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A huge energy crisis is before us, and, in my opinion, the field of photosyn-
thesis is being borne again; we are indeed seeing its reincarnation in what we
may call “sustainability.” Those who would solve the energy crisis need all
the information on different parts of the process of photosynthesis. They
would want to know how to replicate it, how to mimic it, how to modify it,
and how to exploit it to our benefit using all sorts of tools from various
disciplines of science: biology, physics, chemistry, mathematics (for
modeling), and engineering. This book Photosynthesis: Structures,
Mechanisms, and Applications, edited by four international authorities,
Harvey Hou (USA), Mahdi Najafpour (Iran), Gary Moore (USA), and
Suleyman Allakhverdiev (Russia), is one of the first books in that direction.
Harvey Hou is a leading scientist and pioneer in assessing the thermody-
namic parameters of photosynthesis and in developing manganese/semicon-
ductor catalysts for artificial photosynthesis. Mahdi Najafpour is an active
and successful expert in exploring transition-metal compounds as water-
oxidizing catalysts. Gary Moore is a prominent specialist in artificial photo-
synthesis and solar-to-fuel technology. Suleyman Allakhverdiev is an
established world leader in the field of photosystem II and artificial photo-
synthesis. This book appears at a particularly appropriate time with a bal-
anced combination of topics related to both basic and applied aspects of
photosynthesis (see the Preface and the Table of Contents). It is in the right
direction toward the goal of finding a solution to the energy crisis facing us
all—because of growing world population and climate change. The book
deals not only with possible ways and means to understand and improve
natural photosynthesis, but it also includes possibilities around the corner
(maybe by 2050) for what some of us call “artificial photosynthesis.” For
several highly innovative ideas being discussed where photosynthesis plays
an important role, I refer the readers to a paper by Donald R. Ort (with 24 top
international authorities): Redesigning photosynthesis to sustainably meet
global food and bioenergy demand, Proceedings of the National Academy
of Science USA 112 (28): 8529-8536. I strongly recommend this highly
informative and innovative book to all the major libraries in the world as
well as to all researchers engaged in solving problems related to bioenergy.

I end my remarks by citing the hope Jules Verne (1875) gave us—we
should, of course, modify it after reading this remarkable book,
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Photosynthesis: Structures, Mechanisms, and Applications: 1 believe that
one day water will one day be used as a fuel because the hydrogen and
oxygen which constitute it, used separately or together, will furnish an
inexhaustible source of heat and light. I therefore believe that, when coal
(oil) deposits are oxidized, we will heat ourselves by means of water. Water
is the fuel of the future.” I am an optimist and have faith in the next
generation of scientists to solve the problems of global warming and of
both food and energy facing us today. For background on all aspects of
photosynthesis, I refer the readers to now 42 volumes in the Springer series
Advances in Photosynthesis and Respiration Including Bioenergy and
Related Processes (see http://www.springer.com/series/5599).

University of Illinois at Urbana-Champaign Govindjee
Urbana, IL, USA
URL: http://www_life.illinois.edu/govindjee/

Foreword
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Photosynthesis powers our biosphere and offers an intellectual challenge to
deepen our understanding of this globally important process. It is an
inherently interdisciplinary field of research, involving times that span
from geologic to sub-femtosecond scale. The process occurs in plants,
algae, and cyanobacteria and has evolved over 3 billion years. Photosynthesis
currently produces more than 100 billion tons of dry biomass annually,
equating to a global energy storage rate of ~100 TW. However, addressing
the environmental, socioeconomic, and geopolitical issues, associated with
increasing global human energy consumption, will require the identification
and development of new technologies capable of using renewable carbon-
free or carbon-neutral energy sources. Among the renewable sources, solar is
indeed quite promising as it alone is sufficient to meet global human energy
demands well into the foreseeable future. In this context, photosynthesis
inspires us to transform our current technological energy infrastructure to
one that utilizes sunlight for the direct production of fuels and other industri-
ally important chemicals.

