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PREFACE

A characteristic feature of plants is their capacity to synthesize and store a
wide variety of low molecular weight compounds, the so-called secondary
metabolites (SMs) or natural products. The number of described structures
exceeds 100 000; the real number in nature is certainly much higher because
only 20-30% of plants have been investigated in phytochemistry so far. In
contrast to primary metabolites, which are essential for the life of every plant,
the individual types of SMs usually occur in a limited number of plants,
indicating that they are not essential for primary metabolism, i.e. anabolism
or catabolism.

Whereas SMs had been considered to be waste products or otherwise use-
less compounds for many years, it has become evident over the past three
decades that SMs have important roles for the plants producing them: they
may function as signal compounds within the plant, or between the plant
producing them and other plants, microbes, herbivores, predators of herbi-
vores, pollinating or seed-dispersing animals. More often SMs serve as de-
fence chemicals against herbivorous animals (insects, molluscs, mammals),
microbes (bacteria, fungi), viruses or plants competing for light, water and
nutrients. Therefore, SMs are ultimately important for the fitness of the plant
producing them. Plants usually produce complex mixtures of SMs, often
representing different classes, such as alkaloids, phenolics or terpenoids. It is
likely that the individual components of a mixture can exert not only additive
but certainly also synergistic effects by attacking more than a single molec-
ular target. Because the structures of SMs have been shaped and optimized
during more than 500 million years of evolution, many of them exert interest-
ing biological and pharmacological properties which make them useful for
medicine or as biorational pesticides.

In this volume of Annual Plant Reviews, we have tried to provide an
up-to-date survey of the biochemistry and physiology of plant secondary
metabolism. A companion volume —M. Wink (ed.) Functions of Plant Secondary
Metabolites and Biotechnology — published simultaneously provides overviews
of the modes of action of bioactive SMs and their use in pharmacology as
molecular probes, in medicine as therapeutic agents and in agriculture as
biorational pesticides.

In order to understand the importance of SMs for plants, we need detailed
information on the biochemistry of secondary metabolism and its integra-
tion into the physiology and ecology of plants. Important issues include

xiii



Xiv Preface

characterization of enzymes and genes of corresponding biosynthetic path-
ways, and of transport and storage mechanisms, regulation in space/time
and compartmentation of both biosynthesis and storage. The study of sec-
ondary metabolism has profited largely from the recent progress in molecular
biology and cell biology and the diverse genome projects. Although Arabidop-
sis thaliana is not an excellent candidate to study secondary metabolism on
the first view, the genomic analyses, EST-libraries, mutants and other tools of
A. thaliana have been extremely helpful to elucidate secondary metabolism
in other plants.

The present volume is the second edition of a successful first edition which
was published in 1999 and which has received many positive responses from
its readers. To achieve a comprehensive and up-to-date summary, we have
invited scientists who are specialists in their particular areas to update their
previous chapters. This volume draws together results from a broad area of
plant biochemistry and it cannot be exhaustive on such a large and diverse
group of substances. Emphasis was placed on new results and concepts which
have emerged over the last decades.

The volume starts with a bird’s eye view of the biochemistry, physiology
and function of SMs (M. Wink), followed by detailed surveys of the ma-
jor groups of SMs: alkaloids and betalains (M.F. Roberts et al.); cyanogenic
glucosides, glucosinolates and non-protein amino acids (D. Selmar); phenyl
propanoids and related phenolics (M. Petersen et al.); terpenoids, such as
mono-, sesqui-, di- and triterpenes, cardiac glycosides and saponins (M.
Ashour et al., W. Kreis and F. Miiller-Uri). The final chapter discusses the
evolution of secondary metabolism (M. Wink ef al.). The structural types of
SMs are often specific and restricted in taxonomically related plant groups.
This observation was the base for the development of ‘chemotaxonomy’. A
closer look indicates that a number of SMs have a taxonomically restricted
distribution. Very often, we find the same SMs also in other plant groups
which are not related in a phylogenetic context. There is evidence that some
of the genes, which encode key enzymes of SM formation, have a much wider
distribution in the plant kingdom than assumed previously. It is speculated
that these genes were introduced into the plant genome by horizontal gene
transfer, i.e. via bacteria that developed into mitochondria and chloroplasts
(endosymbiont hypothesis). Evidence is presented that a patchy distribution
can also be due to the presence of endophytic fungi, which are able to produce
SMs.

The book is designed for use by advanced students, researchers and profes-
sionals in plant biochemistry, physiology, molecular biology, genetics, agricul-
ture and pharmacy working in the academic and industrial sectors, including
the pesticide and pharmaceutical industries.

The book brought together contributions from friends and colleagues in
many parts of the world. As editor, I would like to thank all those who have
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taken part in writing and preparation of this book. I would like to thank
Theodor C. H. Cole for help, especially in preparation of the index. Special
thanks go to the project editor Catriona Dixon from Wiley-Blackwell and her
team for their interest, support and encouragement.

Michael Wink
Heidelberg





