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PHOTOSYNTHESIS
Volume I: Energy Conversion
by Plants and Bacteria

This two-volume work is a comprehensive examination of the
molecular mechanisms of the conversion of light energy into
chemical energy. Serving as both a review of fundamental theory
and a summary of recent research, these two volumes will be a
valuable reference for researchers and a fine introductory text
for students of the biological, biochemical, and plant sciences.

The uniqueness of these volumes lies in their treatment of the
energy conversion phenomenon in both plants and bacteria. A
principal theme is the need for a thorough understanding of the
molecular mechanisms involved in order to manipulate the bio-
logical systems to improve the overall rates of photosynthesis
and, consequently, to increase food and biomass productivity. A
second theme is that knowledge of the molecular aspects of the
energy conversion process will facilitate the design of artificial
systems to utilize solar energy for the production of chemical and
electrical energy. The emphasis is on the biochemical and
biophysical aspects of the topics covered.




BIOCHEMICAL AND PHOTOSYNTHETIC
ASPECTS OF ENERGY PRODUCTION
Edited by ANTHONY SAN PIETRO

1980, 231 pp. / ISBN: 0-12-618980-3

The book is well produced, has a usefulindex and comprehen-
sive lists of references, and represents a valuable summary of

the state of an important subject.” — NATURE
“Assemblefs] quite a diversity of information in an inherently
diverse field.” — BIOSCIENCE
CONTENTS:

David O. Hall, Biological and Agricuitural Systems: An Over-
view. George A. Jackson, Marine Biomass Production through
Seaweed Aquaculture. William J. Oswald and John R. Bene-
mann, Algal-Bacterial Systems. Donald L. Wise, Fuels and
Organic Chemicals via Anaerobic Fermentation of Residues
and Biomass. D. W. Emerich and H. J. Evans, Biological Nitro-
gen Fixation with an Emphasis on the Legumes. James A.
Bassham, Energy Crops (Energy Farming). Peter Boger, The
0,/CO, Cycle: Development and Atmospheric Consequences.
Ami Ben-Amotz, Glycerol Productionin the Alga Dunaliella.
C. W. Lewis, Overall Energy Considerations. Index.
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Preface

Sunlight is a plentiful, continuously available source of energy. Photo-
synthesis converts this radiant energy into chemical energy in a highly
efficient manner. Plants and cyanobacteria use water as a hydrogen
donor and produce oxygen as a by-product; energy is stored in complex
organic molecules. Photosynthetic bacteria use chemicals such as H,S as
their hydrogen donors. Hence, they do not produce oxygen as a by-
product. In plants, there is a noncyclic electron flow from water to
nicotinamide adenine dinucleotide phosphate (NADP™*) producing
NADPH and adenosine triphosphate (ATP). In photosynthetic bacteria,
except, perhaps, in green bacteria, there is a cyclic electron flow produc-
ing ATP; the pyridine nucleotide, nicotinamide adenine dinucleotide
(NAD), is reduced through reversed (uphill) electron flow by utilizing
ATP and the externally added hydrogen donors. The complete se-
quence of the conversion of light energy into the production of ATP and
NADPH (or NADH) in both plants and bacteria is the subject of this
volume. The uniqueness of this volume lies in its integrated approach to
both plant and bacterial photosynthesis. A separate volume (Photo-
synthesis: Development, Carbon Metabolism, and Plant Productivity, Vol. 11)
includes discussion on how ATP and NADPH are used to fix carbon
dioxide into organic compounds and on the relationship between photo-
synthesis and plant productivity.

The contributors discuss the various aspects of the energy conversion
process in both plants and bacteria in an integrated fashion, except, of
course, when they deal with a process unique to one system. Most chap-
ters have two authors—one an expert in plant photosynthesis and the
other in bacterial photosynthesis. This volume emphasizes the biochemi-
cal and biophysical aspects of photosynthesis. It also contains a review of
the historical development of major concepts, analysis of experimental
data, and an exposition of recent findings. Since both background and
up-to-date information is included, the book will serve not only as a
reference source for researchers but also as an introductory work for

xvii
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Xviii PREFACE
graduate and advanced undergraduate students in cell biology, plant
physiology, biochemistry, and biophysics.

It is our belief that a basic understanding of photosynthesis is needed
before we can use it to improve the overall rate of photosynthesis of a
single plant or learn how to build photosynthesis-based artificial devices
to convert light energy efficiently into electrical and chemical energy.

The reader is encouraged to read both Chapters 1 and 2 before going
on to the later ones, since Chapter 1, in addition to introducing the
various chapters briefly, presents some of the past concepts, and Chap-
ter 2 discusses the current attitudes in research and presents a compara-
tive biophysical chemistry of both plants and bacteria.

GOVINDJEE
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Bessel Kok (1918-1979):
A Tribute

Bessel Kok was born and educated in Holland, receiving the degrees
of Candidate in Natural Philosophy in 1938, Doctor of Natural Philoso-
phy in 1941 from the University of Leiden, and the Ph.D. in biophysics
at the University of Utrecht in 1948. While pursuring his Ph.D. he
worked in Utrecht for a distilling company where he became acting
manager.

