Preface

When I lirst started studying proteins as an undergrad-
nate | encountered for the first time complex areas of
biachemistry arising from the pioneering work of Paul-
ing, Sumner, Kendrew, Perurz, Anfinsen. together with
olher scientific ‘giants’ loo numerous o describe at
length in this text. The area seemed complete. How
wrong | was and how wrong an undergradoate’s per-
ception can bel The last 30 vears have seen an explo
sion in the area of protein biochemistry so that my 1975
edition of Biochemisiry by Albert Lehninger remains,
perhaps, of historical interest anly, The greatest change
has cccurred through the development of molecular
biclogy where fragments of DNA are manipulated in
ways previeusly unimagined. This has enabled DNA
te be sequenced, cloned, muanipulated and expressed
i many different cells. As a result areas of recom-
binant DN A technology and protein engineering have
evolved rapidly to become specialist disciplines in their
own right., Almost any protein whose primary sequence
18 known can be produced in large quantity via the
expression of eloned or synthetic genes in recombinant
host cells. Not only is the method allowing scien-
tists o study some proteins for the first time but the
increased amount of protein derived from recombinant
DNA technology is also allowing the application of
new and continually advancing structural technigues.
In this area X-ray crystallography has remained at the
forefront for aver 400 years as a method of determin-
mg protein structure but it is now joined by nuclear
magnetic resonance (NMR) spectroscopy and maore
recently by cryoelectron microscopy whilst other meth-
ods such as circular dichroism, infrared and Raman
spectroscopy. electron spin resonance spectroscopy,
mass spectrometry and Auorescence provide more lim-
Hed, yet often vital and complementary, structural data.
[n many instances these methods have become eslab-
lished techniques only in the last 200 vears and are

consequently absent in many of those familiar text-
books veeupying the shelves of university libraries,

An even grealer Impact on biochemistry  has
occurred with the rapid development of cost-effective,
powerlul, desktlop computers with performance equiv-
alent 1o the previons generation of supercomput-
ers. Many experimental techniques relied on the co-
development of compuler hardware hut software has
also plaved a vital role in protein biochemistry. We
can now search databases comparing proteins at the
level of DMNA or amino acid sequences, building up
patterns of homology and relationships that provide
insight into origin and possible function. In addition
we use computers routinely 1o calculate properties such
as isoclectric point, number of hydrophobic residues or
secondary structure — something that would have been
extraordinarily tedious, time consuming and problem
atic 20 years ago. Computers have revolutionized all
aspects of protein biochemistry and there is lintle doubt
that their influence will continue to increase in the
fortheoming decades. The new area of bisinformatics
reflects these advances in computing.,

L my attempt to construct an introductory yet exlen-
sive wxt on proteins | have, of necessity, been circum-
spect in my deseription of the subject area. 1 have oflen
relied on qualitative rather than quantitative descrip-
tions and I have attlempted (o minimise the introduc-
tion of wnwieldy equations or formulae. This does
not reflect my own interests in physical hiochemistry
because my research, [ hope, was often gquantitative,
In some cases particularly the chapters on enzymes
and physical methods the introduction of equations is
unavoidable bul also necessary to an initial descrip-
ton of the content of these chapters. [ would be [ailing
in my duty as an educator il 1 omitted some of these
equations and [ hope students will keep going at these
‘difficult” points or failing that just omit them entirely
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an first reading this book. However, in general | wish
to introduce students to proteins by describing princi-
ples governing their structure and function and o avoid
over-complication in this presentation through rigorous
and guantitative treatment, This book is frmly intended
i be a broad introductory text suitable for undergrad-
wiate and postgraduate study, perhaps after an initial
exposure 1o the subject of protein biochemistry, whilst
at the same time introducing specialist arcas prior to
future advanced study, T hope the following chapters
will help o direct students to the amazing beauty and
complexity ol protein syslems,

Target audience

The present text should be suitable for all introductory
modes of biochemisiry, melecular biology, chemistry,
medicine and dentistry. In the UK this generally means
the book is suitable for all undergraduates between
years | and 3 and this book has stemmed [rom lectures

siven as parts of biochemistry courses Lo students ol

biochemistry, chemistry, medicine and dentistry in all
3 years, Where possible each chapter is structured
lo increase progressively in complexity. For purely
introductory courses as would oceur in years | or 2
it is sufficient to read only the first parts, or selected
sections, of each chapter. More advanced courses may
require thorough reading of each chapter together with
consultation of the hiblingraphy and secondly the list
of references given al the end of the book.

