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Mechanism of
stomatal movement

ACCORDING to Bowling’s malate-switch
hypothesis' of stomatal action, the pH
changes in the guard cell create a gradient
of monovalent malate towards either
guard cells or epidermal cells causing a
diffusion of K* (bound to monovalent
malate) along with the gradient. His
theory is based on (1) changes in pH of
guard cells during opening or closure, (2)
balancing of K+ by the amounts of malate
and chloride present in epidermal tissue,
and (3) no change in the net amounts of
K+, Cl~ or malate in epidermal tissue.

Changes in the pH of guard cells do
occur?® however. Malate and Cl-,
together, can balance K+ present in guard
cells*-¢. There is also no net change in K+
of epidermal tissue’. The replaceability of
K+ by Na* for stomatal opening de-
monstrated that a monovalent ion is
necessary to increase the turgor pressure
of guard cells but not necessarily K+
(refs 8-10).

We cannot reconcile these data on
malate with the proposals of Bowling!.
The epidermal tissues produce appreci-
able quantities of malate and the changes
in malate levels are closely and positively
correlated with the stomatal aperture®$-11,
Further, the epidermal tissues contain
highly active enzymes not only for malate
synthesis but also for malate degrada-
tion'*13, The above data, together with
the autoradiographic studies indicate that
malate production and metabolism could
occur in guard cells?!-13, The general
understanding is that guard cells can
derive malate through phosphoenolpyru-
vate carboxylation and may exchange
those acid ions for K+. The stimulation of
stomatal opening by phosphoenolpyru-
vate!® supports this assumption.

In fact, no anion is required for K*
uptake by guard cells since the guard cell
can itself release H+ ions'*. We therefore
feel that, in addition to malate, photo-
synthetic and/or respiratory electron
transport-mediated H+/OH ~ efflux could
cause a change in the pH and provide the
necessary H+ ions for exchange with K*.
We have presented evidence for such light-
induced efflux in guard cells’®*. An active
uptake of K+ is likely because the stomatal
response to even CO, free air is sensitive
to metabolic inhibitors!®. Abscisic acid
also interferes with energy metabolism in
guard cells!”*®. Active K+ transport is,
however, not ruled out by Bowling®.
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BowLING REPLIES—In developing the
malate-switch hypothesis I considered the
evidence for a connection between overall
malate levels and stomatal aperture
quoted by Das, Rao and Raghavendra®. I
do not think, however, that the evidence
is as strong as they imply. For example,
Pearson and Milthorpe? showed that with
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a malate concentration of 5 ug mg~! the
stomatal aperture ranges from 4 to 24 pm.
Allaway® qualifies his conclusions by
stating that his results were obtained after
3-h treatments in light or dark, and
questions whether the malate--aperture
correlation exists in other conditions.
Willmer and Dittrich* found no difference
in the rate of incorporation of C into
malate in the light or the dark by Com-
melina diffusa. They point out that
changes in stomatal aperture seem to be
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much more rapid than do changes in
overall levels of organic acids and other
metabolic products.

I put forward the malate-switch hypo-
thesis after realising that there is a trans-
port dimension as well as a metabolic
dimension to stomatal functioning. A
hypothesis which assumes that stomata
open as a result of synthesis of malate in
the guard cells and subsequent exchange
of H* ions with K* has also to explain
how K~ moves to the guard cell from three
cells away as it does in Commelina
communis. An accompanying anion is
surely required and on present knowledge
this would seem to be malate.
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Scrotal asymmetry

For the record, I report that since
reading Morgan and Corballis' on the
subject of scrotal asymmetry and
Rodin’s dyslexia, I have made regular
observations of the asymmetry in one
person who is right handed, has not got
situs inversus totalis (or even partialis),
has never had surgical procedures on
the abdomen, and has no neurological,
endocrinological or psychological dis-
order, except a certain impatience with
pretentious nonsense. My findings are
that if the subject of my investigation
had been the model for Rodin’s
L’Age d’Airan, Rodin would have been
correct in assigning a lower position to
the right testis compared with the left.
[ am not dyslexic.
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