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Advances in Photosynthesis
and Respiration Including Bioenergy

and Related Processes
Volume 47: Photosynthesis: Molecular Approaches
to Solar Energy Conversion

Photosynthesis represents the central pro-
cess in nature that has established the diver-
sity of life on Earth. Each year, photosynthesis
is responsible for using solar energy to con-
vert about 100 gigatons of carbon dioxide
into the energy-rich carbohydrates that ulti-
mately support almost all ecosystems. The
key step for the conversion of solar energy
into chemical energy takes place in molecu-
lar machines known as photosystems. These
are found in biological membranes in the
chloroplasts of plants and algae and in simi-
lar membranes in photosynthetic bacteria.
One of these photosystems, known as
Photosystem II, uses light-energy to obtain
electrons from water that are utilized in the
reactions leading to fixing carbon into sugars
while at the same time being the source of
the oxygen we breathe and the oxygen of the
protective ozone layer of our planet.

In volume 47 of the Advances in
Photosynthesis and Respiration (AIPH)
series, Jian-Ren Shen, Kimiyuki Satoh, and
Suleyman Allakverdiev have brought
together an impressive team of experts pro-
viding a detailed appraisal of current knowl-
edge on the molecular systems that operate
in biological solar energy conversion.
Inspired by the outstanding career of the late
Professor Vyacheslav Vasilevich Klimov,
and as a tribute to his many contributions to
our understanding of Photosystem II, the

chapters focus on photosystems in plants,
algae, and cyanobacteria and their light-har-
vesting systems. The importance of this field
for the development of artificial photosyn-
thesis and photosynthetic hydrogen produc-
tion for clean energy technologies is also
emphasized in this book.

Authors of Volume 47

Reflecting the international impact of
Professor Klimov’s career and the interna-
tional focus of the AIPH book series, this
volume has authors from 14 countries:
Australia (6), China (2), Germany (2),
Hungary (3), India (2), Iran (1), Israel (2),
Japan (17), Russia (10), Slovak Republic (2),
Spain (3), Ukraine (1), UK (1), and the USA
(2). There are 54 authors (including the 3
editors) who are all recognized experts in
their fields. Alphabetically (by last names),
they are Parveen Akhtar, Seiji Akimoto,
Fusamichi Akita, Miguel Alfonso, Suleyman
1. Allakhverdiev, James Barber, Vinzenz
Bayro-Kaiser, Marian Brestic, Min Chen,
Thomas Friedrich, Vera Grechanik, Gy6z6
Garab, Miguel A. Hernandez-Prieto, Harvey
JM. Hou, Kentaro Ifuku, Hiroshi Isobe,
Takahashi Kawakami, Andrey
A. Khorobrykh, Petar H. Lambrev, Maria
A. Lujan, Sai Kiran Madireddi, Mahir



Vi

D. Mamedov, David Mauzerall, Koichi
Miyagawa, Ruyo Nagao, Yoshiki Nakajima,
Nathan Nelson, Takumi Noguchi, Ron J.
Pace, Simon Petrie, Rafael Picorel, Xiao-
Chun Qin. Galina Riznichenko, Andrew
Rubin, Kimiyuki Satoh, Franz-Josef Schmitt,
Alexey Yu. Semenov, Jian-Ren Shen, Rob
Stranger, Rajagopal Subramanyam,
Michihiro Suga, Oksana Sytar, Richard
Terrett, Alexander N. Tikhonov, Tatsuya
Tomo, Peyman Mohammadzadeh
Toutounchi, Anatoly Tsygankov, Yoshifumi
Ueno, Wen-Da Wang, Kizashi Yamaguchi,
Shunsuke Yamanaka, Denis V. Yanykin,
Makio Yokono, and Mareck Zivcak. We are
grateful for their efforts in making this
important volume.

Our Books

We list below information on the volumes
that have been published thus far (see
http://www.springer.com/series/5599 for the
series website). Electronic access to individ-
ual chapters depends on subscription (ask
your librarian), but Springer provides free
downloadable front matter as well as indexes
for all volumes. The available websites of the
books in the series are listed below.

e Volume 45 (2020) Photosynthesis in Algae:
Biochemical and Physiological Mechanisms,
edited by Anthony W.D. Larkum from
Australia, Arthur R. Grossmann from
the USA and John A. Raven from the
UK. Seventeen chapters, 514 pp, Hardcover
ISBN 978-3-030-33396-6, eBook ISBN 978-
3-030-33397-3 [http://www.springer.com/gp/
book/9783030333966]

¢ Volume 44 (2018) The Leaf: A Platform for
Performing Photosynthesis, edited by
William W. Adams III from the USA and
Ichiro Terashima from Japan. Fourteen chap-
ters, 575 pp, Hardcover ISBN 978-3-319-
93592-8, eBook ISBN 978-3-319-93594-2
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[http://www.springer.com/gp/
book/9783319935928]

Volume 43 (2018) Plant Respiration:
Metabolic Fluxes and Carbon Balance,
edited by Guillaume Tcherkez from Australia
and Jaleh Ghashghaie from France. Eighteen
chapters, 302 pp, Hardcover ISBN 978-3-319-
68701-8, eBook ISBN 978-3-319-68703-2
[http://www.springer.com/us/
book/9783319687018]

Volume 42 (2016) Canopy Photosynthesis:
From Basics to Applications, edited by
Kouki Hikosaka from Japan, Ulo Niinemets
from Estonia, and Neils PR. Anten from the
Netherlands. Fifteen chapters, 423 pp,
Hardcover ISBN 978-94-017-7290-7, eBook
ISBN  978-94-017-7291-4  [http://www.
springer.com/book/9789401772907]

Volume 41 (2016) Cytochrome Complexes:
Evolution, Structures, Energy
Transduction, and Signaling, edited by
William A. Cramer and Tovio Kallas from the
USA. Thirty-five chapters, 734 pp, Hardcover
ISBN 978-94-017-7479-6, eBook ISBN 978-
94-017-7481-9 [http://www.springer.com/
book/9789401774796]

Volume 40 (2014) Non-Photochemical
Quenching and Energy Dissipation in
Plants, Algae and Cyanobacteria, edited by
Barbara Demmig-Adams, Gy6zé Garab,
William W. Adams III, and Govindjee from
USA and Hungary. Twenty-eight chapters,
649 pp, Hardcover ISBN 978-94-017-9031-4,
eBook ISBN 978-94-017-9032-1 [http://
www.springer.com/life+sciences/
plant+sciences/book/978-94-017-9031-4]
Volume 39 (2014) The Structural Basis of
Biological Energy Generation, edited by
Martin F. Hohmann-Marriott from Norway.
Twenty-four chapters, 483 pp, Hardcover
ISBN 978-94-017-8741-3, eBook ISBN 978-
94-017-8742-0 [http://www.springer.com/
life+sciences/book/978-94-017-8741-3]
Volume 38 (2014) Microbial BioEnergy:
Hydrogen Production, edited by Davide
Zannoni and Roberto De Phillipis, from Italy.
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Eighteen chapters, 366 pp, Hardcover ISBN
978-94-017-8553-2, eBook ISBN 978- 94-
017-8554-9 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-94-017-8553-2]

