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Preface

The determination of the atomic structures of proteins has seen an enormous
increase in impetus since the first edition of this book was published in 1991.
The number of new structures reported is close to doubling each year. Tech-
nical advances—for example the increased availability of synchrotron x-ray
beams and methods for freezing crystals so as to reduce radiation damage to
them, the development of multidimensional NMR and NMR machines with
ever more powerful magnetic fields, and the exploitation of gene cloning,
sequencing and expression systems have all contributed to the growth of pro-
tein structure determination. On the one hand, it is becoming increasingly
easy to obtain relatively large amounts of naturally rare proteins, on the
other hand the crystallographers can work with ever smaller crystals.

The fundamental tenet of molecular biology, namely that one cannot
really understand biological reactions without understanding the structure of
the participating molecules, is at last being vindicated. As the database of
known protein structures rapidly expands, so does the range of biological
pathways about which we can ask meaningful questions at close to atomic
levels of resolution. An understanding of the principles of protein structure
is becoming of ever widening significance to molecular biology.

The pharmaceutical industry has over the past decade become a major
user of the protein structure databases, and a major contributor of newly
determined structures. Knowledge of an enzyme’s or a receptor’s atomic
structure is invaluable in the search for specific and strongly binding
inhibitors. For example the quest for effective inhibitors of HIV protease, to
be used in combination therapy for AIDS, led many pharmaceutical compa-
nies to determine the structure of that protease with bound inhibitors. Over
120 of these structure determinations have been done so far and at least two
inhibitors of HIV protease are now being regularly used to treat AIDS. It
seems certain that the determination of the atomic structure of target mole-
cules will play an increasingly important role in drug design.

The commercial exploitation of our increased understanding of protein
structure will not, of course, be restricted to the pharmaceutical industry. The
industrial use of enzymes in the chemical industry, the development of new
and more specific pesticides and herbicides, the modification of enzymes in
order to change the composition of plant oils and plant carbohydrates are all
examples of other commercial developments that depend, in part, on under-
standing the structure of particular proteins at high resolution.

As the complete genomes of more and more species are sequenced, the
determination of the function of previously unidentified open reading
frames is becoming an increasing and challenging problem. The possibility of



setting up centers for automated high through-put structure determinations
is being seriously discussed. In the absence of any recognizable sequence
homology to proteins of known function, this approach, surprising though
it may seem, could become an effective way of determining function via
structural homology.

The growth in the interest in high-resolution protein structure over the
past decade and the reception of the first edition have encouraged us to pre-
pare a new edition of this book. Universities are devoting more time to cours-
es specifically on protein structure, or increasing the amount of time given to
protein structure in more generally based biology and biochemistry courses.
We hope that this new edition of Introduction to Protein Structure will prove
useful both to teachers and students.

In 1988 when we began writing the first edition, about 250 protein struc-
tures had been determined to medium to high resolution and in those days
a professional protein crystallographer was familiar with most of them. We
were not therefore faced with a severe problem of what to leave out as we
wrote. Today, the coordinates of over 6500 proteins have been deposited in
the Protein Data Bank at Brookhaven, New York. Both the number of struc-
tures and the variety of biological systems to which they relate are so high
that the field of protein structure is becoming more fragmented and special-
ized. It is becoming increasingly difficult to keep sight of the wood amongst
so many trees. The question of what to include and what to omit is, for
today’s authors, crucially important. We have tried to resist the temptation to
describe more and more proteins, adding detail but not increasing under-
standing of the basic concepts. This edition is inescapably a little larger than
its predecessor, but to contain the increase in size we have deleted two chap-
ters while adding four. We run the risk of disappointing not a few structural
biologists whose favourite proteins are not mentioned. To them we apologize
and ask for their understanding.
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The Building Blocks

Recombinant DNA techniques have provided tools for the rapid determination
of DNA sequences and, by inference, the amino acid sequences of proteins
from structural genes. The number of such sequences is now increasing
almost exponentially, but by themselves these sequences tell little more
about the biology of the system than a New York City telephone directory
tells about the function and marvels of that city.

The proteins we observe in nature have evolved, through selective pres-
sure, to perform specific functions. The functional properties of proteins
depend upon their three-dimensional structures. The three-dimensional
structure arises because particular sequences of amino acids in polypeptide
chains fold to generate, from linear chains, compact domains with specific
three-dimensional structures (Figure 1.1). The folded domains can serve as
modules for building up large assemblies such as virus particles or muscle
fibers, or they can provide specific catalytic or binding sites, as found in
enzymes or proteins that carry oxygen or that regulate the function of DNA.

To understand the biological function of proteins we would therefore
like to be able to deduce or predict the three-dimensional structure from the
amino acid sequence. This we cannot do. In spite of considerable efforts over
the past 25 years, this folding problem is still unsolved and remains one of
the most basic intellectual challenges in molecular biology.

Primary Secondary

Tertiary

e

—i—

Figure 1.1 The amino acid sequence of a
protein’s polypeptide chain is called its
primary structure. Different regions of the
sequence form local regular secondary
structures, such as alpha () helices or beta (B)
strands. The tertiary structure is formed by
packing such structural elements into one or
several compact globular units called domains.
The final protein may contain several
polypeptide chains arranged in a quaternary
structure. By formation of such tertiary and
quaternary structure amino acids far apart in
the sequence are brought close together in
three dimensions to form a functional region,
an active site.
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