
 

Piecing together the cyanobacteria puzzle

July 11 2007

Blue green algae are significant species in the global carbon cycle
because they transform nitrogen gas from the atmosphere into a useable
nutrient, enabling photosynthesis in nutrient-poor waters.

Using NanoSIMS (high- resolution secondary ion mass spectrometer),
Lawrence Livermore National Laboratory, USC and Portland State
University scientists showed that they could image and track nutrient
uptake in blue green algae at the nanoscale.

The new method should help to clear up the age-old puzzle of how
different species of blue green algae can “fix” or take up atmospheric
nitrogen and carbon in a single cell organism. Carbon fixation during
photosynthesis produces oxygen, which inhibits nitrogen fixation.

Different species of blue green algae solve the problem in different ways
and scientists still don’t understand how some of the most important
species can get both of these jobs done.

To develop the new method, the researchers studied the freshwater
algae, Anabaena oscillarioides, which separates the two processes into
adjacent cells that share the products. LLNL researchers Peter Weber,
Jennifer Pett-Ridge, Stewart Fallon and Ian Hutcheon used NanoSIMS to
track the uptake and movement of carbon and nitrogen inside two types
of cells in the algae: vegetative cells, which perform carbon fixation, and
heterocysts, thick-walled relatives that pull in nitrogen.

NanoSIMS provides the ability to map distributions of elements and
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isotopes with 50-100-nanometer resolution. The device allowed the
scientists to measure the carbon and nitrogen uptake and subsequent
distribution at the cellular and subcellular level.

“The method shows the dynamics of resource uptake and redistribution
down to the level of sub-micron nitrogen storage and cell wall formation
during cell division,” Weber said.

The researchers used stable isotope tracers in nitrogen and carbon
dioxide gases to track nitrogen and carbon fixation. After a few hours of
incubation, vegetative cells exhibited a large enrichment in carbon and
nitrogen isotopes because of active carbon and nitrogen uptake and
intercellular exchange. During photosynthesis, most of the newly fixed
carbon was allocated to vegetative cells because they are rapidly
dividing, while heterocysts require very little carbon because they are
non-growing cells.

The NanoSIMS images showed that mature heterocysts are
distinguishable from the vegetative cells based on their size, shape and
intercellular distance.

The method also showed that newly fixed nitrogen levels are higher in
vegetative cells than in mature heterocysts.

“We were able to see on a cell by cell basis how newly fixed nitrogen is
rapidly exported from the heterocysts to vegetative cells, keeping pace
with the nitrogen demands of the growing and dividing vegetative cells,”
Weber said. “Now we can take these results and apply them to poorly
understood species.”

USC’s Kenneth Nealson predicts that NanoSIMS opens up a whole new
field of study.
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“You can use this technology to look at things going on inside the cell,”
he said. “This is going to change the way that we do a lot of
microbiology.”

The research appears in the latest issue of The International Society for
Microbial Ecology (ISME) Journal.

Source: DOE/Lawrence Livermore National Laboratory
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