
 

Scientists determine the structure of highly
efficient light-harvesting molecules in green
bacteria
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The image shows a hot spring in Yellowstone National Park, Montana, a site
where bacteria containing chlorosomes can be found in the brightly colored
mats. At the upper left is a thin-section electron micrograph of the green sulfur
bacterium Chlorobaculum tepidum, showing chlorosomes along the periphery of
the cells as light-colored ovals. The next image is an electron micrograph of an
isolated chlorosome from the bchQRU mutant, and the next image is a cryo-
electron micrograph of the same. Finally, the last panel at the right shows a
molecular model of the chlorophylls in the chlorosome. Individual chlorophyll
molecules are illustrated in green and show their hydrophobic tails pointing
outward. Credit: Image by Donald Bryant, Penn State University, courtesy of
Proceedings of the National Academy of Sciences

(PhysOrg.com) -- An international team of scientists has determined the
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structure of the chlorophyll molecules in green bacteria that are
responsible for harvesting light energy. The team's results one day could
be used to build artificial photosynthetic systems, such as those that
convert solar energy to electrical energy. A research paper about the
discovery will be published on 4 May 2009 in the Proceedings of the
National Academy of Sciences.

The scientists found that the chlorophylls are highly efficient at
harvesting light energy. "We found that the orientation of the chlorophyll
molecules make green bacteria extremely efficient at harvesting light,"
said Donald Bryant, Ernest C. Pollard Professor of Biotechnology at
Penn State and one of the team's leaders.

According to Bryant, green bacteria are a group of organisms that
generally live in extremely low-light environments, such as in light-
deprived regions of hot springs and at depths of 100 meters in the Black
Sea. The bacteria contain structures called chlorosomes, which contain
up to 250,000 chlorophylls. "The ability to capture light energy and
rapidly deliver it to where it needs to go is essential to these bacteria,
some of which see only a few photons of light per chlorophyll per day."
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The Nuclear Magnetic Resonance (NMR) results enabled the scientists to
determine that the chlorophyll molecules (shown in green and orange) in green
bacteria are arranged in helical spirals, and are positioned at an angle to the long
axis of the nanotubes. Credit: Image by Donald Bryant, Penn State University,
courtesy of Proceedings of the National Academy of Sciences

Because they have been so difficult to study, the chlorosomes in green
bacteria are the last class of light-harvesting complexes to be
characterized structurally by scientists. Scientists typically characterize
molecular structures using X-ray crystallography, a technique that
determines the arrangement of atoms in a molecule and ultimately gives
information that can be used to create a picture of the molecule;
however, X-ray crystallography could not be used to characterize the
chlorosomes in green bacteria because the technique only works for
molecules that are uniform in size, shape, and structure.

"Each chlorosome in a green bacterium has a unique organization," said
Bryant. "They are like little andouille sausages. When you take cross-
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sections of andouille sausages, you see different patterns of meat and fat;
no two sausages are alike in size or content, although there is some
structure inside, nevertheless. Chlorosomes in green bacteria are like
andouille sausages, and the variability in their compositions had
prevented scientists from using X-ray crystallography to characterize the
internal structure."

To get around this problem, the team used a combination of techniques
to study the chlorosome. They used genetic techniques to create a mutant
bacterium with a more regular internal structure, cryo-electron
microscopy to identify the larger distance constraints for the
chlorosome, solid-state nuclear magnetic resonance (NMR) spectroscopy
to determine the structure of the chlorosome's component chlorophyll
molecules, and modeling to bring together all of the pieces and create a
final picture of the chlorosome.

First, the team created a mutant bacterium in order to determine why the
chlorophyll molecules in green bacteria became increasingly complex
over evolutionary time. To create the mutant, they inactivated three
genes that green bacteria acquired late in their evolution. The team
suspected that the genes were responsible for improving the bacteria's
light-harvesting capabilities. "Essentially, we went backward in
evolutionary time to an intermediate state in order to understand, in part,
why green bacteria acquired these genes," Bryant said. The team found
that the more evolved, wild-type bacteria grow faster at all light
intensities than the mutant form. "Indeed, the reason that chlorophylls
became more complex was to increase light-harvesting efficiency," said
Bryant.

Next, the team isolated chlorosomes from the mutant and the wild-type
forms of the bacteria and used cryo-electron microscopy -- a type of
electron microscopy that is performed at super-cold cryogenic
temperatures -- to take pictures of the chlorosomes. The pictures
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revealed that chlorophyll molecules inside chlorosomes have a nanotube
shape. "They are like Russian dolls, with one concentric tube fitting
inside the next," said Bryant. "The mutant bacterium's chlorosomes
contain only one set of tubes, whereas the wild-type chlorosomes contain
many tubes, each arranged in a unique pattern, like those andouille
sausages."

The team then went a step further and used solid-state NMR
spectroscopy -- a technique in which samples are spun very rapidly and
exposed to a magnetic field -- to look deep inside the chlorosome. This
technique enables researchers to understand the relationships between
atomic nuclei in a sample and, ultimately, to acquire structural
information about the molecules of interest.

"The NMR data revealed to us that the individual chlorophyll molecules
in green bacteria are arranged in dimers -- molecules consisting of two
identical simpler molecules -- with their long hydrophobic, or water-
repellent, tails sticking out of either side," said Bryant. "We also learned
precisely how the chlorophyll molecules attach to one another, and we
were able to measure the distance between chlorophyll molecules. The
cryo-electron microscopy pictures showed gross structural details and
distances, and the NMR results allowed us to quantify these distances as
well, and confirmed to us that what were were seeing was, in fact, stacks
of the chlorophyll molecules all lined up," he said. The NMR results also
enabled the scientists to determine that the chlorophyll molecules in
green bacteria are arranged in helical spirals. In the mutant bacteria, the
chlorophyll molecules are positioned at a nearly 90-degree angle in
relation to the long axis of the nanotubes, whereas the angle is less steep
in the wild-type organism. "It's the orientation of the chlorophyll
molecules that is the most important thing here," said Bryant. The last
steps for the team were to pull together all of their data and to create a
detailed computer model of the structure.
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"At first it seems counterintuitive that green bacteria have managed to
evolve a better light-harvesting system by increasing disorder in the
chlorosome structure," said Bryant. "Most people would think that if you
make something that is more highly ordered, you'll end up with
something that works better. But this is clearly a case where that isn't
true. If all of the chlorophylls are identically arranged in a chlorosome,
then the energy from the photon, once it is absorbed, is going to wander
around over all of those chlorophylls, which could take a long time. In
the wild-type form, you have these different domains where chlorophyll
molecules are located and, therefore, the ability of photon energy to
migrate becomes restricted. In other words, the energy in an individual
photon visits a smaller number of chlorophylls, and that's an advantage
to the organism because the energy can get to where it needs to go faster.
Speed is the name of the game that green bacteria play with light. The
organisms have only a couple of nanoseconds for the energy to get
someplace useful or else the energy is going to be lost. The speed
required can be a problem for bacteria that receive only a few photons of
light per chlorophyll per day."

Bryant said that the team's results may one day be used to build artificial
photosynthetic systems that convert solar energy to electricity. "The
interactions that lead to the assembly of the chlorophylls in chlorosomes
are rather simple, so they are good models for artificial systems," he
said. "You can make structures out of these chlorophylls in solution just
by having the right solution conditions. In fact, people have done this for
many years; however, they haven't really understood the biological rules
for building larger structures. I won't say that we completely understand
the rules yet, but at least we know what two of the structures are now and
how they relate to the biological system as a whole, which is a huge
advance."

Source: Pennsylvania State University (news : web)
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