Volume 37 (2014) Photosynthesis in
Bryophytes and Early Land Plants, edited
by David T. Hanson and Steven K. Rice, from
USA. Eighteen chapters, approx. 342 pp,
Hardcover ISBN 978-94-007-6987-8, eBook
ISBN  978-94-007-6988-5  [http://Wwww.
springer.com/life+sciences/plant+sciences/
book/978-94-007-6987-8]

Volume 36 (2013) Plastid Development in
Leaves during Growth and Senescence,
edited by Basanti Biswal, Karin Krupinska
and Udaya Biswal, from India and Germany.
Twenty-eight chapters, 837 pp, Hardcover
ISBN 978-94-007-5723-33, eBook ISBN
978-94-007-5724-0 [http://www.springer.
com/life+sciences/plant+sciences/
book/978-94-007-5723-3]

Volume 35 (2012) Genomics of Chloroplasts
and Mitochondria, edited by Ralph Bock and
Volker Knoop, from Germany. Nineteen chap-
ters, 475 pp, Hardcover ISBN 978-94-007-
2919-3 eBook ISBN 978-94-007-2920-9
[http://www.springer.com/life+sciences/
plant+sciences/book/978-94-007-2919-3]
Volume 34 (2012) Photosynthesis - Plastid
Biology, Energy Conversion and Carbon
Assimilation, edited by Julian J. Eaton-Rye,
Baishnab C. Tripathy, and Thomas D. Sharkey,
from New Zealand, India, and USA. Thirty-
three chapters, 854 pp, Hardcover, ISBN 978-
94-007-1578-3, eBook ISBN
978-94-007-1579-0 [http://www.springer.
com/life+sciences/plant+sciences/
book/978-94-007-1578-3]

Volume 33 (2012): Functional Genomics
and Evolution of Photosynthetic Systems,
edited by Robert L. Burnap and Willem
FJ. Vermaas, from USA. Fifteen chapters,
428 pp, Hardcover ISBN 978-94-007-1532-5,
Softcover ISBN 978-94-007-3832-4, eBook
ISBN  978-94-007-1533-2  [http://Www.

Vii

springer.com/life+sciences/
book/978-94-007-1532-5]

Volume 32 (2011): C4 Photosynthesis and
Related CO2 Concentrating Mechanisms,
edited by Agepati S. Raghavendra and Rowan
Sage, from India and Canada. Nineteen chap-
ters, 425 pp, Hardcover ISBN 978-90-481-
9406-3, Softcover ISBN 978-94-007-3381-7,
eBook ISBN 978-90-481-9407-0 [http://
www.springer.com/life+sciences/
plant+sciences/book/978-90-481-9406-3]
Volume 31 (2010): The Chloroplast: Basics
and Applications, edited by Constantin
Rebeiz, Christoph Benning, Hans J. Bohnert,
Henry Daniell, J. Kenneth Hoober, Hartmut
K. Lichtenthaler, Archie R. Portis, and
Baishnab C. Tripathy, from USA, Germany,
and India. Twenty-five chapters, 451 pp,
Hardcover ISBN 978-90-481-8530-6,
Softcover ISBN 978-94-007-3287-2, eBook
ISBN  978-90-481-8531-3  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-90-481-8530-6]

Volume 30 (2009): Lipids in Photosynthesis:
Essential and Regulatory Functions, edited
by Hajime Wada and Norio Murata, both from
Japan. Twenty chapters, 506 pp, Hardcover
ISBN 978-90-481-2862-4, Softcover ISBN
978-94-007-3073-1 eBook ISBN 978-90-481-
2863-1 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-90-481-2862-4]

Volume 29 (2009): Photosynthesis in Silico:
Understanding Complexity from Molecules,
edited by Agu Laisk, Ladislav Nedbal, and
Govindjee, from Estonia, The Czech Republic,
and USA. Twenty chapters, 525 pp, Hardcover
ISBN 978-1-4020-9236-7, Softcover ISBN
978-94-007-1533-2, eBook ISBN 978-1-
4020-9237-4 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-1-4020-9236-7]

Volume 28 (2009): The Purple Phototrophic
Bacteria, edited by C. Neil Hunter, Fevzi
Daldal, Marion C. Thurnauer and J. Thomas
Beatty, from UK, USA and Canada.
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Forty-eight chapters, 1053 pp, Hardcover
ISBN 978-1-4020-8814-8, eBook ISBN 978-
1-4020-8815-5 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-1-4020-8814-8]

Volume 27 (2008): Sulfur Metabolism in
Phototrophic  Organisms, edited by
Christiane Dahl, Riidiger Hell, David Knaff
and Thomas Leustek, from Germany and
USA. Twenty-four chapters, 551 pp,
Hardcover ISBN 978-4020-6862-1, Softcover
ISBN 978-90-481-7742-4, eBook ISBN 978-
1-4020-6863-8 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-1-4020-6862-1]

Volume 26 (2008): Biophysical Techniques
Photosynthesis, Volume II, edited by Thijs
Aartsma and Jorg Matysik, both from The
Netherlands. Twenty-four chapters, 548 pp,
Hardcover, ISBN 978-1-4020-8249-8,
Softcover ISBN 978-90-481-7820-9, eBook
ISBN  978-1-4020-8250-4  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-1-4020-8249-8]

Volume 25 (2006): Chlorophylls and
Bacteriochlorophylls: Biochemistry,
Biophysics, Functions and Applications,
edited by Bernhard Grimm, Robert J. Porra,
Wolfthart Riidiger, and Hugo Scheer, from
Germany and Australia. Thirty-seven chap-

ters, 603 pp, Hardcover, ISBN 978-1-
40204515-8, Softcover ISBN
978-90-481-7140-8, eBook ISBN 978-1-
4020-4516-5 [http://www.springer.com/

life+sciences/plant+sciences/
book/978-1-4020-4515-8]

Volume 24 (2006): Photosystem I: The
Light-Driven Plastocyanin:Ferredoxin
Oxidoreductase, edited by John H. Golbeck,
from USA. Forty chapters, 716 pp, Hardcover
ISBN 978-1-40204255-3, Softcover ISBN
978-90-481-7088-3, eBook ISBN 978-1-
4020-4256-0 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-1-4020-4255-3]

Volume 23 (2006): The Structure and
Function of Plastids, edited by Robert
R. Wise and J. Kenneth Hoober, from
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USA. Twenty-seven
Softcover, ISBN: 978-1-4020-6570-6;
Hardcover ISBN 978-1-4020-4060-3,
Softcover ISBN 978-1-4020-6570-5, eBook
ISBN  978-1-4020-4061-0  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-1-4020-4060-3]

