Preface
Metals are involved in most segments of the chemistry of life, including respiration, numerous steps of metabolism, photosynthesis, nitrogen ﬁxation, nerve
transmission, signal transduction, muscle contraction, oxygen transport and
protection from xenobiotic compounds. In addition, metals are used in medicine as therapeutic agents. This volume presents chapters that describe several
of these functions of metals in biology.
Although the protein structures of enzymes can provide a wide range of
catalytic chemistry, many biological reactions would be inefﬁcient or blocked
if the residues of the 20 or so amino acids that are used were the only catalytic
tools. For example, reactions involving oxygen are almost non-existent with
most amino acids, and electron-transfer reactions would be very inefficient.
Nature has thus augmented its catalytic repertoire by incorporating a considerable variety of additional tools. The vitamin cofactors, such as ﬂavins (B2),
niacin (B1) and cobalamin (B12), carbohydrates and metals all contribute to
providing a rich diversity of chemistry required for efﬁcient biological function. Metals allow proteins to react with oxygen, carry out radical reactions
and facilitate rapid electron transfer, and they are often excellent in promoting
catalysis. In addition, metals such as zinc, calcium and magnesium are crucial
to these roles for the maintenance of structures of proteins and nucleic acids. A
side beneﬁt of metals is that they serve as spectroscopic handles for helping the
researcher monitor various chemical processes. This has led to a multitude of
techniques being applicable to the study of metalloproteins in addition to
those commonly used for other proteins. These techniques include UV-visible,
EPR, electron-nuclear double resonance (ENDOR), NMR, Mössbauer,
extended X-ray absorption ﬁne structure (EXAFS), infrared and Raman spectroscopies, magnetic susceptibility and redox measurements, and X-ray crystallography. Most of these techniques will be mentioned in the chapters of this
volume.
This volume attempts to show many of the above roles of metals in a variety of circumstances that are used widely in biology. An objective was to present each of the topics from the viewpoint of chemistry. The ﬁrst two chapters
describe processes that bacteria use to rid themselves of toxic metals by either
actively pumping them out of the cell or converting them, e.g. mercury, into
unharmful forms that can be excreted. Barry Rosen and Susan Miller lucidly
present some strategies of how protein side chains can be used to bring about
gentle and efﬁcient chemistry that effects detoxiﬁcation. Chapters 3–6, 8, 10
and 11 are largely devoted to metalloproteins that react with or transport oxy-
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gen. Eric Coulter and David Ballou describe a range of non-haem iron-containing oxygenases that are prevalent in the microbial world and which participate in the biodegradation of aromatic compounds. A theme that emerges is
that the iron-based active sites in these types of enzymes employ co-ordination
environments that exchange ligands during catalysis to permit the various
kinds of chemistry to occur. Chapter 4, by Issa Isaac and John Dawson,
describes haem iron-containing peroxidases. This chapter covers some of the
history of how the mechanisms of peroxidase chemistry were elucidated. A
concerted attempt to describe the various oxidation states of the haem prosthetic group provides a solid foundation for understanding the various modes
of how iron participates in oxidase and oxygenative chemistry. This chapter
serves as an introduction to the ‘language’ of iron–oxo species, which has been
valuable as a framework for thinking about these complex systems. Chapter 5
on cytochromes P450 by Stephen Sligar brieﬂy covers the history of this rich
ﬁeld and captures the spirit of the multiple facets of research on these systems
as it builds on the information in Chapter 4. Donald Kurtz describes three
very different chemical approaches that have been applied to the transport of
oxygen in biological systems. He presents a ﬁrm basis of the chemistry and
how the structural motifs of proteins are used to bind, but not react irreversibly with, such a strong oxidant as O2. Grant Mauk (Chapter 6) shows
how metalloproteins are so important in carrying out biological electrontransfer reactions. He summarizes theoretical principles in terms that chemists
not specializing in physical chemistry can understand, and describes experimental approaches to studying this exciting ﬁeld. Russ Hille’s presentation on
molybdenum-containing enzymes (Chapter 8) focuses on oxidative chemistry.
He shows how the multiple oxidation states of this oft-neglected metal are
well suited for many processes in biology. Neil Marsh writes about how the
unique properties of cobalamins promote the formation of metal–carbon
bonds whose scission often leads to radical chemistry. This permits a variety of
curious carbon-skeleton rearrangements that are vital to metabolism. James
Whittaker’s chapter on oxygen reactions of the copper oxidases ﬁrst deals with
the unique chemistry of oxygen. His chapter serves well as an introduction to
the chemical properties of oxygen. In addition to the mechanisms of catalysis,
in several cases, copper enzymes transform themselves by modifying certain
residues. This process gives the enzymes a wider range of properties than is
provided by the original amino acids. Joan Broderick shows how catechol
dioxygenases, which are central to the aerobic biodegradation of most aromatic compounds, catalyse with specificity the cleavage of aromatic rings. The
nature of the iron ligation determines what type of cleavage is carried out.
Finally, Elizabeth Trimmer and John Essigmann tell us about the chemistry of
cisplatin, a metal-containing drug that has been used successfully for the treatment of certain types of cancer. The chemistry of how this drug interacts with
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DNA to disrupt the machinery of rapidly dividing cells and the processes
whereby cells become resistant to these drugs gives us pause to think about the
pharmacological difﬁculties of dealing with this terrible disease.
This volume is intended mainly for chemistry or biochemistry students in
their third or fourth years of undergraduate degrees, or for those beginning
postgraduate studies. In addition, many of the articles may be of value to
chemists or biochemists who specialize in other ﬁelds, and who want to learn
what is happening in contemporary bioinorganic chemistry research. The 12
chapters of this volume are written by several of the best-known experts in
their specialties. They have tried to present their subjects with a view to teaching principles of chemistry and showing methods of how to develop an understanding of the functions of metals, outlining the roles of metals in a variety of
biological functions and presenting perspectives on the future of research in
bioinorganic chemistry. No attempt was made to be exhaustive in the coverage
of these topics. Only references that appeared crucial to understanding the
articles are included, and references to more extensive reviews are given so that
readers can go into more depth as desired. The ﬁeld of bioinorganic chemistry
has grown exponentially in the past 20 years, so that only a fraction of this
field has been presented here. I would refer the reader to Principles of
Bioinorganic Chemistry by S.J. Lippard and J.M. Berg (1994), University
Science Books, Mill Valley, CA, or to Chemical Review (1996), volume 96 (a
thematic issue on bioinorganic enzymology), for anyone who wishes to
explore these areas further. I hope that the readers of these chapters will begin
to feel the excitement of these areas of research and thereby be encouraged to
explore them further, and even participate in future research efforts. I am sure
that all of the authors will be happy to reply to any questions about their
research areas or to receive inquiries about possible research positions.
David P. Ballou
Michigan, 1999
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