From 1949 to 1958, he worked for the Dutch Central Organization
for Applied Research (T.N.O.) at the University of Wageningen (except
during 1951-1952, when he was a Fellow at the Carnegie Institute of
Washington at Stanford, California).

In 1958, Bessel became director of the Bioscience Group of the Re-
search Institute for Advanced Studies (RIAS) in Baltimore, Maryland.
He was subsequently promoted to the rank of associate director of re-
search of this Martin-Marietta-sponsored laboratory and served in this
capacity until his untimely death on April 27, 1979.

Bessel’s scientific accomplishments were celebrated by a number of
awards, including the C. F. Kettering Award (1972), the Stephen Hales
Prize (1978) of the American Society of Plant Physiologists, and election
to membership (1974) in the United States National Academy of
Sciences.

Of the many aspects of research on the process of photosynthesis
thererare few which do not bear some imprint left by Bessel Kok. His
work ylelded more than 100 publications over 31 years. However, the
number of publications is less distinctive than the critical character of the
questions addressed and the results obtained.

Bessel’s dissertation was a critical study of the quantum yield of pho-
tosynthesis and its measurement. In the course of that work he dis-
covered the partial suppression of dark respiration by light, which came
to be called the Kok Effect. In the early 1950s he made in-depth studies of
solar energy conversion by algae in the context of mass culture as a
potential source of food. For the maximum conversion efficiency of light
to algal cell material his measured value of 20% stands as a benchmark.

xxi
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xxii BESSEL KOK (1918-1979): A TRIBUTE

Bessel Kok

Interest in intermittancy light effects on yields in mass culture led to the
study of flashing light at a time when there were divergent data and
interpretations for the O, flash yield. Elegant experimentation revealed
the effect of flash duration on flash yield and eliminated the then cur-
rent doubts on the conceptual validity of the photosynthetic unit.

The concept of the photosynthetic unit led to the prediction of an
ultimate photoreceptor. Bessel’s search for it by increasingly more sophisti-
cated experimentation led to his discovery and characterization of P700,
a milestone in work on the primary reactions of photosynthesis. Study of
the reversible bleaching of P700 by different actinic wavelengths pro-
vided evidence for the proposal of Kok and George Hoch, made almost
simultaneously with that of Robert Hill and Fay Bendall, for two pho-
toreactions interacting in what has come to be called the Z-scheme. There
followed widely ranging work on pool sizes, component interaction, and
transfer times of electron carriers linking the two photoreactions. Col-
laboration with Pierre and Anne Joliot added O, evolution as a kinetic
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measure of events between photosystems I and II and led subsequently
to extension of the Joliots” observations on O, yields from single flashes.
From this emerged the clearly proposed and generally accepted cyclic
four-step model for O, evolution, in Bessel’s language the oxygen clock. A
development of techniques followed which allowed critical measure-
ments of H*/e = accompanying O, evolution and the e ~-transfer steps
between the photoacts. Almost obscured by the rapid pace of these excit-
ing achievements was the development of mass spectrometric measure-
ments applied 1o the interactions between photosynthesis and respira-
tion and to an extraterrestrial life-detection system.

Undoubtedly our abridged account is incomplete, especially in its
recognition of Bessel’s many collaborators. Our intent was to sketch his
scientific history in order that we might turn to more personal thoughts.

As a practitioner of science, Bessel was distinguished by his creativity.
His keen and imaginative mind was guided into complex problems by a
remarkable intuition. Identifying and finding the nuggets (his word) al-
lowed simplification of a complex picture to its bare essentials. Such was
his art. He often claimed that his successes came from gadgeteering. In
perspective, however, one might say that his science was the product of
artistry, craftmanship, and intensity of effort.

Bessel’s scientific accomplishments reveal too little of a unique charac-
ter that had many facets. Some may have seen only the outer veneer as a
brusque and, at times, even boorish personality. Some have felt his pa-
tience and his sensitivity to all people, whatever their walk in lifc. Some
have seen his intolerance of the trappings or of the pomp and ceremony
of science. Some have enjoyed him as a witty and boisterous drinking
companion.

Bessel was an uncommonly dedicated man, dedicated to his family, to
his science, and to the joys of life. He pursued each endeavor with
unrelenting fervor and passion and with enormous mental and physical
stamina. He wore only a thin cloak of inhibitions, happily shared warmth
and encouragement, but also gave sharp and sometimes brutal criti-
cisms. His standards for his own work were uncompromisingly high, and
he expected as much from others. Many of us earned his criticisms, some
experienced his praise and encouragement, but all of us learned from
Bessel.

On behalf of all of the authors, the editor of this volume, and many
others, we salute and toast you, Bessel, for your scientific accomplish-
ment, for your free spirit, and for all the fond personal remembrances
you gave us.

GEORGE CHENIAE
JACK MYERS
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