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The background
This paper relates to a fundamentally important problem faced by plants – how to use sunlight in photosynthesis without being damaged when the sun is too bright.  Photosynthesis relies upon the efficient collection of sunlight by light harvesting systems (sometimes called light harvesting antenna for obvious reasons), which comprise specialised proteins in the plant cell membranes that bind the green chlorophyll pigments, to form complexes. Having these light harvesting complexes enables photosynthesis to work even at low sunlight intensities (due to shading, cloud cover, solar angle etc).  However the downside of this is that when the sun is very bright and/or when other environmental factors are suboptimal (ie when it is cold or very dry) the level of light energy absorbed by leaves is in excess of that which can be used in photosynthesis.  In such a case there is a tendency for light to destroy the plant – just as we know anything coloured will fade in bright light, so the light harvesting pigments, and the other essential ingredient of photosynthesis will be degraded in excess sunlight. This light-dependent damage arises because of oxygen radicals generated by excess unwanted energy. Not surprisingly, plants have a range of mechanisms for dealing with this problem. The paper concerns one of these, the way in which the excess light energy is converted to heat, which can be harmlessly dispersed, therefore offsetting the tendency for photodamage. This protective mechanism represents an optimisation, between efficient use of light energy for photosynthesis and the avoidance of its damaging effects: under conditions of excess sunlight the normally highly efficient light-harvesting antenna is reversibly switched into a photoprotected (quenched) state in which potentially harmful absorbed energy is dissipated as heat. 
The discovery
In previous work from this group of scientists it had been shown how one of the light harvesting proteins known as LHCII has an inbuilt capability to exist in these two states – efficient energy storage or efficient energy dissipation.  This property was shown in “the test tube” using proteins extracted and purified from plants. An advanced method called Resonance Raman spectroscopy was used to study the difference between these two states, and a spectroscopic “fingerprint” of each state was discovered.  In the new paper this method was used to analyse whole plant leaves and these same “fingerprints” were found when leaves are exposed to either low light intensity or excess light intensity, proving that these two states exist, not just in the test tube, but in real life.  It was shown how the amplitude of this fingerprint correlated with the extent of the photoprotective quenching, by using various mutants of the model plant Arabidopsis thaliana. Technically this is an amazing feat in itself – rather like finding a needle in a haystack. With the knowledge that the isolated protein behaved the same in the test tube as in a leaf, another method developed by physicists was applied (called femtosecond transient absorption spectroscopy) to study the isolated LHCII protein. This method allows very fast reactions to be studied – by fast we are referring to events happening within a picosecond (10 -12 seconds!). Despite the fact that the events are so fast and the signals being measured are vanishingly small, it was possible to completely define the pathway from the moment of light absorption by chlorophyll, to transfer of the energy to another pigment, a carotenoid called lutein, and then to dissipation as heat. Thus for the first time a detailed molecular mechanism for photoprotective energy dissipation was discovered. An important feature of this work is its interdisciplinearity – applying advanced methods of physics to an important problem in plant biology that uses expertise in plant physiology, biochemistry and genetics. The skills of five laboratories in three countries were brought together to achieve this goal, the research being funded by both national research agencies and by the EU.
The relevance

It is known that many plant species successfully inhabit extreme environments where there is little water, strong sunlight, low fertility and extremes of temperature by having highly tuned photoprotective processes.  Indeed crop plants are generally rather poor at withstanding such stresses since they have been selected for high growth and productivity, something promoted by our manipulation of the environment – irrigation, fertilisation, enclosure in greenhouses or artificial shading. Such manipulations are not sustainable environmentally, have high energy costs and may not be adaptable to an increasingly unstable climate. In the future, agriculture, including the provision of biofuel and biomass crops, must be less intensive with fewer inputs, instead relying on plants being better able to withstand climatic extremes. Improved photoprotective mechanisms will be vital.  First, we must understand the molecular mechanisms of these processes. The results presented in this paper are very important steps in reaching this goal.  There are other dimensions to this research: as we seek to develop new solar energy technology it will be important to understand and mimic the way biology has learnt to optimise light collection in the face of the continually changing intensity of sunlight; and the knowledge of the nanoscale switching process in plant light harvesting complexes may have novel applications in opto-electronics. 
The research team

The project is a collaboration between the research groups of Professor Peter Horton (University of Sheffield, UK), Professor Rienk van Grondelle (VU University of Amsterdam, the Netherlands), Professor Bruno Robert (CEA Saclay and CNRS Gif-sur-Yvette, France), Dr Alexander Ruban (Queen Mary University of London, UK) and Professor Herbert van Amerongen (Wageningen University, the Netherlands).
The Amsterdam role
The Biophysics group of Professor Van Grondelle at the VU-University in Amsterdam is world leading in the study of the primary processes of photosynthesis using state-of-the-art ultrafast laserspectroscopy.  During the past 2 decennia Van Grondelle has co-authored more than 300 scientific papers on this subject. The key result, namely the discovery of the signals due to the transient population of carotenoid excited states during the quenching process was obtained in his laboratory in the VU-LaserCenter. The Sheffield group of Professor Peter Horton is a world leader in the field of photoprotection and together with the Queen Mary group, headed by Dr. Ruban they have provided the biochemical and physiological expertise vital for this study. The Raman spectroscopy performed by  Professor Bruno Robert in France provided the essential link between the in vitro experiments and the quenching state in leaves. This work is part of a successful collaboration between the VU Amsterdam group and Professor Herbert van Amerongen of the Wageningen University
