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●
Purple photosynthetic bacteria are a group 
of Gram-negative, anaerobic prokaryotes 
that are commonly found in the anaerobic

layers in aquatic environments. Their typical habitat
places them in the water column below oxygenic photo-
synthetic organisms such as aquatic plants, algae 
and cyanobacteria (Fig. 1). Photosynthesis in these
organisms is driven by photosystems that use
chlorophyll to absorb light in the red and blue parts 
of the spectrum (hence their green colour). As a
consequence, light of these wavelengths is not available
for the purple bacteria which are present deeper in the
lake. The purple bacteria, therefore, have evolved a form
of photosynthesis using bacteriochlorophyll (Bchl) and
carotenoids. These pigments can harvest the light energy
in the near infrared (NIR) and green regions of the
spectrum.

● The purple bacterial photosynthetic unit
The light-absorbing pigments in bacterial photo-
synthesis are non-covalently bound to two types of
integral membrane proteins, one forming reaction
centres (RC) and the other forming light-harvesting or
antenna complexes. The combination of light-
harvesting complexes with an RC is called the
photosynthetic unit (PSU). A useful conceptual picture
for the operation of the PSU is a radio telescope, which
contains two functional elements: a large collecting 
dish (analogous to the antenna complexes) and, at its
focus, a transducer, which converts incoming radio 
waves into an electrical signal. If the transducer
(analogous to the RC) were present by itself, it would
spend most of its time in an inactive state waiting for
‘hits’ from in-coming radio waves. However, because the
effective cross-sectional area for energy capture is greatly
enlarged by the collecting dish, the transducer is
supplied with radio waves at an enhanced rate. In the
biological system RC-only mutants will grow photo-
synthetically but only at very high levels of incident solar
radiation. Typically, wild-type purple bacteria have
between 100 and 200 antenna Bchl per RC. Once light
energy has been absorbed by the light-harvesting
complexes, it is transferred to the RC where it is used to
‘power’ a transmembrane redox reaction and the light
reactions of photosynthesis really begin. The RC from
Rhodopseudomonas viridis was the first membrane protein
to have its 3D structure solved to high resolution by
Deisenhofer, Huber and Michel. For this ground-
breaking work these authors were awarded the Nobel
Prize for Chemistry in 1988. In the RC the incoming
light energy is used to promote an electron from a 
dimer of Bchl molecules, called the ‘special pair’, into an
excited state. The electron is transferred from the excited 
special pair through a short electron transport chain to
ubiquinone. This reduced quinone then diffuses out 
of the RC and a rather simple cyclic electron transport

pathway takes place. Cyclic electron transport pumps
protons across the photosynthetic membrane which 
then leads to ATP synthesis.

Most purple bacteria contain two types of light-
harvesting complex, called LH1 and LH2. LH1 is closely
associated with the RC, forming the so-called RC-LH1
‘core’ complex with the LH2 complexes which are
arranged more peripherally around it. The Bchl
molecules associated with LH2 absorb at shorter
wavelengths (i.e. higher energy) than those in LH1. 
This energy gradient imposes a directionality on the
energy transfer reactions and ensures that the light
energy absorbed by LH2 is funnelled ‘downhill’ to LH1
and onto the RC.

● The structure of the light-harvesting
complexes
In 1995 the 3D structure of a purple bacterial LH2
complex was determined by X-ray crystallography 
(Fig. 2). It consists of a circular array of heterodimers,
each comprising an α- and β-apoprotein, which together
bind three molecules of Bchl and one molecule of
carotenoid. The full structure is an α9β9 nonamer. The
pigments are enclosed by two concentric rings of
transmembrane α-helices. The Bchl molecules are
arranged in two distinct groups. Nine monomeric Bchls
absorb at 800 nm (B800) and 18 tightly coupled ones
absorb at 850 nm (B850).

The LH1 complex has a very similar structure; it is 
also a ‘ring’, but in this case it is a larger α16β16 oligomer.
This produces a central ‘hole’ which is large enough to
accommodate the reaction centre (Fig. 3). The LH1
complex only contains a single ring of 32 tightly coupled
Bchl molecules that absorb at 875 nm (B875). The
protein cage not only provides a ‘scaffold’ that correctly
orientates the pigments for optimal rates of energy
transfer, but also creates an environment that can 
control the wavelengths at which the different groups 
of Bchls absorb light, thereby creating the energy funnel
described above.

Light harvesting by purple bacteria:
a circular argument
Richard Cogdell & Alastair T. Gardiner

Richard Cogdell
and Alastair
Gardiner reveal the
complexities of
photosynthesis by
purple bacteria.

