Photosynthesis, the driving force for life on
garth, has been studied by biochemists, bio-
physicists, plant physiologists, and agronomists.
Similarly, lipids have attracted the attention of
researchers in plant physiology, photosynthesis
and agronomy. Morcover, even though glyco-
lipids are among the most abundant natural
compounds in the biosphere, glycolipids in chlo-
roplast membranes were discovered only in the
1950s. Subsequently, however, studies of glyco-
lipids have proceeded at an exponentially increas-
ing rate and copious information 1s now available
on the chemical structures and physico-chemical
properties of glycerolipids, as well as on their
occurrence and distribution among many gen-
era of cyanobacteria, algae, mosses, and higher
plants. Considerable efforts have been made to
elucidate the biosynthetic pathways to glycero-
lipids and fatty acids and, more recently, interest
in glycerolipids has shifted towards their roles in
the structures and the functions of the thylakod
and chloroplast envelope membranes. In addi-
tion, the development of the methods and con-
cepts of molecular biology has yielded answers to
many questions that are related to the genes and
enzymes that participate in the synthesis of mem-
brane and storage lipids and in the regulation of
such synthesis.

Several excellent books are available that deal
with recent research on photosynthesis, and there
are also a number of books that summarize recent
progress in plant-lipid research. In 1998, Paul-
André Siegenthaler and one of us (NM) edited a
book entitled “Lipids in Photosynthesis: Struc-
ture, Function and Genetics™ in the “Advances
in Photosynthesis and Respiration™ (series editor,
Govindjee). This book emphasized the impor-
tance of lipids in photosynthetic processes and
the importance of photosynthesis in the synthesis
of lipids. In the years following the publication
of this earlier volume, great advances have been
made in this area of research. In particular, genetic
and genomic approaches revealed the importance
of individual lipid species in photosynthesis and
its regulation. We hope that researchers and stu-
dents of photosynthesis will read it to gain a fuller
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appreciation of the new findings and concepts that
have accumulated over the past decade. Readers
will also find updated information about various
lipids, such as the major phospholipids and sphin-
golipids that appear to be involved in the regula-
tion of photosynthesis. This book is intended for
a wide audience but it is designed specifically for
advanced undergraduate and graduate students
and for researchers in photosynthesis who are
interested in the functions and roles of membrane
and storage lipids.

Chapter 1 provides a brief overview of find-
ings made during the last decade by exploi-
tation of newly available information and
technigues, such as genome sequences, mutagen-
esis and transgenes, and physical and electron-
microscopic methods, Readers are directed
to appropriate chapters in which each specific
topic is covered in depth. We have also made an
¢ffort Lo provide cross-references between chap-
ters to help readers access all relevant materials
on each specific topic.

The other chapters encompass several major
themes: The structure, molecular organiza-
tion, and biosynthesis of fatty acids in plants
(Chapter 2); the structure, composition and bio-
synthesis of membrane glycerolipids in higher
plant chloroplasts (Chapter 3), in plant mito-
chondria (Chapter 4), in lower plants, algae,
lichens and mosses (Chapter 6), in the green alga
Chlamydomonas reinhardtii (Chapter 7), and In
cyanobacteria (Chapter 8); the structure, compo-
sition, and biosynthesis of membrane nonglycero-
lipids, namely, sphingolipids in photosynthetic
organisms (Chapter 5) and heterocyst-specific
glycolipids in cyanobacteria (Chapter 9); the
molecular structural organization of glycero-
lipids in the photosynthetic apparatus (Chapter
10): therolesofglycerolipidsinthe photosynthetic
membranes of higher plants and cyanobacteria
(Chapters 11 and 12); the dynamics and archi-
tecture of thylakoid membranes with emphasis
on their lipids (Chapters 13 and 14); the genetic
manipulation of the unsaturation of membrane
lipids and its efTects on gene expression and photo-
synthesis (Chapters 15 and 17); lipid trafficking



in chloroplasts and cells of higher plants (Chapter
16); the genetic manipulation of the biosynthesis
of triacylglyeerol in plant seeds (Chapter 19); the
functions of products of oxidation of membrane
lipids as signaling molecules in higher plants
(Chapter 18); and, finally, the development of
advanced methods, such as mass spectrometry,
for the analysis of lipids from photosynthetic
organisms (Chapter 20)).

The publication of this book has involved
the efforts of many people to whom we would
like to express our gratitude. First and foremost,
we thank the authors of individual chapters tor
their contributions and for their cooperation dur-
ing revision of their manuscripts. We are also
grateful to the reviewers who read the various
chapters and whose advice and suggestions did
so much to improve the quality of the book.
They are, in alphabetical order, Mats Andersson
{Goteborg University). Christoph Benning (Michi-
gan State University), Douglas Bruce (Brock Uni-
versity), Andrew Cossins (University of Liverpool),
Peter Dormann (University of Bonn), Ivo Feussner

(Georg-August-University Gottingen), James W.
Golden (Texas A&M University), Govindjee (Uni-
versity of Illinois at Urbana-Champaign), Emst
Heinz (University Hamburg), Michael Jones (Uni-
versity of Bristol), Daniel V. Lynch (Williams Col-
lege), Johnathan Mapier (Rothamsted Research),
lkuo Mishida (Saitama University), John Ohlrogge
(Michigan State University), Norihiro Sato (Tokyo
University of Pharmacy and Life Sciences), Kush-
nir Sergei (Ghent University), Antoni R. Slabas
{(University of Durham), Willem Vermass (Ari-
zona State University), and Ruth Welti (Kansas
State University). Finally, we thank Govindjee, the
series editor of “Advances in Photosynthesis and
Respiration™, for inviting us to produce this book
and for placing his trust in our efforts. We express
our gratitude to Noeline Gibson, Jacco Flipsen,
André Tournois, all of Springer, Dordrecht, for
their help in the planning and the production of
this book. We also thank Peter Pushpanathan,
of SPi Technologies Pvt. Ltd, Pondicherry, India,
for his valuable help during the typesetting and the
final stages of this book.
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