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Preface

The functional properties of proteins vary enormously. Some are simply
structural, some catalyse chemical reactions; others transmit information, or
interconvert the various forms of energy: chemical, light, movement. Con-
sequently, a comprehensive guide to studying protein function would encompass
all of biochemistry.

This volume does not attempt that, but concentrates on those aspects of protein
function that are common to most, if not all, proteins. The first of these is the
dependence of the functional properties upon the covalent structure and the
conformation of each protein. The first priority in any study of protein function
should be to preserve the structural and conformational integrity of the protein;
to study a ‘dying’ protein is a hopeless task. Therefore, the very first chapter
provides guidelines as to how to maintain protein function, both by minimizing
covalent alterations of its structure and by maintaining its folded conformation.
Further procedures for studying protein structure and conformation are given in
the companion volume Protein Structure: A Practical Approach.

The other common theme of protein function is that it invariably involves the
protein interacting physically with other molecules; a protein never acts in
isolation, but always acts upon something. Therefore, a primary concern is to
characterize the interaction of the protein with these other molecules. General
procedures for measuring the most basic parameters, the number of ligand
molecules bound by a protein and their relative affinities, are described in
Chapter 2. Such studies have a very long history, but there are a surprising
number of misconceptions about the intepretation of binding data when multiple
ligands are bound to the same protein. Consequently, a major part of such a
chapter is pointing out how not to proceed, and this chapter also provides
numerous examples of the errors commonly made in such studies.

Electrophoresis is a major technique in studying protein structure (see Protein
Structure: A Practical Approach and Gel Electrophoresis of Proteins: A Practical
Approach), and is also becoming a very useful technique in studying protein
function, with the recent advances in blotting techniques described in Chapter 3.
The proteins in an electrophoretic gel can be transferred to a membrane, to which
they stick tightly. Although I personally find it difficult to understand how it
happens, it is an undisputed fact that a sufficient fraction of the protein molecules
refold to a sufficient extent to exhibit ligand-binding ability, in spite of having been
denatured and stuck to the membrane. With this simple technique, the abilities of
numerous proteins to bind virtually any ligand can be-tested very simply.

Biologically relevant ligand binding invariably occurs at specific sites on
proteins, so it is important to identify and characterize all such binding sites. One
of the most direct methods for doing so is by affinity labelling, described in
Chapter 4. A reactive group is incorporated into a ligand and reacts with the
protein much more rapidly when bound than when free in solution, due to the very
high ‘effective concentrations’ that can occur in ligand—protein complexes. With
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larger ligands, such as other protein molecules, the interacting molecules can be
identified by cross-linking them covalently in the complex. Techniques for doing
so are described in Chapter 5. The procedures described in these two chapters are
illustrated for a specific class of ligands, but should be readily adapted to other
complexes.

Very many proteins consist of multiple polypeptide chains, usually as relatively
autonomous structural subunits. This oligomeric structure often has profound
implications for the function of the protein, but in many cases the functional
implications are not at all obvious. Very many simple, but ingenious, techniques
have been devised to examine the roles of subunits in protein function, and these
are described in Chapter 6.

One of the most biologically important areas of protein function is in the control
of gene expression, which invariably involves protein binding to DNA and RNA.
Most of the regulatory proteins occur in very small quantities within cells and have
consequently been very difficult to study. Most of the techniques used have relied
upon the properties of the nucleic acids, rather than the protein. These involve the
identification of DNA-—protein complexes by the change in electrophoretic
mobility of a small fragment of DNA produced by a protein binding to it; such
complexes are extremely tight and consequently dissociate so slowly that the
complex can survive an electrophoretic separation, as in ‘bandshift gels’. The
specific sites on the DNA occupied by the protein can be identified by the
aptly-named ‘footprinting’ technique. Chapter 7 describes these techniques using
purified proteins, while Chapter 8 describes how to use them to identify sequence-
specific DNA-binding proteins in crude mixtures, then to purify them with the use
of DNA affinity chromatography. (The general techniques of protein purification
and affinity chromatography with other ligands are described in the volumes
Protein Purification: A Practical Approach and Affinity Chromatography: A
Practical Approgch.)

The functional groups involved in protein function often have somewhat
unusual physical properties, and these may be characterized by the relatively
simple technique of competitive labelling described in Chapter 9. This technique
can also be used to identify binding sites on proteins for ligands by comparing the
protein with the protein-ligand complex, since interaction with another molecules
usually causes changes in the reactivities of the functional groups involved. The
classical technique for identifying functional groups involved in protein function
is to examine the functional effects of chemically modifying the various classes of
reactive groups. A number of new approaches and reagents have been developed
in recent years, and some of these are described in Chapter 10.

Finally, the most specific modifications of protein structure are those produced
by the recently-developed techniques of site-directed mutagenesis, and this
technique has become so widely used that no volume on protein function would be
complete without it, even though the procedures described do not actually involve
the protein. A gene for the protein is required, but this can now be obtained almost
routinely by the procedures described in DNA Cloning: A Practical Approach,
volumes 1-3) or by gene synthesis (Oligonucleotide Synthesis: A Practical
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Approach). The procedures described in Chapter 11 are some of the most recent
and most efficient yet devised.

Use of the techniques described in this volume should provide much informa-
tion about the functional properties of any protein, but the procedures must be
used appropriately, taking into account all the relevant properties of proteins. For
a comprehensive description, the reader is referred to my volume (Proteins:
Structures and Molecular Properties. W. H. Freeman, New York, 1983). For
relatively simple techniques to characterize a protein’s structure, the companion
volume Protein Structure: A Practical Approach is highly recommended.

T. E. Creighton
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