materials in vitro. In many cases, genes mostly from often totally unrelated
species are recombined and inserted into another genetic “master program” by certain
fascinating means. The essence of gene cloning can be considered as a series of four key
steps: Generating donor DNA fragments; Joining the DNA fragments to a vector or
carrier molecule; Introducing the cloned molecule into a host cell; Selecting required
clones(recombinants). The noun “clone” comes from the colonies of identical host cells
produced during amplification of the cloned fragments. Gene cloning is sometimes referred
to as “molecular cloning” to distinguish the process from the cloning of whole organisms.

Genes from species e. g. fish, comn, bacteria and viruses have been inserted into
other species in genetic engineering projects and the cloned bacterial cells producing
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human hormone are not surprising to us now.

1.2 Historical Events

The Tab. 1. 1 lists out some of the notable events which strongly propelled the
progress of gene cloning. Most contributors won the Nobel Prices for their beautiful works
done during the last century. The British microbiologist F. Griffith became the first person
to find the genetic material extracted from the dead bacterial cells in 1928, which could be
transformed into living cells and express the related hereditary feature. G. W. Beadle
& E. L. Tatum declared the “One Gene One Enzyme” theory to illustrate the relationship
between the genetic unit and enzyme protein molecule during 1940. Chase & Hershey
worked on virus genetics in the Lab. of Cold Spring Harbor, in 1951, they finally proved
that phage DNA performed the genetic role. The discovery of the structure of Double
Helix DNA by J. Watson and F. Crick in 1953 provided the stimulus for the development
of genetics at the molecular level. The following few years saw a period of intense
activities and excitements as the main features of genes and their expression were
determined. In 1966, a stage was set for the appearance of the new genetics, based upon
the establishment of the complete set of the Genetic Code.

Tab.1.1 Some of the notable events

4 nucleotide bases

A is the major gene carrier
DNA double helix structure
A. Kornberg DNA replication

M. W. Nirenberag & P. Leder
M. W. Nirenberg & |

Self splicing of intron, indicated existence of ribozyme

In 1967 an enzyme named DNA ligase was isolated, which catalyzes the joining of
the complementary ends of two DNA pieces together (some time also works for the
blunt ends of two DNA pieces in lower efficacy), a prerequisite for the construction of
recombinant molecules, and can be regarded as a sort of molecular glue. In 1970, H. O.
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Smith declared the discovery of the first DNA Restriction Endonuclease, a major
milestone in the development of genetic engineering. Restriction enzymes are essentially
molecular scissors that cut DNA sequence at precisely defined sites. Such enzymes can be
used to produce DNA fragments that are suitable for joining to other fragments with the
same cutting. Thus, by 1970, the basic tools required for the construction of recombinant
DNA were available. Right away, P. Berg & B. Cohen eagerly performed the very
primitive cloning works. The first recombinant DNA molecules were generated at Stanford
University in 1972, utilizing the cleavage properties of restriction enzymes (scissors) and
the ability of DNA ligase (glue) to join DNA fragments together. When the cloned
antibiotics resistant markers were expressed in the E. coli host cells, the importance
of these first tentative experiments can hardly be overestimated. The methodology
was extended in 1973 by joining DNA fragments to the plasmid which is an extra-
chromosomal genetic element isolated from the bacterium. These recombinant
molecules behaved as either the vectors or the replicons; that is, they could help the
cloned fragments transform and replicate in E. coli host cells. Thus, by creating
recombinant molecules in vitro, and placing the recombinant molecules in a bacterial cell
where it could be replicated in vivo, the cloned DNA fragments could be isolated from
bacterial colonies that form clones (colonies derived from a single cell, in which all ceils
are identical} when grown on agar plates. This development marked the emergence of the
technology that became known as gene cloning (Fig. 1.1).

— \ O \— Oy 2 4

Fig. 1.1 Sketch map of gene cloning

The application of this new technology spread very quickly, and a sense of urgency
and excitement prevails in the genetics research community. Now scientists could alter
DNA sequence and join different DNA molecules from any organisms together to form a
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completely different organism. This was dampened somewhat by the realization that the
new technology could give rise to potentially harmful organisms exhibiting undesirable
characteristics. It is to the credit of the biological community that measures were adopted
to regulate the use of gene manipulation and that progress in contentious areas was limited
until more information became available regarding the possible consequenoes of the
inadvertent release of organisms containing recombinant DNA. However, within 40 years,
the gene cloning has entered a booming period. More and more genetically modified
organisms (GMOs), for example the GMO crop plants, have been produced particularly
for commercial benefits; the debate has been re-opened about the safety of these
organisms and the conseguences of releasing GMOs into the fragile environment.

1.3 Significance and Alertness

Theoretically, genetic engineering has advanced the understanding of many aspects of
genetic function and genomic organization in prokaryotes. It also helps distinguish between
exons, the coding section, and introns, the non coding parts within the eukaryotic
genes. It provides powerful means for searching in detail on the genomes of any living
organism, if there is a need.

Practically, through gene cloning techniques, enzymes, vitamins, antibodies, vaccines,
even synthesizing human insulin, human growth hormone, alpha inferferon, hepatitis B
vaccine, and other medically useful substances can be produced simply from bacterial cells.
Genetic engineering also enables us to perform gene therapy for curing the crippling hereditary
diseases like haemophilia, phenylketonuria etc. Based on this technigue, some of the
hereditary diseases can possibly be corrected by replacing “bad” genes with “normal” ones.

A number of valuable genes such as Nif gene (Nitrogen fixation gene) were finally
introduced into other bacteria cells. The plants originally without the function of nitrogen
fixation may be genetically adjusted to fix nitrogen in order to improve the soil fertility
and crop production. The transgenic agro-plants and livestock are now really the
highlight in the area of life science and technology.

In 1980, the “new” microorganisms created by recombinant DNA research were deemed
patentable, and in 1986 the U. S. Department of Agriculture approved the sale of the first
living genetically altered organism—a virus, used as a pseudo rabies vaccine, in this viral
genome a single gene has been destroyed on purpose. Since then thousands of patents involving
genetically altered microorganisms and plants have been released. Nevertheless, special concern
has been focused on such achievements for fear that it might result in the introduction of
unfavorable and possibly dangerous traits into microorganisms, plants and animals that were
previously free of “negative” traits—e.g., resistance to antibiotics, production of toxins, or a
tendency to cause diseases.
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