Recent advances in understanding the detailed structures of photosyn-
thetic systems have set the stage for dynamic functional studies. Likewise,
sophisticated spectroscopic techniques have revealed important mecha-
nistic details. In this book, we provide examples of such important
advances and progress. The book contains chapters written by experts
and leaders in their respective fields, representing an international collab-
orative effort including 52 leading experts and scientists in photosynthesis
research from 27 laboratories in 13 countries including Bulgaria, Canada,
China, Germany, India, Iran, Japan, New Zealand, Russia, Slovakia,
Sweden, the UK, and the USA. We envision this book to serve as a
resource for both young and established researchers as well as students
in colleges and universities at the graduate as well as advanced under-
graduate level.

Several new topics on photosynthesis are covered in this book; these
include structural and mechanistic information on biological photosynthetic
systems and on human engineered constructs that are inspired by their
biological counterparts. The notion that biology can inspire technology is
an embedded theme, and the chapters are organized in terms of the temporal
sequence of events occurring in the process of photosynthesis. For example,
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chapters on the topic of light harvesting are followed by those on charge
separation at the reaction centers, followed by charge stabilization and then
chemical reactions and protection mechanisms. The book concludes with
more specialized topics including artificial photosynthetic constructs and
their potential applications in future technologies.

The opening chapter, by Mohammad Mahdi Najafpour, Harvey J. M.
Hou, and Suleyman I. Allakhverdiev, provides an introduction and over-
view of natural and artificial photosynthesis. Chapter 2, by Pu Qian, and
Chap. 3, by Erica Belgio and Alexander V. Ruban, evaluate the structure
and function of native and recombinant light-harvesting systems from
purple photosynthetic bacteria and higher plants. The next three Chaps.
(4, 5, 6 and 7) focus on the charge transfer mechanisms of photosystem II
and the oxygen-evolution complex: Chap. 4 is by Jessica Wiwczar and
Gary W. Brudvig; Chap. 5 by Alice Haddy, Vonda Sheppard, Rachelle
Johnson, and Eugene Chen; and Chap. 6 by Mahir D. Mamedov and
Alexey Yu. Semenov. The structure, function, and organization of photo-
system I are reviewed and discussed in Chap. 7 by Wu Xu and Yingchun
Wang. The following seven Chaps. (8, 9, 10, 11, 12, 13 and 14) deal with
the regulation and protection mechanisms of photosynthesis under diverse
environmental conditions: Chap. 8 is by Seiji Akimoto and Makio Yokono;
Chap. 9 by Leonid V. Kurepin, Alexander G. Ivanov, Mohammad Zaman,
Richard P. Pharis, Vaughan Hurry, and Norman P.A. Hiiner; Chap. 10 by
Marek Zivcak, Katarina Olsovska, and Marian Brestic; Chap. 11 by
Anjana Jajoo; Chap. 12 by Krishna Nath, James P. O’Donnell, and Yan
Lu; Chap. 13 by Beth Szyszka, Alexander G. Ivanov, and Norman
P.A. Hiiner; and Chap. 14 by Amarendra N. Misra, Ranjeet Singh,
Meena Misra, Radka Vladkova, Anelia Dobrikova, and Emilia
L. Apostolova. Several stimulating new approaches on the topic of artifi-
cial photosynthesis are presented in the next five Chaps. (15, 16, 17, 18 and
19): Chap. 15 is by Mohammad Mahdi Najafpour, Saeideh Salimi,
Matgorzata Hotynska, Fahime Rahimi, Mojtaba Tavahodi, Tatsuya
Tomo, and Suleyman I. Allakhverdiev; Chap. 16 by Mohammad Mahdi
Najafpour, Seyed Esmael Balaghi, Moayad Hossaini Sadr, Behzad Soltani,
Davood Jafarian Sedigh, and Suleyman I. Allakhverdiev; Chap. 17 by
Harvey J.M. Hou; Chap. 18 by Art Van Der Est and Prashanth
K. Poddutoori; and Chap. 19 by Babak Pashaei and Hashem Shahroosvand.
The final chapter, Chap. 20, by Gary F. Moore, offers concluding remarks
and a forward-looking perspective regarding research in natural as well as
artificial photosynthesis.

