
 

Structural study gives insight into how plants
keep their 'mouths' shut
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A. The regulation of SLAC1 control of stomatal aperture; B. The cryo-EM
structure of plant SLAC1; C. The electrophysiological characterization of key
phosphorylation residues in SLAC1. Credit: IGDB
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Stomata, formed by a pair of kidney-shaped guard cells, are tiny pores in
leaves. They act like mouths that plants use to 'eat' and 'breathe.' When
they open, carbon dioxide (CO2) enters the plant for photosynthesis and
oxygen (O2) is released into the atmosphere. At the same time as gases
pass in and out, a great deal of water also evaporates through the same
pores by way of transpiration.

These 'mouths' close in response to environmental stimuli such as high
CO2 levels, ozone, drought and microbe invasion. The protein
responsible for closing these 'mouths' is an anion channel, called SLAC1,
which moves negatively charged ions across the guard cell membrane to
reduce turgor pressure. Low pressure causes the guard cells to collapse
and subsequently the stomatal pore to close down.

As part of a collaborative effort with scientists at Columbia University,
researchers at the Institute of Genetics and Developmental Biology of
the Chinese Academy of Sciences (CAS) have uncovered the atomic
structure of SLAC1 using single particle cryo-electron microscopy (cryo-
EM). This structure shows that the SLAC1 channel is normally in a
closed state, with two spring-loaded phenylalanyl residues in strained
conformations that block the pore and prevent anions from passing
through them.

Environmental factors affect channel activity by controlling SLAC1
phosphorylation. By using a two-electrode voltage clamp technique, the
scientists discovered multiple on switches in the SLAC1 channel. When
phosphate attaches to the channel, its structure shifts and opens, allowing
anions to flow freely. As a result, turgor pressure drops and the stomata
close.

However, the scientists discovered by using a two-electrode voltage
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clamp technique that the SLAC1 channel has multiple on switches.
"These are turned on by environmental factors that control SLAC1
phosphorylation. Specifically, when phosphate attaches to the channel,
its structure shifts and opens, allowing anions to flow freely. As a result,
turgor pressure drops and the stomata close."

These findings will help scientists understand how plants respond to the
environmental changes facing our planet, such as drought and escalating
levels of CO2 and ozone. Deep insight into the mechanism of SLAC1
control of stomatal pores will be valuable for designing drought-tolerant
or water-efficient plant cultivation.

  More information: Ya-nan Deng el al., "Structure and activity of
SLAC1 channels for stomatal signaling in leaves," PNAS (2021). 
www.pnas.org/cgi/doi/10.1073/pnas.2015151118
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