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Figure 1: The freshwater alga Chara australis, which has giant cells ideal for cell
biology studies. Credit: 2012 Akira Oikawa

Chemical reactions within the cell produce intermediate and end
products in the form of small molecules called metabolites. Using an
approach called metabolomics, a Japanese research team led by Kazuki
Saito of the RIKEN Plant Science Center, Yokohama and Tsuruoka, has
elucidated the localization and dynamics of 125 metabolites within a
single giant cell of the freshwater alga Chara australis. The team’s
findings provide important insights into the fundamental processes of
cells in general.

Metabolites play important roles in the regulation of critical biological
processes, such as growth, differentiation, and, in the case of so-called
‘secondary metabolites’, chemical defense. “Metabolomics is the
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systematic study of these unique chemical footprints, and involves
identifying and characterizing the many metabolites found in a cell,
tissue, organ or organism, as well as their production, distribution and
dynamics,” explains Saito.

Because the enzymes involved in producing and converting different
metabolites are often localized within subcellular structures called
organelles, biologists generally assumed that metabolites are also highly
compartmentalized within the cell, but none had demonstrated this
comprehensively. 

“Understanding the compartmentalization and dynamics of metabolites
within single organelles represents an enormous technical challenge, not
least because of the tiny size of these structures in most cells,” says
Saito.

He and his colleagues therefore turned to C. australis as a model system
(Fig. 1). This species has a particular cell type, called an internodal cell,
which can grow to a length of around 20 centimeters. Because of their
large size and volume, internodal cells are widely used to study various
aspects of cell biology, including membrane physiology. The researchers
purified single vacuoles, a type of organelle, from these cells. They then
used a battery of sophisticated metabolomic techniques to determine the 
localization and dynamics of metabolites in the vacuole and other
cellular fractions collectively known as the cytoplasm.

Focusing on phosphate compounds, Saito and colleagues detected 125
known metabolites, and showed that they fluctuated independently in the
vacuole and cytoplasm under various light conditions. They therefore
concluded that metabolites are spatially regulated within the cell, moving
between the vacuole and the cytoplasm according to conditions. “Ours is
the first study to confirm specific compartmentalization of
comprehensive metabolites in a single vacuole from a single cell,” notes
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Saito.

Using a specialized microinjection technique, they researchers also
observed metabolite transport across the membrane surrounding the
vacuole. This suggested to them that the vacuolar membrane plays an
important role in regulating transport of metabolites in and out of the
vacuole.

  More information: Oikawa, A., et al. Metabolomics of a single
vacuole reveals metabolic dynamism in an alga Chara australis. Plant
Physiology 157, 544-555 (2011).
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