We acknowledge all the authors for their contributions that have made this
book possible. The book chapters were reviewed by Seiji Akimoto, Erica
Belgio, Marian Brestic, Gary Brudvig, Alice Haddy, Anjana Jajoo, Leonid
Kurepin, Krishna Nath, Pu Qian, Art Van Der Est, and Wu Xu. The complete
book was reviewed by the four editors and revised by the authors. We are
deeply thankful to Govindjee for his valuable advice and continued support.
We are very grateful to André Tournois, Jacco Flipsen, and Mariska van der
Stigchel of Springer for their help during the production of this book. Finally,
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Summary

Photosynthesis is of the most important
reactions on Earth and it is a scientific field
that is intrinsically interdisciplinary. This
chapter provides a brief discussion on the
importance of photosynthesis and potential
future applications of photosynthesis as a
blueprint for artificial photosynthetic systems.
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1.1 Introduction

Nature uses unique and powerful strategies to
capture the solar energy in an amazing process:
Photosynthesis (from Greek, photo: light and
synthesis: putting together). The phenomenon is
the most important photobiological reaction on
our planet and occurs in plants, algae and
cyanobacteria. All creatures need energy to
their life. Phototrophy is a process used by
organisms to trap photons and store energy as
chemical energy in the form of adenosine triphos
phate (ATP), which transports energy within
cells (Fenchel et al. 2012). There are three types
of phototrophy: anoxygenic photosynthesis,
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oxygenic photosynthesis, and rhodopsin-based
phototrophy (Fenchel et al. 2012). Photosynthe-
sis usually converts carbon dioxide into different
organic compounds using solar energy.
Although, some anoxygenic photosynthetic
organisms such as heliobacteria can’t fix carbon
photoautotrophically.

In anoxygenic photosynthesis used by green
bacteria, phototrophic purple bacteria, and
heliobacteria, light energy is captured and stored
as ATP, without the production of oxygen
(Bryant and Frigaard 2006; Blankenship et al.
1995; Feiler and Hauska 1995). This means
water is not used as the primary electron donor.
Such organisms use a single photosystem, which
restricts them to cyclic electron flow only, and
they are therefore unable to produce O, from the
oxidization of H,O. Anoxygenic phototrophs
have photosynthetic pigments called bacterio-
chlorophylls. Bacteriochlorophyll a and b have
maxima wavelength absorption at 775 nm and
790 nm, respectively.

In contrast, oxygenic photosynthesis in
plants, algae and cyanobacteria results not only
in the fixation of carbon dioxide (CO,) from the
atmosphere, but also release of molecular oxy-
gen to the atmosphere (Blankenship 2013; Allen
et al. 2011). The name of cyanobacteria is based
on the bluish pigment phycocyanin, which is
used to harvest light for photosynthesis in
these cells. Plants, algae and cyanobacteria not
only capture approximately 3000 EJ and pro-
duce more than 100 billion tons of dry biomass
annually (Blankenship et al. 1995), but also
they form oxygen, which is necessary for
many organisms. The transition from
anoxygenic to oxygenic photosynthesis in the
eubacterial lineage was an important innovation
in evolution and the vast majority of the scien-
tific community is in agreement regarding the
correlation between this event and the begin-
ning of oxygen accumulation on Earth (Canfield
2005). The evidence from chemical markers
(Kazmierczak and Altermann 2002; Summons
et al. 1999), stromatolite fossils (Olson and
Blankenship 2004), and microfossils (Schopf
1975) attest that cyanobacteria arose before
2.5 billion years ago (Konhauser et al. 2011;
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Gould et al. 2008). Before cyanobacteria, the
atmosphere had much more carbon dioxide
and organisms used hydrogen or hydrogen sul-
fide as sources of electron (Olson 2006), but the
new oxygen-rich atmosphere was a revolution
for complex life.