Volume 22 (2005): Photosystem II: The
Light-Driven Water:Plastoquinone
Oxidoreductase, edited by  Thomas
J. Wydrzynski and Kimiyuki Satoh, from
Australia and Japan. Thirty-four chapters, 786
pp, Hardcover ISBN 978-1-4020-4249-2,
eBook ISBN 978-1-4020-4254-6 [http:/
www.springer.com/life+sciences/
plant+sciences/book/978-1-4020-4249-2]
Volume 21 (2006): Photoprotection,
Photoinhibition, Gene Regulation, and
Environment, edited by Barbara Demmig-
Adams, William W. Adams III and Autar
K. Mattoo, from USA. Twenty-one chapters,
380 pp, Hardcover ISBN 978-14020-3564-7,
Softcover ISBN 978-1-4020-9281-7, eBook
ISBN  978-1-4020-3579-1  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-1-4020-3564-7]

Volume 20 (2006): Discoveries in
Photosynthesis, edited by Govindjee,
J. Thomas Beatty, Howard Gest and John
F. Allen, from USA, Canada and UK. One
hundred and eleven chapters, 1304 pp,
Hardcover ISBN 978-1-4020-3323-0, eBook
ISBN  978-1-4020-3324-7  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-1-4020-3323-0]

chapters, 575 pp,

Volume 19 (2004): Chlorophyll a
Fluorescence: A Signature of
Photosynthesis, edited by George

C. Papageorgiou and Govindjee, from Greece
and USA. Thirty-one chapters, 820 pp,
Hardcover, ISBN 978-1-4020-3217-2,
Softcover ISBN 978-90-481-3882-1, eBook
ISBN  978-1-4020-3218-9  [http://www.
springer.com/life+sciences/
biochemistry+%26+biophysics/
book/978-1-4020-3217-2]

Volume 18 (2005): Plant Respiration: From
Cell to Ecosystem, edited by Hans Lambers
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and Miquel Ribas-Carbo, from Australia and
Spain. Thirteen chapters, 250 pp, Hardcover
ISBN978-14020-3588-3, Softcover ISBN
978-90-481-6903-0, eBook ISBN 978-1-
4020-3589-0 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-1-4020-3588-3]

Volume 17 (2004): Plant Mitochondria:
From Genome to Function, edited by David
Day, A. Harvey Millar and James Whelan,
from Australia. Fourteen chapters, 325 pp,
Hardcover,  ISBN: 978-1-4020-2399-6,
Softcover ISBN 978-90-481-6651-0, eBook
ISBN  978-1-4020-2400-9  [http://www.
springer.com/life+sciences/cell+biology/
book/978-1-4020-2399-6]

Volume 16 (2004): Respiration in Archaea
and Bacteria: Diversity of Prokaryotic
Respiratory Systems, edited by Davide
Zannoni, from Italy. Thirteen chapters, 310
pp, Hardcover ISBN 978-14020-2002-5,
Softcover ISBN 978-90-481-6571-1, eBook
ISBN  978-1-4020-3163-2  [http://Www.
springer.com/life+sciences/plant+sciences/
book/978-1-4020-2002-5]

Volume 15 (2004): Respiration in Archaea
and Bacteria: Diversity of Prokaryotic
Electron Transport Carriers, edited by
Davide Zannoni, from Italy. Thirteen chap-
ters, 350 pp, Hardcover ISBN 978-1-4020-
2001-8, Softcover ISBN 978-90-481-6570-4,
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www.springer.com/life+sciences/
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book/978-0-7923-6333-0]
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Antennas in Photosynthesis, edited by
Beverley R. Green and William W. Parson,
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Softcover ISBN 978-90-481-5468-5, eBook
ISBN  978-94-017-2087-8  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-0-7923-6335-4]

Volume 12 (2003): Photosynthetic Nitrogen
Assimilation and Associated Carbon and
Respiratory Metabolism, edited by Christine
H. Foyer and Graham Noctor, from UK and
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ISBN 978-0-7923-3683-9, Softcover ISBN
978-0-7923- 3684-6, eBook ISBN 978-0-
306-48127-7 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-0-7923-3683-9]

Volume 3 (1996): Biophysical Techniques in
Photosynthesis, edited by Jan Amesz and
Arnold J. Hoff, from The Netherlands.
Twenty-four chapters, 426 pp, Hardcover
ISBN 978-0-7923-3642-6, Softcover ISBN
978-90-481-4596-6, eBook ISBN 978-0-306-
47960-1 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-0-7923-3642-6]
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*  Volume2(1995): Anoxygenic Photosynthetic
Bacteria, edited by Robert E. Blankenship,
Michael T. Madigan and Carl E. Bauer, from
USA. Sixty-two chapters, 1331 pp, Hardcover
ISBN 978-0-7923-3682-8, Softcover ISBN
978-0-7923-3682-2, eBook ISBN 978-0-306-
47954-0 [http://www.springer.com/
life+sciences/plant+sciences/
book/978-0-7923-3681-5]

¢ Volume 1 (1994): The Molecular Biology of
Cyanobacteria, edited by Donald R. Bryant,
from USA. Twenty-eight chapters, 916
pp, Hardcover, ISBN 978-0-7923-3222-0,
Softcover ISBN 978-0-7923-3273-2, eBook
ISBN  978-94-011-0227-8  [http://www.
springer.com/life+sciences/plant+sciences/
book/978-0-7923-3222-0]

Further information on these books and
ordering instructions are available at http://
WWW. springer.com/series/5599.

Special 25% discounts are available to
members of the International Society of
Photosynthesis Research, ISPR http://www.
photosynthesisresearch.org/.  See  http://
WWWw.springer.com/ispr.

Future Advances in Photosynthesis
and Respiration and Other Related
Books

The readers of the current series are encour-
aged to watch for the publication of the
forthcoming books (not necessarily arranged
in the order of future appearance):

* Photosynthesis and Climate Change (work-
ing title) (Editors: Katie M. Becklin, Joy
K. Ward, and Danielle A. Way)

* Cyanobacteria (Editor: Donald Bryant)

* Modeling Photosynthesis and Growth (Editors:
Xin-Guang Zhu and Thomas D. Sharkey)

In addition to the above books, the follow-
ing topics are under consideration:

Algae, Cyanobacteria: Biofuel and Bioenergy
Artificial Photosynthesis
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ATP Synthase: Structure and Function

Bacterial Respiration II

Evolution of Photosynthesis

Green Bacteria and Heliobacteria

Interactions Between Photosynthesis
Other Metabolic Processes

Limits of Photosynthesis: Where Do We Go
from Here?

Photosynthesis, Biomass, and Bioenergy

Photosynthesis Under Abiotic and Biotic
Stress

and

If you have any interest in editing/co-editing
any of the above listed books, or being an
author, please send an e-mail to Tom Sharkey
(tsharkey@msu.edu) and/or to Julian Eaton-
Rye (julian.eaton-rye@otago.ac.nz).
Suggestions for additional topics are also
welcome. Instructions for writing chapters in
books in our series are available by sending
e-mail requests to one or both of us.

