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Modelling the single-cell C4 carbon concentrating mechanism in
higher plants

The C4 carbon concentrating mechanism evolved multiple times in varied plant lineages as a
response to lowered atmospheric CO2 levels. Commonly, the evolution of this mechanism
proceeds through cell specialisation and characteristic changes to leaf geometry — the so-
called Kranz anatomy. However, in a couple of lineages the C4 mechanism is established on
the level of individual mesophyll cells. The discovery of this single-cell mechanism variant
was a surprise as strong barriers to gas diffusion were considered essential for efficient CO2
concentration. In plants with Kranz anatomy multiple cell walls are used for the purpose, but
in the single-cell C4 plants such barriers are absent. | will present a biophysical model of a
single-cell C4 mechanism in a particular genus (Bienertia) that explicitly focuses on spatial
aspects. i.e. the cell geometry. The model shows how the efficiency of the concentrating
mechanism depends on the cell size and a predicts a minimal size needed for a viable and
stable C4 mechanism which matches the observed development of Bienertia mesophyll cells.
| will discuss the relevance of these results for efforts to re-engineer the C4 mechanism into
C3 crop plants.
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