1.2  Organization and Function of

Photosynthetic Nanomachines

In plants and algae, photosynthesis takes place in
chloroplasts. Each plant cell contains about
10-100 chloroplasts (Fig. 1.1). The chloroplasts
in modern plants are the descendants of these
ancient symbiotic cyanobacteri (Gould et al.
2008). Chloroplast is one of three types of
plastids, indicated by its high concentration of
chlorophyll (Fig. 1.1a) (McFadden 2001). The
plastids in plant cells are highly dynamics
structures and divide during reproduction. Their
behavior is strongly influenced and regulated by
environmental factors like light color and inten-
sity. They are composed of two inner and outer
phospholipid membrane and an intermembrane
space between them. Within the membrane is an
aqueous fluid called the stroma, which contains
stacks (grana) of thylakoids (Fig. 1.1b). The
thylakoids are flattened disks, bounded by a
membrane with a lumen or thylakoid space
within it. The thylakoid membrane forms the
photosystems (Fig. 1.1b, c, d). On the other
hand, Cyanobacteria have an internal system of
thylakoid membranes where the outer mem-
brane, plasma membrane, and thylakoid
membranes each have specialized roles in the
cyanobacterial cell (McFadden 2001).

The process of photosynthesis starts with the
absorption of light by pigments (Fig. 1.2) located
in PSII (Blankenship 2013). Then, the energy is
transferred to the reaction center, which are spe-
cial chlorophyll (Pggo"). Energy transfer between
the antenna pigments transports the excitation to
the reaction center and is an important part of the
photosynthetic process. Excitons trapped by a
reaction center provide the energy for the pri-
mary photochemical reactions and causes the
oxidation of its adjacent tyrosine (Yz) and
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Fig. 1.1 Structures of a typical higher-plant chloroplast
(a), thylakoid (b), thylakoids inside a cyanobacterium
(¢), and major protein complexes in a chloroplast (d).
PSII; cytochrome b6f (Cyt b6f); PSI; ATP synthase; and
Rubisco. Subunits are given single-letter names, omitting
the three-letter prefix that denotes the complex of which
each forms part. These prefixes are: psa for PSI; psb for
PSII; pet (photosynthetic electron transport) for the

(lamellze or frets)
5 Granal thylakoids

7 Nucleoid
(DNA rings)
8 Ribosome

9 Plastoglobulus
10 Starch granule

Outer membrane
Cell wall
Cell membrane
Thylakoid ~{{ii}
membranes

Bacterial DNA
Carboxysome

ADP + Pi — ATP+H,0

ATP synthase (g

TRENDS in Plant Science

cytochrome b6f complex and secondary electron carriers;
atp for the ATP synthase; and rbc for Rubisco. Polypep-
tide subunits encoded in the chloroplast are coloured
green; polypeptide subunits encoded in the nucleus are
coloured yellow. Each major complex, such as PSI, PSII
or ATP synthase, can be considered as a nano machine
(see the scale in the image) (Reprinted with permission
from Allen et al. 2011. Copyright (2011) by Elsevier)
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Fig. 1.2 Chemical structures of chlorophylls (a) chlorophyll a; (b) chlorophyll b; (¢) chlorophyll c1; (d) chlorophyll
c2; (e) chlorophyll ¢3; (f) chlorophyll d; (g) chlorophyll f

afterwards, the Yz' is reduced to Yz by the
electron captured from the water oxidation com-
plex (WOC) or the oxygen-evolving complex
(OEC) (Ferreira et al. 2004; Umena et al. 2011).
Two photosystems are connected by a series of
intermediate carriers named plastoquinol, cyto-
chrome b6f, and plastocyanin. Electrons transfer

from Pggo via Pheo QA to QB to give
plastoquinol after two turnovers. Cytochrome
b6f acts as an electron carrier mediates electron
transfer between the two carriers plastoquinol
and plastocyanin. The electron due the Pgg, exci-
tation is carried to PSI to restore the function of
chlorophyll P;¢o. The light absorption and electron
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Fig. 1.3 Z-Scheme of electron transport in photosynthe-
sis. Abbreviations used are (from /eft to the right of the
diagram): Mn for a manganese complex containing 4 Mn
atoms, bound to Photosystem II (PSII) reaction center;
Tyr for a particular tyrosine in PSII; O2 for oxygen; H+
for protons; P680 for the reaction center chlorophyll (Chl)
in PSIL: it is the primary electron donor of PSII; Excited
(Chl) P680 for P680* that has the energy of the photon of
light; Pheo for pheophytin molecule (the primary electron
acceptor of PSII; it is like a chlorophyll a molecule where
magnesium (in its center) has been replaced by two “H”s);
QA for a plastoquinone molecule tightly bound to PSII;
QB for another plastoquinone molecule that is loosely
bound to PSII; FeS for Rieske Iron Sulfur protein;Cyt. f
for Cytochrome f; Cytb6 (L and H) for Cytochrome b6

transition in PSI lead to production of NADPH. In
the reactions, Ferredoxin and Ferredoxin NADP
oxido Reductase are intermediates. Overall, the
net reaction is electron transition resulting from
water oxidation in PSII to NADP" and formation
of NADPH form in PSI. These electrons are shut-
tled through an electron transport chain, the
so-called Z-scheme shown in Fig. 1.3.