We take this opportunity to thank and
congratulate Jian-Ren Shen, Kimiyuki
Satoh, and Suleyman Allakhverdiev for their
outstanding editorial work; they have collec-
tively done an excellent job, not only in edit-
ing, but also in organizing this book for all
of us, and for their highly professional deal-
ing with the reviewing process. We thank all

xi

54 authors of this book (see the list given
earlier and on the following pages); without
their authoritative chapters, there would be
no such volume. We give special thanks to
Mr. Prasad Gurunadham at Straive, India,
for directing the typesetting of this book; his
expertise has been crucial in guiding the
final steps that have bought this book to
completion. We also thank Zuzana Bernhart,
Andre Tournois, and Mariska van der
Stigchel (Springer) for their friendly work-
ing relation with us that led to the produc-
tion of this book and for their ongoing
organization and assistance with the AIPH
series:

July 1, 2021

Julian J. Eaton-Rye

Department of Biochemistr
University of Otago

Dunedin, New Zealand

email: julian.eaton-rye @otago.ac.nz

Thomas D. Sharkey
Department of Biochemistry
and Molecular Biology
Michigan State University
East Lansing, MI, USA
email: tsharkey @msu.edu
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A 2017 informal photograph of Govindjee (right) and

Photograph by Dilip Chhajed.

Govindjee who uses one name only, was
born on October 24, 1932, in Allahabad,
India. Since 1999, he has been professor
emeritus of biochemistry, biophysics, and
plant biology at the University of Illinois
at Urbana-Champaign (UIUC), Urbana,
IL, USA. He obtained his B.Sc. (chemistry,
botany, and zoology) and M.Sc. (botany and
plant physiology) in 1952 and 1954, respec-
tively, from the University of Allahabad. He
learned plant physiology from Shri Ranjan,
who was a student of Felix Frost Blackmann
(of Cambridge, UK). Then, Govindjee stud-
ied photosynthesis at the UIUC, under two
giants in the field, Robert Emerson (a student
of Otto Warburg) and Eugene Rabinowitch
(who had worked with James Franck),
obtaining his Ph.D. in biophysics in 1960.
Govindjee is best known for his research
on excitation energy transfer, light emission
(prompt and delayed fluorescence, and ther-
moluminescence), primary photochemistry,
and electron transfer in Photosystem Il (PS
II, water-plastoquinone oxidoreductase). His
research, with many others, includes the dis-
covery of a short-wavelength form of chloro-
phyll (Chl) a functioning in PS II; of the
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his wife Rajni (left) in Champaign-Urbana, Illinois;

two-light effect in Chl a fluorescence; and,
with his wife Rajni Govindjee, of the two-
light effect (Emerson Enhancement) in
NADP+ reduction in chloroplasts. His major
achievements, together with several others,
include an understanding of the basic rela-
tionship between Chl a fluorescence and
photosynthetic reactions; a unique role of
bicarbonate/carbonate on the electron accep-
tor side of PS II, particularly in the proton-
ation events involving the Qg binding region;
the theory of thermoluminescence in plants;
the first picosecond measurements on the
primary photochemistry of PS II; and the use
of fluorescence lifetime imaging microscopy
(FLIM) of Chl a fluorescence in understand-
ing photoprotection by plants against excess
light. His current focus is on the history of
photosynthesis research and in photosynthe-
sis education. He has served on the faculty of
the UIUC for approximately forty years.
Govindjee’s honors include: Fellow of the
American Association of Advancement of
Science (AAAS); distinguished lecturer of
the School of Life Sciences, UIUC; fellow
and lifetime member of the National
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Academy of Sciences (India); president of
the American Society for Photobiology
(1980-1981); Fulbright scholar (1956),
Fulbright senior lecturer (1997), and
Fulbright specialist (2012); honorary presi-
dent of the 2004 International Photosynthesis
Congress (Montréal, Canada); the first recip-
ient of the Lifetime Achievement Award of
the Rebeiz Foundation for Basic Biology,
2006; recipient of the Communication Award
of'the International Society of Photosynthesis
Research, 2007; and of the Liberal Arts and
Sciences Lifetime Achievement Award of
the UIUC, (2008). Further, Govindjee has
been honored many times: (1) in 2007,
through 2 special volumes of Photosynthesis
Research, celebrating his 75th birthday and
for his 50-year dedicated research in photo-
synthesis (guest editor: Julian J. Eaton-Rye);
(2) in 2008, through a special International
Symposium on “Photosynthesis in a Global
Perspective”, held in November 2008, at the
University of Indore, India; this was fol-
lowed by a book Photosynthesis: Basics and
Applications (edited by S. Itoh, P. Mohanty
and K.N. Guruprad); (3) in 2012, through
Photosynthesis — Plastid Biology, Energy
Conversion and Carbon Assimilation, edited
by Julian J. Eaton-Rye, Baishnab C. Tripathy,
and Thomas D. Sharkey; (4) in 2013, through
special issues of Photosynthesis Research
(volumes 117 and 118), edited by Suleyman
Allakhverdiev, Gerald Edwards, and Jian-
Ren Shen celebrating his 80th (or rather
81st) birthday; (5) in 2014, through celebra-
tion of his 81st birthday in Ttebon, the Czech
Republic (O. Prasil [2014] Photosynth Res
122: 113-119); and (6) in 2016, through the
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prestigious Prof. B.M. Johri Memorial Award
of the Society of Plant Research, India. In
2018, Photosynthetica published a special
issue to celebrate his 85th birthday (Editor:
Julian J. Eaton-Rye).

Govindjee’s unique teaching of the
Z-scheme of photosynthesis, where students
act as different intermediates, has been pub-
lished in two papers (1) PK. Mohapatra and
N.R. Singh [2015] Photosynth Res 123:105—
114); (2) S. Jaiswal, M. Bansal, S. Roy, A,
Bharati, and B, Padhi [2017] Photosynth Res
131: 351—359. Govindjee is a coauthor of a
classic ~and  highly  popular  book
Photosynthesis (with E.I.  Rabinowitch,
1969) and of a historical book Maximum
Quantum Yield of Photosynthesis: Otto
Warburg and the Midwest Gang” (with
K. Nickelsen, 2011). He is editor (or coedi-
tor) of many books including: Bioenergetics
of Photosynthesis (1975); Photosynthesis, 2
volumes (1982); Light Emission by Plants
and  Bacteria (1986); Chlorophyll a
Fluorescence: A Signature of Photosynthesis
(2004);  Discoveries in  Photosynthesis
(2005); and Non-Photochemical Quenching
and Energy Dissipation in Plants, Algae and
Cyanobacteria (2015).