ABOVE RIGHT:
Fig. 1. Simplified schematic
representation of photosynthetic
organisms in an aquatic
environment. The green-coloured
cyanobacteria, algae and floating
plants are present on or near the
surface where light and oxygen 
are plentiful. Purple bacteria are
found in deeper water where the
environment is more anaerobic 
and only light not required by the
organisms above is available.
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● Energy transfer
within the photo-
synthetic unit
The various energy transfer
events that take place in 
the PSU can be investi-
gated, in real time, using a
technique called laser flash
photolysis (Fig. 4). In this
approach an ultra-short
laser pulse of typically
200 fs duration is used to
excite the light-harvesting
system (fs = 10–15 seconds).
This is an extremely short
period of time and hard to
comprehend. One can get
some insight as to just how
short this is by considering
the following calculation.
Light travels at 3 × 1010

cm s–1, therefore in 200 fs
light only travels 0.66 mm!
It takes 0.7 ps for the
energy to be transferred
from B800 to the B850
ring of Bchls. Once the
excited state reaches this
B850 ring it is very rapidly
‘spread out’ or delocalized
among the B850 Bchls in 
a few tens of fs. In the
absence of any other light-
harvesting complexes this
transient excited state
persists for about 1 ns (in
terms of energy transfer reaction this is a long time!).
During this period the excitation energy is effectively
stored and, since it is able to move throughout the ring
on the fs timescale, this means that the energy can 
exit from any point in the ring with essentially equal
efficiency. The physiologically important consequence of
this is that a precise, fixed supra-molecular arrangement
of light-harvesting complexes in the intact PSU in vivo is
not required to maintain a high efficiency of energy
transfer. As long as the next LH complex is in close
enough proximity to any part of the excited LH2 ‘ring’,
energy transfer out of the ring will be very efficient. 
In vivo, where LH2 complexes are located sufficiently
close to RC-LH1 ‘core’ complexes, it takes 3–4 ps for 
the stored energy in LH2 to be transferred to LH1. The
longest step in the sequence of energy transfer steps 
from LH2 to the reaction centre is the ‘hop’ from LH1 
to RC. This energy transfer takes 30–40 ps and its
comparative slowness is due to the longer distance
involved.

The energy transfer reactions which occur in the
purple bacterial antenna system can therefore be
categorized into two types – very rapid steps that occur
within an LH complex and a few, relatively slower ‘ring’
to ‘ring’ transfers that occur between complexes.

● Adaptation of the PSU to changing light
intensity
The size of a typical purple bacterial PSU is not constant.
On the contrary, it is quite variable and sensitive to a
range of environmental factors such as light intensity.
The cell must perform a delicate balancing act between
trying to optimize its light-harvesting potential to
match fluctuations in the incident light intensity and not
needlessly expending metabolic energy in synthesizing
too much photosynthetic apparatus. Some species that
have only LH1-RC ‘core’ complexes respond to low light
levels by making more PSUs. Other species that contain
both LH2 and LH1-RC ‘core’ complexes have a more
sophisticated response to low light. These species not

LEFT:
Fig. 2. (a) The nonameric LH2
complex from Rhodopseudomonas
acidophila viewed from the
cytoplasmic side of the membrane.
Protein units are shown in white,
B800 Bchla in green, B850 Bchla
in red and a carotenoid in yellow.
(b) The complex viewed
perpendicular to the symmetry
axis. Broad ribbons indicate the
presumed membrane-spanning
region of the polypeptides.
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only synthesize more
PSUs, but by differentially
up-regulating the amount
of LH2 relative to the
LH1-RC ‘core’ complex
also increase the size of the
PSU. This has the result
that the cross-sectional
area for photon capture of
each PSU is enlarged. A yet
more subtle adaptation is
seen in a few special species
which are also able to
change the type of LH2
which is synthesized. At
very low light intensities
this new type of LH2 is
incorporated into the 
PSU, as a result of which
the efficiency of light
harvesting goes up from
about 75 % to nearer 95 %.
These adaptive changes are
mediated at the level of
transcriptional control 
by a set of classical two-
component regulatory
systems.
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ABOVE:
Fig. 3. A view normal to the
membrane surface looking onto a
RC/LH1 ‘core’ complex with one
LH2 complex, showing B850 Bchla
in yellow, B875 Bchla in red and the
RC pigments in purple.
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RIGHT:
Fig. 4. Time resolution of the
various energy transfer steps
within the PSU by laser flash
photolysis.
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