The proton gradient across the chloroplast
membrane is used by ATP synthase for the con-
comitant synthesis of ATP. The chlorophyll mol-
ecule regains the lost electron from a water
molecule and oxidizes it to dioxygen (O,) by a
complicated mechanism:

Z-scheme diagram

From wwwmolecadn com
Deveioped in collaboration with

Profiesser Govinjee of U. of IlinoisUrbana

(of Low and High Energy); PC for copper protein plasto-
cyanin; P700 for the reaction center chlorophyll (Chl;
actually a dimer, i.e., two molecules together) of PSI; it
is the primary electron donor of PSI; Excited (Chl) P700
for P700* that has the energy of the photon of light; Ao
for a special chlorophyll a molecule (the primary electron
acceptor of PSI); Al for a phylloquinone (Vitamin K)
molecule; FX, FA, and FB are three separate Iron Sulfur
Centers; FD for ferredoxin; and FNR for Ferredoxin
NADP oxido Reductase (FNR). Three major protein
complexes are involved in running the “Z” scheme:
(1) PSIL; (2) Cytochrome bf complex (containing Cytb6;
FeS; and Cytf) and (3) PSI. The diagram does not show
where and how ATP is made (Images from Govindjee and
Wilbert Veit)

2H,0 + 2NADP" + 3ADP + 3P; + light
— 2NADPH + 2H" + 3ATP + O,
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Recently, the crystal structure of the PSIT WOC
at atomic resolution was determined (Umena
et al. 2011; Suga et al. 2015). In this structure,
one calcium and four manganese ions are bridged
by five oxygen atoms. The structure also
shows four water molecules, two of which are
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Fig. 1.4 The structure of
PSII WOC (Suga et al.
2015) (Reprinted with
permission from Suga et al.
2015. Copyright (2015) by
McMilan publications)

suggested as the substrates for water oxidation
(Fig. 1.4).

Joliot et al. (1969) showed that short flashes
produced an oscillating pattern in the oxygen
evolution and a maximum of water oxidation to
oxygen production occurred on every fourth
flash. Because water oxidation needs the removal
of four electrons, these patterns were very inter-
esting. Kok was the first scientist to propose an
explanation for the observed oscillation of the
oxygen evolution pattern (Kok et al. 1970).
Kok’s hypothesis was that in a cycle of water
oxidation, a succession of oxidizing equivalents
is stored on each separate and independent water
oxidizing complex, and when four oxidizing
equivalents have been accumulated oxygen is
spontaneously evolved (Kok et al. 1970). Each
oxidation state of the water-oxidizing complex is
known as an “S-state” and S, being the most
reduced state and S, the most oxidized state in
the catalytic cycle (Fig. 1.5) (Kok et al. 1970).
The S, state is dark-stable. The S4; — S transi-
tion is light independent and in this state oxygen
is evolved. Other S-state transitions are induced
by the photochemical oxidation by Pggo®
(Blankenship 2013).
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Light is also used to synthesize ATP and
NADPH in photosynthesis. Cyclic and
non-cyclic are two forms of the light-dependent
reaction. In the non-cyclic reaction, the photons
are captured in the light-harvesting antenna
complexes of PSII by different pigments
(Blankenship 2013). The NADPH and ATP is
used by the photosynthetic organisms to drive
the synthesis in the Calvin — Benson cycle in the
light-independent or dark reactions (Fig. 1.6) [22].