Since 2007, each year, a Govindjee and
Rajni Govindjee Award is given to graduate
students, by the Department of Plant Biology
(odd years) and by the Department of
Biochemistry (even years), at the UIUC, to
recognize excellence in biological sciences.
For further information on Govindjee, see
his website at http://www.life.illinois.edu/
govindjee.
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Thomas D. (Tom) Sharkey obtained his bach-
elor’s degree in biology in 1974 from Lyman
Briggs College, a residential science college
at Michigan State University, East Lansing,
Michigan, USA. After 2 years as a research
technician, Tom entered a Ph.D. program in
the Department of Energy Plant Research
Laboratory at Michigan State University
under the mentorship of Klaus Raschke and
finished in 1979. Postdoctoral research was
carried out with Graham Farquhar at the
Australian National University, in Canberra,
where he coauthored a landmark review on
photosynthesis and stomatal conductance.
For 5 years he worked at the Desert Research
Institute, Reno, Nevada. After Reno, Tom
spent 20 years as professor of botany at the
University of Wisconsin in Madison. In
2008, Tom became professor and chair of the
Department of Biochemistry and Molecular
Biology at Michigan State University. In
2017, Tom stepped down as department chair
and moved to the MSU-DOE Plant Research
Laboratory, completing a 38-year sojourn
back to his beginnings. Tom’s research inter-
ests center on the exchange of gases between
plants and the atmosphere and carbon metabo-
lism of photosynthesis. The biochemistry and
biophysics underlying carbon dioxide uptake
and isoprene emission from plants form the
two major research topics in his laboratory.

Among his contributions are measurement
of the carbon dioxide concentration inside
leaves, an exhaustive study of short-term
feedback effects in carbon metabolism, and a
significant contribution to elucidation of the
pathway by which leaf starch breaks down at
night. In the isoprene research field, his labora-
tory has cloned many of the genes that under-
lie isoprene synthesis and he has published
many important papers on the biochemical
regulation of isoprene synthesis. Tom’s work
has been cited over 26,000 times according to
Google Scholar in 2017. He has been named
an Outstanding Faculty member by Michigan
State University, and in 2015, he was named
a University Distinguished Professor. He is
a fellow of the American Society of Plant
Biologists and of the American Association
for the Advancement of Science. Tom has
co-edited three books, the first on trace
gas emissions from plants in 1991 (with
Elizabeth Holland and Hal Mooney), vol-
ume 9 of this series (with Richard Leegood
and Susanne von Caemmerer) on the physi-
ology of carbon metabolism of photosyn-
thesis in 2000, and volume 34 (with Julian
J. Eaton-Rye and Baishnab C. Tripathy) enti-
tled Photosynthesis: Plastid Biology, Energy
Conversion and Carbon Assimilation. Tom
has been co-editor of this series since volume
31.
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Julian J. Eaton-Rye is a professor in the
Department of Biochemistry at the University
of Otago, New Zealand. He received his
undergraduate degree in botany from the
University of Manchester in the UK in 1981
and his Ph.D. from the University of Illinois
in 1987, where he worked with Govindjee
on the role of bicarbonate in the regulation
of electron transfer through Photosystem
II. Before joining the Biochemistry
Department at Otago University in 1994,
he was a postdoctoral researcher focus-
ing on various aspects of Photosystem II
protein biochemistry with Professor Norio
Murata at the National Institute of Basic
Biology in Okazaki, Japan, with Professor
Wim Vermaas at Arizona State University,
and with Dr. Geoffrey Hind at Brookhaven
National Laboratory. His current research
interests include structure-function rela-
tionships of Photosystem II proteins both
in biogenesis and electron transport as well
as the role of additional protein factors in
the assembly of Photosystem II. Julian has

been a consulting editor for the Advances in
Photosynthesis and Respiration series since
2005, and edited volume 34 (with Baishnab
C. Tripathy and Thomas D. Sharkey) entitled
Photosynthesis: Plastid Biology, Energy
Conversion and Carbon Assimilation. He is
also an associate editor for the New Zealand
Journal of Botany and an associate editor
for the Plant Cell Biology part of Frontiers
in Plant Science. He edited a Frontiers
Research Topic titled Assembly of the
Photosystem 11 Membrane-Protein Complex
of Oxygenic Photosynthesis (with Roman
Sobotka) in 2016 and this is available as an
eBook [ISBN 978-2-88945-233-0]. Julian
has served as president of the New Zealand
Society of Plant Biologists (2006-2008) and
as president of the New Zealand Institute of
Chemistry (2012). He has been a member
of the International Scientific Committee of
the Triennial International Symposium on
Phototrophic Prokaryotes (2009-2018) and
is currently the secretary of the International
Society of Photosynthesis Research.



What a wonderful collection of chapters
dedicated to the memory of Slava Klimov.
The editors are to be congratulated, and par-
ticularly Suleyman Allakhverdiev for draw-
ing together chapters covering a wide
spectrum of aspects of the light reactions of
photosynthesis. Suleyman studied under the
direction of Slava for his PhD and is one of
his most successful students.

Slava Klimov contributed greatly to pho-
tosynthesis research but perhaps his most
important and lasting contribution was the
discovery that pheophytin is the primary
electron acceptor in the Photosystem Two
(PS II) reaction center (1). In fact it was the
study of PS II which dominated his research
focus as recorded in the memorial paper
published in Photosynthesis Research in
2017 soon after he passed away (2). What
could be more important than unravelling
the molecular mechanisms of one of the
most important enzymes on our planet which
has been the “Engine of Life” for the past
three billion years?

In fact life on our planet occurred about
four billion years ago following half a billion
years of geological and chemical evolution.
It took the form of single-cell prokaryotic
chemotrophs obtaining their energy from
chemicals which could act as electron
donors. After 1.5 billion years there were a
wide variety of anaerobic prokaryotes which
fell into two groups, archaea and bacteria.
Darwinian principles had allowed these pro-
karyotes to be widely distributed in many
different types of environments and evolve
complex systems to capture and utilize

Foreword

energy for the reductive process of cellular
biochemistry. Sooner or later, however, the
energy sources (oxidizable substrates) avail-
able to these chemotrophic prokaryotes
became limiting and some developed the
capacity to supplement their metabolic
energy requirements by absorbing solar radi-
ation. This heralded the “Big Bang of
Evolution” since this strategy gave rise to
phototrophic organisms which could use
sunlight to totally drive their bioenergetics.
This was achieved by using solar energy to
extract “hydrogen” (in the form of high
energy electrons and protons) from water
and release oxygen into the atmosphere.
From then on life prospered and diversified
on an enormous scale driven by Darwinian
evolution. It was from this success that
humans evolved as a very special species
with abilities far beyond any other animals
that have ever lived on planet Earth. Yet we
are on a very dangerous course which some
believe could result in the elimination of our
species in a matter of a few hundred years if
we carry on the way we do today, that is, con-
tinue to use fossil fuel as a major energy
source. Biology solved its energy problem
by using sunlight to split water and extract
the stored energy by recombining ‘“hydro-
gen” with oxygen via respiration. We must
do the same by using energy from the sun
captured directly via photovoltaic cells and
indirectly by hydro-, wind-, and wave-power
to give electricity and hydrogen as the two
main energy carriers. The latter comple-
ments Dbatteries for renewable energy
storage and must come from the electrolysis
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of water. There is an urgent need to progress
by expanding and developing the appropriate
technologies and putting in place the infra-
structure, particularly for the generation of
hydrogen and its storage, transport, and use.
The studies of Slava Klimov and the many
other contributions represented in this book
serve as a blue print for tackling the most
urgent problem facing organized humankind,
namely, anthropogenic climate change.

