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Preface

Our present and future understanding of the mechanism and regulation of gene
expression depends upon both direct investigations of gene transcription and the

assay of specific messenger RNAs. In addition, the techniques associated with

molecular biology and molecular genetics will be required by increasing numbers
of researchers in the biological sciences. The aim of this book is to provide detailed
practical protocols for these major areas of study. Eukaryotic, prokaryotic and
viral genes are all covered, with the transcription of eukaryotic genes being con-
sidered mainly with regard to RNA polymerase II. Considerable revisions of some
chapters were necessary in order to prevent undue repetition whilst including all

the important practical topics and we thank the authors concerned for their:

understanding during this exercise. While our aim has been to cross-reference be-
tween chapters rather than to duplicate practical protocols, where several impor-
tant approaches to the same technique exist these have been provided in full.

B.D.Hames and S.J.Higgins
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Introduction
J.B. GURDON

The value of experimental systems for the analysis of gene expression will be
obvious to all who work in the areas of cell biology and molecular biology, but it
may be helpful to distinguish two different objectives of work in this area. One is
to determine the mechanism of gene expression, and the other to analyse the
control of this process. The former is concerned with identifying molecules re-
quired to obtain the expression of a gene. The type of information sought is which
of several DNA clones codes for a certain gene product, and which of many frac-
tions of RNA contain the mRNA required. These answers can be readily provided
by the use of appropriate cell-free systems. With cell-free systems containing
purified components it is also possible to identify factors required for the accurate
transcription of DNA and translation of mRNA. The second, much more dif-
ficult, objective is to understand the control of gene expression. This requires a
knowledge of the rate at which each step in gene expression proceeds, and iden-
tification of the components which are limiting in these steps. The reason why a
meaningful analysis of gene control is so hard to achieve is that any component
involved in a reaction can become limiting under particular experimental condi-
tions even though most of these conditions may never normally exist in vivo.
There is no simple way of determining whether a component which is limiting in
vitro is also limiting in vivo. The same problem does not apply to an analysis of
the mechanism of gene expression since even if the components in a cell-free
system are present at concentrations different from normal, the coding capacity
and requirement for essential factors should not be altered.

The ideal towards which everyone strives is a cell-free system which reflects nor-
mal gene expression and which consists entirely of known components. Very few
such systems exist. Nearly all commonly-used cell-free systems involve the use of
crude extracts to which purified components, such as cloned DNA or mRNA, are
added. The great majority of systems described in this volume fall into this class.
However, another type of system which has proved more successful than might
. have been predicted initially consists of a living cell into which purified compon-
ents are injected. When a cell is disrupted, the' lysate usually contains large
amounts of DNase, RNase and proteolyic activities, so that these activities must be
removed or reduced in the initial steps in the preparation of cell-free systems.
However, when a living cell is injected with a solution of DNA or mRNA compris-
ing as much as 10% of its volume, little degradation of the injected molecules
takes place. Not surprisingly, therefore, microinjection of DNA and mRNA into
living cells is an important and useful technique in the analysis of gene expression.
Various methods and systems for microinjection are described in this volume.

Finally, it is important to be aware of the relative merits of cell-free systems and
injected living cells for studying gene expression. Cell-free systems, and especially

xvii



those whose components are mainly defined, have proved especially valuable in
the initial recognition as well as the subsequent purification of transcriptional and
translational factors. On the other hand, living cells can be used for such an
analysis only under exceptional circumstances, for example, when a type of cell is
available which is known to lack a factor which can be extracted from another cell
type. The disadvantage of cell-free systems is that the range of steps in gene
expression which takes place is limited and that the efficiency (or rate) of each step
may be 102— 105 times less than in an injected cell. The significance of this greater
efficiency is that the control of a particular reaction in gene expression can be
studied more validly when that reaction is proceeding more closely to normal than
when it is taking place at less than 1% of the rate in vivo. In conclusion, it is im-
portant to know the rate of gene expression in any experimental system used for
analysis of the control of gene expression but this is not necessary for analysis of
the mechanism of gene expression.

During recent years, experimental systems have greatly improved both in the
range and efficiency of the gene expression steps which they carry out. Further-
more, there has been a great proliferation in the types and sources of systems
which can be usefully applied to a particular problem. I therefore believe that the
present volume will be very widely welcomed. The chapters have been contributed
by those who have extensive experience of the procedures involved, and who, in
many cases, have been directly involved in their development.

@
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