By the Calvin — Benson, the enzyme
RuBisCO captures CO, from the atmosphere
and in a process that requires the newly formed
NADPH, releases three-carbon sugars, which are
later combined to form sucrose and starch. The
overall equation for the light-independent
reactions in green plants is (Lundqvist and
Schneider 1991):

3CO,+9ATP + 6NADPH + 6H"
— C3HgOs-phosphate + 9ADP + 8P;
+6NADP"+3H,0

There is a Mg(Il) ion in the active site of
RuBisCO, which stabilizes formation of an
enediolate  carbanion equivalent that is
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Fig. 1.5 S-state cycle of photosynthetic water oxidation
(Kok cycle). Starting in the dark-stable S1 state, absorp-
tion of a photon and subsequent electron transfer leads to
oxidation of tyrosine YZ, which in turn removes an elec-
tron from the WOC advancing it from state Si to Si + 1.
The electron transfer steps are accompanied by charge-
compensating deprotonation steps. A plausible set of
oxidation-state combinations of the four Mn ions is

subsequently carboxylated by CO, (Lundqvist
and Schneider 1991).

1.4  Applications of Artificial

Photosynthetic Nanomechines

Our food, energy, environment and culture,
directly or indirectly, depend on the photosynthe-
sis. Because the solar energy absorbed by Earth is
huge, approximately 3,850,000 exajoules per
year, which is more energy in one hour than the
world used in one year!, recently, artificial photo-
synthesis has been used as a model for how a
sustainable supply of energy could be obtained.
The term artificial photosynthesis is a general
term (Najafpour et al. 2015; Tachibana et al.
2012; Nocera 2012). Recently, the phenomenon
have been a blueprint to obtain a sustainable fuel
for human as artificial photosynthesis, which is a
general term to cover all strategies to mimic the

shown for the various Si states. Models show the
optimized geometry, protonation pattern and Mn oxida-
tion states of the inorganic core. The cofactor exists in two
forms in the S2 state, an open cubane (S2A) and a closed
cubane (S2B) structure, which differ in their core connec-
tivity by the reorganization of O5 (Reprinted with permis-
sion from Cox et al. 2013. Copyright (2013) by the
American Chemical Society)

photosynthetic process especially to provide a
solar-based sustainable energy supply in the future
(Fig. 1.6) (Najafpour et al. 2015; Tachibana et al.
2012; Nocera 2012). In other words, photosynthe-
sis can provide paradigms for sustainable global
energy production and efficient energy transfor-
mation (Najafpour et al. 2015; Tachibana et al.
2012; Nocera 2012; Ort et al. 2015; Lin et al.
2014; Blankenship et al. 2011). As an excellent
example, artificial leaf, which is a machine that
can harness sunlight to split water into molecular
hydrogen and oxygen without needing any exter-
nal connection, is being developed (Nocera
2012). The artificial leaf (Fig. 1.6) may be com-
parable to real leaves, which converts the energy
of sunlight into chemical form, and represents
one of the most promising directions in solar
fuel and food production. In addition, several
inspiring cases using different approaches in arti-
ficial photosynthesis are presented and discussed
in Chaps. 15, 16, 17, 18, 19 and 20 in this book.
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Fig. 1.6 An artificial photosynthetic system: single-step
reactions (a), and two-step (Z-scheme) reactions (b). P:
chromophore of a single-step reaction system; P*: excited
state of P; P1: the first chromophore of a two-step reaction
system; P1*: excited state of P1; P2: second chromophore
of a two-step reaction system; P2*: excited state of P2
(Adapted with permission from ref. 24. Copyright (2013)
by McMillan publications. Construction of an artificial
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Summary

Reaction centre-light harvesting 1 core complex
is a fundamental unit in photosynthetic bacte-
rium. It is the place where light energy is col-
lected and used to power photosynthetic redox
reaction, leading to the synthesis of ATP ulti-
mately. The reaction centre is surrounded by
elliptical LH1 complex. The subunit of the
LH1 ring is a heterodimer of a-, B-polypeptide
pair, to which pigment molecules, BChl a or
BChl b and carotenoid are non-covalently
bonded. There are at least three different types
of the RC-LHI1 core complexes found in photo-
synthetic bacteria so far. The core complex from
Rps. palustris is a monomer. Its LH1 ring