References

1. Klimov VYV, Klevanik AV, Shuvalov VA, Krasnovsky
AA (1977) Reduction of pheophytin in the pri-
mary light reaction of photosystem II. FEBS Lett
82:183-186

Foreword

2. Allakhverdiev SI, Zharmukhamedov SK, Rodionova
MYV, Shuvalov VA, Dismukes C, Shen JR, Barber J,
Samuelsson G, Govindjee (2017) A scientist par
excellence, a great human being, a friend, and a
Renaissance man. Photosynth Res 136:1-16

James Barber
Imperial College London, London, UK

Professor James Barber passed away on
January 5, 2020 at the age of 79. He kindly
wrote this forward for us while he was alive.
The editors would like to acknowlege his
great contributions in the field of photosyn-
thesis research and pray for the repose of
his soul.
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Photosynthesis has been the subject of exten-
sive research for several decades involving a
number of scientists in different fields, in
order to elucidate and understand the mecha-
nisms underlying the solar energy conver-
sion reactions and to utilize them artificially
to obtain renewable energy for the realiza-
tion of a sustainable society. In recent years,
photosynthesis research has increasingly
developed into a deeper understanding of the
molecular and atomic level of the compo-
nents involved. The present book,
Photosynthesis: Molecular Approaches to
Solar Energy Conversion, focuses on such
aspects as solar energy harvesting, utiliza-
tion, and novel pigments absorbing and uti-
lizing far-red light, from a molecular to an
atomic level. Owing to the rapid develop-
ment of X-ray crystallography and cryo-
electron microscopy, the structures of
photosystem I (PS I), photosystem II (PS II),
and their complexes with various light-har-
vesting complexes (LHCs), have been
solved, and they are the subject of this book.

Chapter 1 describes the structure of the
PS 1I core, its conservation and differences,
from various organisms, and the mechanism
of water oxidization achieved by recent
pump-probe X-ray free electron laser experi-
ments. This experimental result is followed
by two theoretical chapters (Chaps. 2 and 3)
describing the theoretical calculations of the
Mn,CaOs cluster and the mechanism of
water oxidation. Chapter 2 favors the high
oxidation scenario, whereas Chap. 3 favors
the low oxidation scenario, of the Mn ions
within the Mn,CaOjs cluster. Chapter 4 deals
with the artificial utilization of solar energy
by modeling natural water oxidization. A
molecular mechanism for asymmetric elec-
tron transfer on the donor side of PS II is
described in Chap. 12.

Preface

Due to the low energy density that solar
energy has on the surface of the earth, light
energy has to be collected and transferred
to the reaction center of PS II and PS I to
initiate the charge separation and a series of
electron transfer reactions. The pigments
involved in light-energy harvesting and
transfer are reviewed in Chap. 5, with the
emphasis on two recently characterized,
far-red light absorbing pigments, chloro-
phyll d and f. Subsequently, the light-har-
vesting complexes II and I from various
oxygenic photosynthetic organisms are
described in Chaps. 6 and 7. These Chapters
describe the structure and function of
LHCII and LHCI from various organisms
from red algae to diatoms and higher plants,
and give a consensus overview of the LHC
proteins and their associated pigments. In
particular, the functions of chlorophyll J
and f, absorbing light energy in the far-red
region that was thought of little use before,
have been “hot spots” of recent extensive
studies, and their functions and energy
transfer properties are considered further in
Chaps. 8 and 9. The light energy absorbed
will need to be distributed over the two PSs
differently based on the light intensity, and
there are a number of mechanisms to regu-
late the energy balance between the two
PSs. Two major mechanisms for energy bal-
ancing, spill-over and state transitions, are
described in Chaps. 10 and 11.

Photosynthetic light-dependent reactions
occur in the thylakoid membranes of cyano-
bacteria, various algae and higher plants,
and the properties of membrane structure
and organization will have great effects on
the photosynthetic performance. There are
anumber of chapters dealing with the mem-
brane dynamics and regulation, which
include temperature-dependent regulation
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of photosynthesis studied by EPR (Chap.
13), plasticity of PS II (Chap. 14), role of
lipids and fatty acids in the assembly and
maintenance of photosynthetic complexes
during PS II turnover (Chap. 15). Evolution
and function of extrinsic proteins in water
oxidization is described in Chap. 16, and
effects of trehalose on the functional prop-
erties of PS II is reviewed in Chap. 17.
Dynamic processes of the thylakoid mem-
branes are discussed in Chap. 18, and its
specific ~ thermodynamic  information
detected by photoacoustics is described in
Chap. 19. Accumulation of metabolites in
plants under different light quality is
reviewed in Chap. 20.

Finally, artificial utilization of photosyn-
thesis research is reviewed in Chaps. 21 and

Preface

22. Chapter 21 considers hydrogen produc-
tion by natural PSs in an economic back-
ground, whereas Chap. 22 compares the
ways to produce hydrogen by different
approaches.

By bringing a number of scientists work-
ing on the molecular to atomic levels of pho-
tosynthetic systems from various fields, the
book provides an important overview on the
current status of photosynthesis research.

Jian-Ren Shen
Okayama, Japan

Kimiyuki Satoh
Okayama, Japan

Suleyman I. Allakhverdiev
Moscow, Russia



A Tribute to Vyacheslav (Slava)
Vasilyevich Klimov (1945-2017)

Vyacheslav Vasilyevich (V.V.)) Klimov (or
Slava, as most of us called him) was born on
January 12, 1945, and passed away on May
9, 2017. He began his scientific career at the
Bach Institute of Biochemistry of the USSR
Academy of Sciences, Moscow, Russia, and
then he became associated with the Institute
of Photosynthesis, Pushchino, Moscow
Region, for about 50 years. He worked in the
field of biochemistry and biophysics of pho-
tosynthesis. He is known for his studies on
the molecular organization of photosystem
II (PS II). He was an eminent scientist in the

field of photobiology, a well-respected pro-
fessor, and, above all, an outstanding
researcher. Furthermore, he was one of the
founding members of the Institute of
Photosynthesis in Pushchino, Russia. To
most, Slava Klimov was a great human
being. He was one of the pioneers of research
on the understanding of the mechanism of
light energy conversion and of water oxida-
tion in photosynthesis. Slava had many col-
laborations all over the world, and he is (and
will be) very much missed by the scientific
community and friends in Russia as well as
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around the world. We present here a brief
biography and some comments on his
research in photosynthesis. We remember
him as a friendly and enthusiastic person
who had an unflagging curiosity and energy
to conduct outstanding research in many
aspects of photosynthesis, especially that
related to PS IL.*

*For more details see: Allakhverdiev SI,
Zharmukhamedov SK, Rodionova MYV,
Shuvalov VA, Dismukes GC, Shen JR,
Barber J, Samuelsson S, Govindjee (2018)
Vyacheslav (Slava) Klimov (1945-2017): A
scientist par excellence, a great human being,
a friend, and a Renaissance man. Photosynth
Res, v. 136, p. 1-16. The text below is an
edited excerpt from this article.

