James Barber

“Achievements in science” with refs

James Barber is distinguished by his many contributions to photosynthesis research and particularly by
his determination of the first complete atomic structure of the photosynthetic oxygen evolving machinery,
an enormous advance in biology. The details of photosynthesis that he revealed not only represent a giant
leap forward in our understanding of the biological energy cycle, but provides a molecular framework for
the design of novel photo-chemically based green technologies capable of extracting chemical energy
from solar radiation. His work therefore is a great intellectual achievement representing a major milestone
in biology with implications for addressing the problem of energy/carbon dioxide/global climate change.

The oxygen evolving machinery of photosynthesis is located in a multisubunit membrane protein
complex, known as photosystem Il (PSII) found in plants, algae and cyanobacteria. The oxygen is generated by
the light driven splitting of water which also provides ‘hydrogen’ in the form of reducing equivalents ultimately
required for converting carbon dioxide to the organic molecules of life. All oxygen in the earth’s atmosphere is
derived from this reaction and therefore revealing the details of the catalytic centre where the water splitting
reaction occurs had long been the “holy grail’ of photosynthesis research.

Barber’s achievement, detailed in publications (1-5), is the culmination of many years of brilliant
research. Initially he chose electron microscopy as a means to study the structure of well-defined biochemical
preparations of PSII with varying numbers of protein subunits, for which he had developed several novel
isolation procedures. At that time there was very little direct information on the structure of PSIl. He adopted
two strategies: (i) grow ordered 2D crystals for analysis by electron crystallography to obtain the highest
possible resolution(6-11) and (ii) conduct single particle analyses on large supermolecular complexes (12-16) to
give a framework for incorporation of higher resolution data to gain an understanding of how the light-
harvesting antennae systems are structurally coupled to the reaction centre core. On both counts he was very
successful and quickly became a world leader. However, the structures obtained were at intermediate
resolutions and it was not possible to trace amino acid side chains and obtain critical information about the
catalytic site of water splitting. In order to obtain this information, Barber turned to growing 3D crystals of PSII
isolated from cyanobacteria and obtained a high resolution X-ray structure revealing details of PSII hitherto

unknown (1-5) . The structure was refined at 3.5 A and virtually all side chains were traced for the 19 different



subunits that make up the monomeric PSII complex. Consequently not only were all the subunits assigned but
also the structural detail of the protein environment of the cofactors revealed for the first time. In particular the
work suggests that the catalytic centre for the water splitting reaction is composed of a cubane-like Mn;Ca?*O,-
cluster linked to a fourth Mn by a mono-oxo-bridge. Therefore for the first time a structural basis for elucidating
the chemistry of the water splitting reaction had been provided. Indeed, the organization of the metal ions and
the properties of the protein cavity in which they are contained, suggests a mechanism for the O-O bond
formation. As emphasized by Barber in his publications, it seems highly likely that water splitting involves
oxidation chemistry occurring on the Mn ion outside the cubane which is adjacent to the Ca?*. Here a highly
electrophilic oxo or oxyl radical could be formed at the final stage of the catalytic cycle which would then be
poised for nucleophilic attack from the oxygen of the second substrate water located within the coordination
sphere of the Ca®".

Many other important details of PSII have also been revealed by the crystal structure and Barber has
undertaken a definitive analyses of these since its publication. For example: the structure of the PsbO protein
(17), a novel subunit which stabilizes the functional state of the water splitting centre; the properties and
implications of the chlorophyll molecules bound within the complex (18); the structural details of channels
which facilitate the transfer of products (oxygen, protons and electrons) and reactants (water) from the water
splitting site (19,20). He has also been able to grow and conduct analyses of crystals where the Ca** in the
catalytic centre has been replaced by Sr** in order to take advantage of the X-ray absorption properties of Sr**
and to investigate further the alkali metal binding site in the catalytic centre (21), work that has confirmed the
original assignment. Following on from this , Barber had yet another “first” which involved in vitro and in vivo
incorporation of bromide ions into the water splitting site in order to use X-ray crystallography to determine the
halide binding sites (chloride is known to be required for the efficiency of the water splitting reaction) (22).
These recent structural studies have played a pivotal role in further refinement of the molecular details of the
catalytic site as emphasized in his latest papers ( eg 23,24). Recently a Japanese research group improved the
resolution of the cyanobacterial PSII structure to 1.9 A resolution (25) confirming and refining the assignments
made in Barber’s structure, including the cubic nature of the Mn,Ca* -cluster. Moreover the detection of water
molecules in the vicinity of the catalytic site are consistent with postulates presented by Barber and colleagues

in their 2004 Science paper.



Barber’s determination of the first complete atomic structure of PSII and his follow up studies casts a
bright light on his parallel, pioneering work on the isolation and structural analyses of large PSII
supercomplexes from higher plants and green algae. In many of these structures, common throughout the world,
the light harvesting antenna proteins remain attached to the reaction center core (10,12,14,16). The electron
microscopy conducted on these supercomplexes has led to the discovery of novel types of light harvesting
systems (26-33) that are of global and environmental significance. He continues with the challenge of obtaining
improved structural information of higher plant PSII supercomplexes as emphasised in his most recent
publication directed at this challenge (34)

It is hard to understate the importance of Barber’s contributions. His work sits comfortably in the
pantheon of the greatest advances in biology. The structural chemistry of photosynthesis that he has revealed
and described will have impact for future generations. In particular it is providing both inspiration and
momentum towards the development of new technologies able to exploit the enormous amounts of solar energy
available (on a global basis, about one hour of sunlight equals the total energy used by mankind in a year) while
at the same time provide the foundations of efforts to address the environmental and political problems
associated with the release of carbon dioxide and other greenhouse gases derived from oxidation of fossil fuel.
This has been emphasised in several of his recent commentaries (35-37) and via humerous key note lectures at
international gatherings. The impact is already leading to the development of new and exciting photochemical
and electrochemical catalysts which split water making hydrogen available as an energy source as emphasised
by the recent work of Nocera at MIT (38,39) and by Barber’s own work. Through visiting professorships he
has established the Solar Fuels Laboratory within the School of Material Sciences at Nanyang Technological
University (NTU) Singapore and the Biosolar Laboratory within the Applied Science and Technology
Department at the Politecnico di Torino. In this way he is collaborating with chemists, electrochemists and
material scientists to develop artificial photosynthesis technology for solar fuel production. The impact of his
own work is already leading to the development of new and exciting photochemical and electrochemical
catalysts which split water making hydrogen available as an energy source. During 2012 alone he, together with
colleagues, published 14 papers/reviews in this area. One study reports the discovery of a novel Cu-Mo bimetal
sulphide catalyst for efficient hydrogen production (39,40) while another described haematite nanorods showing
remarkable water splitting activity (41). His successes call on his interdisciplinary approach; merging principles

of biology, chemistry and material sciences.
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