Monomeric RC-LH1 from Tch. tepidum has a
complete elliptical LH1 ring that is composed
of 16 pair o/p-apoprotein pairs without pufX-
like protein. Sixteen Ca** are coordinated on
C-terminal region of the o/p-polypeptide to sta-
bilize the core complex and cause BChl a Qy
absorption redshift to 915 nm. Carotenoid,
spirilloxthanin contacts with o/f-apoproteins
intimately to form an inter subunit interaction
within the core complex, providing a further
stability of the complex.
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2.1 Introduction

Purple photosynthetic bacteria refer to a unique
group of microorganism that use sun light as their
energy source. The light energy is absorbed by
pigment molecules, such as bacteriochlorophyll
(BChl) and carotenoids (Car), which are
non-covalently bound to so-called light
harvesting complexes. In general, there are two
major classes of light harvesting complex in the
purple photosynthetic bacteria, light harvesting
complex 1 (LHI1) and light harvesting complex
2 (LH2). The LH2, sometime called peripheral
antenna complex, is composed of oligomer of
two short polypeptides (a and ) with associated
pigments, Car and BChl a or BChl b. The
o/p-polypeptide pair, therefore, is a building
block of this cylinder-like complex (Koepke
et al. 1996; McDermott et al. 1995). The building
block of the LH1 is constructed similar as molec-
ular architecture as that in the LH2 complexes.
The LH1 complex is always intimately interacted
with the reaction centre (RC) in a fixed stoichi-
ometry. The term of core complex usually refers
to the combination of the RC and the light
harvesting complex 1 in the purple photosyn-
thetic bacteria. A short name, such as RC-LH1
or RC-LH1-PufX is often used in literatures. As
its name implies that the photosynthetic core
complex or RC-LH1 is the central part of bacte-
rial photosynthesis. This chapter will focus on
the recent development on structural determina-
tion of the RC-LH1 core complexes from the
purple photosynthetic bacteria by starting with
basic background of bacterial photosynthesis
and building blocks of the core complex. For
the readers who are interesting in general works
on the purple photosynthetic bacteria, two recent
books edited by Blankenship, R. E. and Hunter,
C. N. provide more detailed and comprehensive
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information on the bacterial photosynthesis.
(Blankenship 2014; Hunter et al. 2009).

2.2  The Purple Photosynthetic

Bacteria

The purple photosynthetic bacteria, much like
the name suggested, are a group of dark coloured
bacteria, with different morphologies such as
rod, spirilla, cocci or vibrios, which can convert
light energy to chemical energy to maintain their
metabolism. The pigment molecules that are
involved in the light absorption are usually
BChl a or BChl b and carotenoids. It is these
pigments that give the purple bacteria such gor-
geous colours, from purple, red to green,
depending on the amount and type of different
carotenoids in an individual purple bacterium.

The purple photosynthetic bacteria can be
divided into two groups, i.e., purple non-sulphur
bacteria and purple sulphur bacteria according to
their tolerance and utilization of sulphide (Imhoff
et al. 1984). The purple sulphur bacteria use sul-
phur or sulphide, such as hydrogen sulphide H,S as
an electron donor for carbon dioxide reduction in
its respiration, while the purple non-sulphur bacte-
ria use organic electron-donor, such as succinate or
malate instead. Usually, sulphide is toxic for the
purple non-sulphur bacteria although the most spe-
cies of the purple non-sulphur bacteria can still
grow at low level of sulphide (<0.5 mM). Differ-
ent from higher plant or cyanobacteria photosyn-
thesis, photosynthesis in the purple bacteria does
not give off oxygen, and it only occurs under
anoxic conditions, which is called as anoxygenic
photosynthesis. Therefore, an environment having
abundance of oxygen hinders their photosynthetic
growing. That is why they are typically found in
hot sulphuric spring (for purple sulphur bacteria
especially) or stagnant water.

The purple non-sulphur bacteria, such as
Rhodobacter (Rba.) sphaeroides, Rhodopseu
domonas (Rps.) palustris, Blastochloris (Blc.)
virids can grow photoheterotrophically or even
photoautotrophically and chemoheterotrophs in
darkness as well. It is therefore relatively easy to
grow them in laboratory conditions. Having such



