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Photosynthesis:  Energy Transduction  
Photosynthesis is the ultimate source of the energy we are trying to 
capture in biofuel.  This tutorial lecture will cover the basics of 
photosynthetic light harvesting: from sunlight to light-harvesting 
antenna complexes; ultrafast energy transfer to other light-harvesting 
proteins or to reaction centers; and energy trapping and charge 
separation mechanisms. We will review the structure and spectra of 
several light-harvesting proteins, including PE545 (Rhodomonas 
CS24), LHC-II (Spinacia olearia), Chlorosome (Chlorobium tepidum), 
PCP (Amp. Carterae), and LH2 (Rps. Acidophila), with a focus on how 
overall protein structure and inter-chromophore separation affect 
electronic spectra. After reviewing the concept of electronic resonance, 
two electronic energy transfer mechanisms will be discussed: Forster-
type and electronic quantum coherent energy transfer, focusing on the 
concepts involved and on energy transduction in photosynthesis. Two 
experimental approaches for the measurement of ultrafast energy 
transfer will be reviewed: pump-probe spectroscopy and two-
dimensional electronic spectroscopy. In the pump-probe technique, the 
“pump” pulse populates electronic excite states whereas the “probe” 
pulse monitors electronic relaxation. This technique is ideally suited to 
characterize electronic energy transfer rates, and several applications 
to ultrafast photosynthetic energy transfer will be discussed. On the 
other hand, with two-dimensional photon-echo electronic 
spectroscopy, one can directly detect energy transfer pathways, 



enabling “imaging” of electronic quantum-coherent energy sharing. 
The experimental design and information content of this technique will 
be discussed in detail, with a focus on the ability of this technique to 
differentiate Forster-type energy transfer and electronic coherent 
energy transfer. Finally, two-dimensional photon-echo spectroscopy 
measurements of energy transduction in photosynthesis will be 
reviewed. The two-dimensional electronic photon-echo spectrum of a 
photosynthetic system will be discussed in detail, which describe the 
coupled space-energy landscape that photosynthetic proteins use for 
efficient light capture and energy transduction. Experimental evidence 
for wavelike energy transfer in photosynthesis is then discussed with a 
focus on the ability of this spectroscopic technique to probe energy 
transfer pathways in photosynthesis. Finally, recent experimental 
results indicating photosynthetic electronic quantum coherence in 
solution and at room temperature are discussed in detail, and a 
connection between these recent findings and biological function is 
discussed. 
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Photosynthesis: Sugar metabolism, key products of 
photosynthesis and plant productivity. This portion of my lecture 
outlines the pathways leading to sugar synthesis from atmospheric 
CO2, the link to water loss, and the relationship between energy 
transduction and assimilation of CO2.  In this context I'll discuss both 
C3 and C4 mechanisms for CO2 acquisition and the impact of those 
pathways on plant growth and plant responses to climate change.   
 
Assimilate partitioning:  Getting the building blocks for growth 
and cell wall biosynthesis from leaf tissue to actively growing 
tissues. This section will describe how plants use an elaborate 
vascular system to move sugars produced in photosynthesis from sites 
of primarily assimilation to growing centers of the plant.  The function 
and regulation of this step has a direct impact on plant productivity as 
a feedstock for biofuel. 
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