Vyacheslav (Slava) Vasilyevich Klimov
was born on January 12, 1945, in the village
of Karavainka, Stalingrad (later Volgograd)
in the Union of Soviet Socialist Republics
(USSR). His parents were teachers: his father
(Vasiliy Alexandrovich Klimov) was a his-
tory teacher and his mother (Elizaveta
Ivanovna Klimova) was a primary school
teacher. In 1963, after graduating from
Gorno-Balykley secondary school, also in
the Volgograd region, Slava Klimov entered
the Department of Biology and Soil Science
of M.V. Lomonosov Moscow State
University. In 1968, after graduating cum
laude, he did postgraduate work on
“Photoinduced Changes of Chlorophyll «
Fluorescence Yield during Photosynthesis”
in the same department. This research was
done under the mentorship of Academician
(Prof.) Alexander A. Krasnovsky, a world-
recognized leader in photobiochemistry, and
(Prof.) Navasard V. Karapetyan. Later, after
Slava Klimov obtained the Candidate degree
(equivalent to a PhD), he joined research
group(s) led by A.A. Krasnovsky and
Vladimir (Vlad) A. Shuvalov and worked
first as a junior, and later as a senior, research
investigator at the Institute of Photosynthesis
of AN SSSR in Pushchino, Moscow Region.
Then, in 1982, Slava Klimov was appointed
as the head of the research laboratory for
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“Photosynthetic ~Water Oxidation and
Oxygen Evolution” at the Institute of Basic
Biological Problems (formerly Institute of
Photosynthesis), Russian Academy of
Science, RAS, where he worked until the last
days of his life. In 1986, Slava Klimov
obtained his Doctor of Science (specializa-
tion: Biochemistry) from the A.N. Bach
Institute of Biochemistry, RAS, for his work
on “Light Reactions of Electron Transfer in
Photosystem II of Plants and Algae.” Slava
Klimov was not only a brilliant scientist in
the field of photosynthesis, but he was
equally involved in educating young scien-
tists. He became Professor of Biochemistry,
teaching initially at the Pushchino State
University and then at the Pushchino Branch
of Moscow State University (MSU). In 1991,
he became one of the laureates of the USSR
State Prize for Science, awarded to the school

of Academician Krasnovsky
(A.A. Krasnovsky,  Yu.E. Erokhin,
VB. Evstigneev [posthumously],

N.V. Karapetyan, A.V. Klevanik, V.V. Klimov
and V.A. Shuvalov) for studies on the
Photobiochemistry of Chlorophylls. In addi-
tion, Slava Klimov was named to the presti-
gious Soros Professorship several times.

As mentioned, Slava Klimov’s research
centered on the molecular mechanism of
light energy conversion and water oxidation
during photosynthesis. He formulated and
experimentally proved fundamentally new
ideas about the mechanism of light energy
conversion in oxygen-evolving PS II (Klimov
and Krasnovsky 1981) that were widely
accepted and included in contemporary
reviews, monographs, and university courses
on photosynthesis and advanced plant physi-
ology. During his scientific career, Slava
Klimov pioneered, along with his coworkers,
the investigation of pheophytin participation
in primary charge separation at the reaction
center of PS II (see Klevanik et al. 1977;
Klimov et al. 1977, 1978, 1979a, b, 1980a, b,
¢, 1986). Furthermore, he and his collabora-
tors revealed the quantitative composition
and heterogeneity of the manganese cluster
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of WOC, the water-oxidizing complex
(Klimov et al. 1982, 1985, 1990;
Allakhverdiev et al. 1983, 1989a).

Under Slava Klimov’s guidance, the con-
cept of water photooxidation through a
two-electron mechanism with the produc-
tion of peroxide as an intermediary product
was experimentally justified (Ananyev
et al. 1992; Klimov et al. 1993b). In addi-
tion, the role of bicarbonate as a significant
component for the formation and function-
ing of the WOC was revealed (Klimov et al.
1995a, b, 1997a, b; Wincencjusz et al.
1996; Allakhverdiev et al. 1997b;
Hulsebosch et al. 1998; Yruela et al. 1998).
Slava Klimov, together with others, put for-
ward and experimentally proved the
hypothesis regarding the crucial role of
Mn-bicarbonate complexes in the evolu-
tionary origin of oxygenic photosynthesis
(Klimov et al. 1995a, b; Dismukes et al.
2001). For discoveries on the unique role of
bicarbonate bound to non-heme-iron
involved in electron transport (between the
platoquinone electron acceptors Q, and
Qp) and plastoquinone protonation, see
Shevela et al. (2012).

Furthermore, Slava was involved in the
discovery of a new class of photosynthesis
inhibitors (see Allakhverdiev et al. 1989b,
1997a; Klimov et al. 1992, 1993a, 1995c¢, for
details). In contrast to the known inhibitors,
the action of this class of chemicals was
shown to be based on the formation of a
short electron cycle around the PS II reaction
center. Being a powerful tool for the investi-
gation of charge separation and recombina-
tion in PS II, such inhibitors can also be
considered as potential eco-friendly herbi-
cides since they inhibit reactions specific to
plants (but not animals). In the laboratory
headed by Slava Klimov, PS II associated
carbonic anhydrase, important for both WOC
functioning and stability, was also revealed
(Villarejo et al. 2002; Shutova et al. 2008;
Shitov et al. 2009, 2011; Karacan et al. 2012,
2014, 2016; also see Rodionova et al. 2017).
Furthermore, upon the removal of a
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Mn-cluster from the WOC, an increase in
photoinhibition was described by Klimov
et al. (1990).