The world wide web

In the last ten vears the world wide web (WWW)
has transformed information available to students. 1t
new and useful medium with which o
deliver lecture notes and an exciting and new teach-
ing resource for all. Consequently within this book
URLs direct students to learning resources and a list
of important addresses is included in the appendix.
In an cffort to exploit the power of the inlernet
ihis book is associated with ‘web-based’ tutorials,
problems and content and is accessed from the lollowing
URL http:fwww.wiley.com/gofwhitfordproteins. These
‘pages’ are continually updated and point the inlerested
reader towards new areas as they emerge. The Bibli-
agraphy points interested readers towards further study

provides o

material suitable for a first introduction to a subject
whilst the list of references provides original sources
for many areas covered in each of the twelve chapters.
For the problems included at the end of each chapter
there are approximately 10 questions that aim to build
on the subject matter discussed in the preceding text.
Often the gquestions will increase in difficulty although
this is not always the case. In this book T have limited
the hibliography to broad reviews or accessible journal
papers and 1 have deliberately restricted the number of
‘high-powered (difficult!) articles since [ believe this
organization is of greater use (o students smdying these
subjects for the first time. To aid the learning process
the web edition has multiple-choice guestions for use
as a formative assessment exercise. 1 should certainly
like to hear of all mistakes or omissions encountered
in this text and my hope is that educators and students
will let me know via the e-mail address at the end of
this section of any required corrections or additions,
Proteins are threc-dimensional {30 objects that are
inadequately represented on book pages. Consequently
many proteins are best viewed as molecular images
using freely available software. Here, real-time manip-
ulation of coordinate files is possible and will prove
helpful w undersianding aspects of structure and funec-
tion, The importance of viewing, manipulating and
even changing the representation of proteins to com-
prehending structure and function cannot be underesti-
mated. Experience has suggested that the use of com-
puters in this area can have a dramatic effect on stu-
dent’s understanding of protein structures, The ability
o visualize in 3D conveys so much information — far
more than any simple 2D picture in this book could
ever hope to portray. Alongside many figures I have
written the Protein DataBank files (e.g. PDB: IHKO)
used to produce diagrams, These files can be obtained
from databases at several permanent sites based around
the world such as httpsfwww.rseborg/pdb or one of
the many ‘mirrors’ thal exist (for example. in the
UK this data is found at hupfpdb.cede.cam.ac.uk).
For students with Internet access each PDB file can
he retrieved and manipulated independently o pro-
duce comparable images o those shown in the lest,
To explore these macromolecular images with reason-
ahle efficiency does not require the latest “all-powerful’
desktop computer. A computer with a Pentium I {or
later) based processor, a clock speed of 200 MHz or
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areater, 32-0d4 MB RAM, hard disks of 10 GE, a
graphics video card with at least 8 MB memory and
p connection to the mnternet are sufficient 1o view and
store o significant number of files together with rep-
resentative images. Of course things are easier with a
computer with a surfeit of memory (=256 MB) and
a high ‘clock’ speed (=2 GHz) but it is not obliga-
tory fo see “on-line’ content or to manipulate molecular
images. This hook was started on a 700 MHz Pentium
T based processor equipped with 256 MB RAM and
16 MB graphics card.

Organization of this book

This book will address the structure and function of
profeins in 12 subsequent chapters each with a defini-
tive theme, Afler an initial chapler describing why one
would wish to study proteins and a briel historical
background the second chapier deals with the ‘building
blocks™ of proteins, namely the amine acids ogether
with their respective chemical and physical proper-
ties. No attempt is made at any point 1o describe the
metabolism connected with these amino acids and the
reader should consult general rextbooks lor descriplions
of the svnthesis and degradation of amino acids, This
is & mujor area inits own right and would have length-
ened the present book too much., However, T would
like w think that students will not avoid these areas
ecause Lthey remain an equally impartant subject that
should be covered at some point within the under-
graduate curriculum. Chapter 3 covers the assembly
of amino acids into polypeptide chains and levels of
organizational structure found within proteins, Almost
all detailed knowledze of protein stucture and fune-
tion has arisen throngh studies ol globular proteins but
the presence of fibrous proteins with different struc
tures and functional properties necessitated a separate
chapter devoted o this area (Chapter 4), Within this
class the hest understood stuctures are those belonging
to the collagen class of proteins, the keratins and the
extended f sheet structures such as silk fihroin. The
division between globular proteins and fibrous proteins
wits made at g time when the only propertics one could
compare readily were a protein’s amino acid compo-
sition and hydrodynamic radivs, It is now apparent
that other proteins exist with propertics intermediate
between globular and fibrous proteins that do not lend

