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studies in one largely unexplored area of nanobiotechnology: the development of nano-bio hybrid materi-
als that exploit Forster Resonance Energy Transfer (FRET) to enhance the functionalities of technologically
promising photosynthetic biomaterials. One of very promising approaches is to employ semiconductor
quantum dots having a broad absorption spectrum as nanoantennae coupled with the natural light-
harvesting complexes of photosynthetic reaction centers. This system reveals great potential for the
utilization of quantum dots in artificial photosynthetic devices. The second very useful functionality,
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Light-harvesting which is discussed in this review, is the possibility to enhance the efficiency of the main biological func-
Photosynthesis tion (proton pumping) of the protein bacteriorhodopsin using nonradiative energy transfer from quantum
Bacteriorhodopsin dots. Also recent studies revealed that FRET-based improvement of the biological function of bacteri-

orhodopsin in the presence of quantum dots allows for strong wavelength-dependent enhancement of
the nonlinear refractive index of bacteriorhodopsin. These new hybrid bio-nanomaterials with excep-
tional light-harvesting and nonlinear properties will have numerous photonic applications employing
their photochromic, energy transfer, and energy conversion properties.
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1. Introduction

During millions of years of evolution photosynthetic organism
have evolved complex apparatus to harvest, transfer and con-
vert solar energy to produce high-energy molecules that fuel the
organism [1]. The type and the number of photosynthetic sys-
tems (PS) used depends on the organism - plants and algae for
example typically have two coupled PS (PSI and PSII). Anoxygenic
organisms, which do not evolve oxygen, only have one PS [2]. For
example, in purple bacteria Rhodobacter sphaeroides the conver-
sion of solar energy into high-energy molecules via photosynthesis
involves multiple steps [3]: First, solar photons are absorbed by
antennae composed of pigment-protein complexes called the LH
(light harvesting)-complexes (Fig. 1) and the energy is transferred
in the form of an exciton, from the LH complexes to a reaction
center (RC) (Fig. 1). The transfer is very fast and usually occurs
within tens of picoseconds after absorption of a solar photon [2].
In the following step the exciton is spilt into constituent charges
(an electron and a hole) by a dimer of two bacteriochlorophyll
(B) molecules, the so-called special pair (P). Further, the charges
are spatially separated through a series of photoinduced charge
transfers along the chains of the reaction center to prevent imme-
diate recombination [4]. Finally, the electrons are used in chemical
transformations by a Cytochrome bc1 complex and ATP-synthase
to produce high-energy adenosine triphosphate (ATP) molecules
that fuel the organism (Fig. 1).

However, the apparatus of photochemical conversion of har-
vested solar energy by an organism can also be very different
from described above when optimization is needed for the specific
environmental conditions. For example, in salt water where the
concentration of the dissolved oxygen falls below what is needed
for normal respiration, the bacteria Halobacterium salinarum, also
known as Halobacterium halobium, have developed a system for
energy conversion which consist of the bacteriorhodopsin (bR)
protein coupled to ATP synthase (Fig. 2a), which is the simplest
photosynthetic system known. Bacteriorhodopsin spans across
a lipid bilayer membrane (purple membrane (PM) [5] and has
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