On the chlorophyll (Chl) a fluorescence
front, a new hypothesis for the origin of PS II
variable Chl a fluorescence, as a recombina-
tion luminescence, was put forward (Klimov
et al. 1978; Allakhverdiev et al. 1994a), and
the redox potential values of the PS II pri-
mary electron donors and acceptors were
first determined in his lab (Klimov et al.
1979a, b; Allakhverdiev et al. 2010, 2011).
Slava Klimov had collaborations at many
universities and research centers in the
Netherlands, USA, United Kingdom,
Canada, Japan, Sweden, and Spain. His col-
leagues and friends remember him as a kind-
hearted, cheerful person, a wise leader, and
trusted comrade ready to help in any situa-
tion. We note that he had worked with a large
number of scientists including Robert
Carpentier (Canada), Norio Murata (Japan),
James Barber (UK), Charles Dismukes
(USA), Bacon Ke (USA), Goéran Samuelsson
(Sweden), Hans van Gorkom (the
Netherlands), Arnold Hoff (the Netherlands),
Gernot Renger (Germany), Rafael Picorel
(Spain).

Reminiscences

Jian-Ren Shen

It was really a sad news to hear that Prof.
Slava Klimov passed away suddenly in May
2017. I met and talked with him many times
at international conferences, and knew his
great work along with his colleagues on the
discovery of pheophytin in PS II, when I was
a graduate student. I followed his numerous
studies on the structure and function of PS II
since then. He was a great person, and I have
a wonderful memory of meeting him when I
was in Pushchino to attend the
“Photosynthesis Research for Sustainability”
conference in 2014. His passing away is a
great loss to the photosynthesis community,
and [ will miss him very much.
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Suleyman I. Allakhverdiev

It is obvious that the contribution of the labo-
ratory headed by Slava Klimov had a great
impact on the investigation of photosynthetic
water oxidation and the mechanism of light
energy conversion. Among Slava Klimov’s
students, there were 18 Candidates of
Science (PhD) and 2 Doctors of Science (Dr.
Sci.), and I (SIA) was his first PhD student;
Slava was not only my teacher, but a good
friend. On October 2, 1977, I came from
Baku (Azerbaijan) to Pushchino (Moscow
Region, USSR) for my PhD thesis, and I
joined the same group led by A.A. Krasnovsky
and Vladimir A. Shuvalov. I worked on the
investigation of pheophytin in photosyn-
thetic reaction centers (RCs) under Slava
Klimov and academician A.A. Krasnovsky
as my supervisors. At that time two papers
on pheophytin were published (Klevanik
et al. 1977; Klimov et al. 1977). But this
work was criticized by other researchers,
who stated that it was an artifact. These were
really very exciting times! Together, we tried
to show that the participation of pheophytin
in reaction centers of PS II is not an artifact.
At that time, we published several papers in
Russian (see Klimov et al. 1978, 1979a, b,
1980a), and then Slava visited Bacon Ke’s
lab in the USA (see Klimov et al. 1980b, c)
where he performed additional experiments.
The experimental evidence for pheophytin
participation, and the energetics and kinetics
of electron transport in PS II in the presence
of pheophytin, was summarized in my PhD
thesis. In 1984, I defended my thesis (in
Physics and Mathematics [specialties-Bio-
physics]): “Photoreduction of Pheophytin in
Reaction Centers of Photosystem II in
Higher Plants and Algae” at the Institute of
Biophysics, USSR Academy of Sciences,
Pushchino, Moscow region, Russia. Then, in
2002, I obtained my Doctor of Science (high-
est/top degree in science) in Plant Physiology
and Photobiochemistry from the Institute of
Plant Physiology, RAS, Moscow, on
“Functional Organization and Inactivation of
Photosystem I1.”

A Tribute to Vyacheslav (Slava) Vasilyevich Klimov (1945-2017)

During 1977-1986, together with Slava
Klimov, Sasha Klevanik, Vlad Shuvalov, and
Professor Likhtenshtein’s group (at the
branch of the Institute of Chemical Physics
of the USSR Academy of Sciences in
Chernogolovka, Moscow Region), we deter-
mined the number of manganese (Mn) atoms
acting in the WOC of PS II. It had been
shown that the WOC on the PS II donor side
contains four atoms of Mn. Reconstitution of
the Mn-cluster after a complete removal of
Mn from PS II preparations had been shown
using Mn(Il) as well as various artificial
Mn-organic complexes (binuclear and/or tet-
ranuclear). We studied the magnetic interac-
tion of Mn with pheophytin and P680, and
evaluated the distance between the main
components of PS II. The immersion depths
of the main components of PS II reaction
center in thylakoid membranes were also
analyzed (Klimov et al. 1982, 1985, 1990;
Allakhverdiev et al. 1983, 1986, 1989a, b,
1994b; Kulikov et al. 1983).

The effect of enhancement of PS II photo-
inhibition, upon the removal of Mn-cluster
from the WOC, had been described by
Klimov et al. (1990). In our joint work with
Ivan Setlik’s group in Ttebon, we showed
that under anaerobic and reducing condi-
tions, photoinhibition occurs on the acceptor
side of PS II at the level of Q, and Qg ,
whereas under aerobic conditions, it occurs
on the acceptor and/or donor side of PS II; at
the same time, separation and stabilization of
charges in PS II RC remain unchanged
(Allakhverdiev et al. 1987, 1993; Klimov
et al. 1990; Setlik et al. 1990).

From 1988 to 1995, together with Slava
Klimov, we spent more time on the bicar-
bonate effect on the electron donor side of
PS II. Previously bicarbonate has been con-
sidered only as an important component for
electron transfer between the plastoquinone
electron acceptors, Q, and Qg; however, we
found that while bound to the nonheme Fe
(Shevela et al. 2012), removal of bicarbon-
ate affects the PS II donor side reactions
(see Klimov et al. 1995a, b, 1997a, b).
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Bicarbonate availability for the PS II donor
side is especially significant for reactivation
of the Mn-containing WOC after its removal
by different treatments. It was suggested
that bicarbonate may serve as a ligand to
Mn, convert the aqua-ions of Mn (nonoxi-
dized by PS II) into an easily oxidizable
form Mn(HCOs), or act as a structural com-
ponent important for the formation of a
functionally active Mn cluster, or function
in proton transfer (from water to the lumen).
We didn’t risk publishing our results until
1995, and then investigations in the
Netherlands (in the research groups of
Arnold Hoff and Hans van Gorkom), in
Spain (in the research group of Rafael
Picorel), and in Sweden (in the research
group of Goéran Samuelsson) contributed to
the shaping of our studies (see Klimov et al.
1995a, b, 1997a, b; 2003; Wincencjusz
et al. 1996; Allakhverdiev et al. 1997a;
Hulsebosch et al. 1998; Yruela et al. 1998;
Shutova et al. 2008).

Once again, I would like to emphasize
that, for me, Slava was a teacher, a senior
colleague, but also a good friend, serving as
an adviser in both science and life in general.
It is true to say that he was my very close
friend and a dear teacher. I very much miss
Slava Klimov for his stimulating attitude.

Slava Klimov was a brilliant scientist. We
are particularly impressed with his, and his
colleague’s discovery of “pheophytin” and
fundamental works about the functioning of
PS 11, including functioning of four atoms of
Mn and the role of bicarbonate on the elec-
tron donor side of PS II. He was a wonderful
human being and his whole life was devoted
to science.
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