themselves 1o simple classification. However, the “old’
schemes of identification retain their value and serve
to emphasize differences in proteins.

Membrane proteins represent a third group with
different composition and properties. Most of these
proteins are poorly understood, but there have been
spectacular successes from the initial low-resolution
structure of bacteriorhodopsin to the highly defined
structure of bacterial photosynthetic reaction centres.

These advances paved the way lowards structural

studies of G proteins and G-protein coupled receplors,
the respiratory complexes from aerobic bacteria and the
structure of ATP synthetases.

Chapler 6 locuses both on experimental and com-
putaticnal methods of comparing proteins where in
silico methods have become increasingly imporiant as
a vital tool to assist with modern-protein biochemistry.
Chapler 7 focuses on enzymes and by discussing basic
reaction rate theories and kKinetics the chapter leads (e
a discussion of enzyme-catalysed reactions. Enzymes
catalyse reactions through a variety of mechanisms
including acid-bhase catalysis, nucleophilic  driven
chemistry and transition state stabilization. These and
other mechanisms are deseribed along with the prinei-
ples of regulation, active site chemistry and hinding.

The involvement of proteins in the cell cvele,
transcription. translation, sorting and degradation of
proteins is described in Chapter 8, In 50 years we
have progressed from  elucidating the structure of
[NA o uncovering how this information is converted
into profeins. The chapler is based around the strue-
tre of two macromolecular systems: the ribosome
devoled towards accurate and efficient synthesis and
the proteasome designed Lo catalyse specific proteoly-
sis. Chapter 9 deals with the methods ol protein purifi-
cation, Very ollen, biochemisiry  wxlbooks deseribe
technigues without placing the technique in the correct
context. As a result, in Chapter 9 1 have attempred o
describe cquipment as well as techniques so that st-
dents may obtain a proper impression of this area.

Structural methods determine the topology or fold
of proteins, With an elucidation of structure at atomic
levels of resolution comes an understanding of bio
logical function. Chapter 10 addresses this arca by
describing different techniques. X-ray crystallography
remains at the forefront of research with new variations
ol the basie principle allowing faster determinarion of



structure at improved resolution, NMR methods yield
structures of comparable resolution to erystallography
for small soluble proteins. In ideal situations these
methods provide complete structural determination of
all heavy atoms but they are complemented by other
spectroscopic methods such as absorbance and fluores-
cence methods, mass spectrometry and infrared spec-
rroscopy. These technigues provide important ancillary
information on tertiary structure such as the helical con-

tent of the protein, the proportion and environment ab

aromalic residues within a protein as well as secondary
structure content.

Chapter |1 describes protein folding and stihil-
ity — a subject that has peneraled intense research inler-
est with the recognition that disease states arise from
aherrant fulding or stability. The mechanism of protein
folding is illustrated by in vitre and o1 vive studies,
Whilst the broad concepts underlying protein fold-
ing were deduced from studies of ‘model’ proteins
such as ribonuclease, analysis of cell folding path
ways has highlighted specialised proteins, chaperones,
with a critical function to the overall process. The
GroES—GroEL complex is discussed to highlight the
integrated process of synthesis and folding in vive.

‘I'he final chapter builds on the preceding 11 chapters
using a restricted set of well-studied proteins (case
studies) with significant impact on molecular medicine.
These proteins include haemoglobin, viral proteins,
p53, prions and o -antitrypsin. Although still a young
subject area this branch of protein science will expand
in the next few years and will rely on the technigues,
knuwledge and principles elucidated in Chapters =11,
The examples emphasize the impact of protein science
and molecular medicine on the quality of human life.
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