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The evidence for electrogenic ion pumps in plant
celis was reviewed, A case was presented for
the existence of an electrogenic, ATP-depen-
dent H* pump, and the theorstical and experi-
mental basis for a relationship between pump
activity and membrane conductance was re-
stated. [The SC/® indicates that this paper has
been cited in more than 2B0 publications.]
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* Thig feview article Wis published at the fran-
sition between two phases of investigation of
ion transport in plants. it was preceded by two
decades of electrophysiologica! work that had
established the importance of electrogenic ion
pumps in controlling the resting electrical prop-
erties of plant cell membranes, and it marked the
beginning of subsequent work’ providing a di-
rect demonstration of H* transport in isolated
membrane vesicles.

The siectrophysiological approach was Im-
portant because of the inherent problems in-
volved in measuring unidirectional or even net
H+ {luxes in intact cells and tissues. Particularly
in Characean ceils, in which it was possible to
make accurate measurements of membrane
conductance, there was a clear discrepancy
between measured values of both membrane
potential and condictance compared to those
ggsed on sstimates using fluxes of the major
tons and the constant field equations, as had
bean advocated as an initial hypothesig by Jack
Dainty In his review2 19 years earlior. As o
graduate student in the Biophysics Department
in Edinburgh, | helped Dainty proof his review by
reading aloud avary word and punctuation maric
Upon reading the proofs of my own review, | was
reminded that an apparent difference between
American and British usage was svident in both
cases in the replacement of each instance of
“due to" by “because,” or was it simply that the

same person was still copy aditor for Annual
Reviews?In any case, my own work wag heavily
influenced by Dainty, intluding my first papers
with my PhD advisor Elwyn Williams, which laid
the basis for much of my ister work in this ares
and was itself an earlier Citation Classic®. -

The idea of a “conducting pump,” while not
original, was someawhat at odds with most con-
temporary treatments which assumed that elec-
trogenic pumps acted as constant current
sources. The attribution of conductance to the
electrogenic pump in the Characeae has stood
the test of time and fits well with the recent work
on the sffect of orthovanadate on the electricat
properties of Nitelia.$ Whether the electrogenic
pumps of higher plants exhibit high conduc-
tance at the resting potential Is still not well
established becausaeitis difficult to measurethe
conductance accurately when plasmodesmata
‘provide significant leakage of current t6 neigh-
boring cells. In principle, it should be possibleto
spproach this préblemby using whole-celf patch
clarhp- tachniqués, but there are quantitative
problems relating to access and seal resistances
that stifl have to be resolved.-

While the electrophysiological evldence for
the presence of an H* pump in the plasma
membrane of ‘plant cells was indirect, it did
coincide with attempts to apply the chemios-
motic approachto transport of ions and organic
moiecuies across plant cell membranes, and
complemented work on proton cotransport sys-
tems. it also attracted the attention of develop-
mantal plant physiologists interested inthe “acid
growth” hypothesis for auxin action. Thus it
gained more atiention then if it had been of
interest only to the reiatively smail community
of plant electrophysiologists.

The review also mentioned unpublished work;
from my own and other laborataties, on direct
demonstrations of ATP-dependent H* iransport
in isolated membrane vesicles. it took us three
attempts to publish our own work,S butthat gave
us time to identity the membranas as being of
tonoplast rather than plasma-membrane origin,
ftwas, Intfact, one of the few cases Inwhichwork
on plants presaged work on animal systems,
which have a very similar ATPass {now known
as the V-type ATPase) associated with acldic
organelies such as the lysosome.
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