
Growth stimulation by fusicoccin as well as by
the natural hormone auxin is associated with
the activation of AlP-dependent electrogenic
H~extrusion. It was proposed that some im-
portant physiological effects of plant hormones
depend on the regulation of the activity of the
plasma-membrane proton pump. [The Sd®
indicates that this paper has been cited in over
150 publications.]
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Ever since I began my scientific career as a
plant biologist, my interest has centered on the
integration of functions in living organisms. I
was thus attracted to the problem of the mode
of action of hormones, as yet a quite open and
major challenge to plant physiologists. The re-
search in this field, at various levels from mo-
lecular to organismic, thus became the main
focus of work for me and for the group of
younger collaborators working in our labora-
tory at the University of Milan.

In 1970 a new, potentially promising ap-
proach to the mechanism of hormone action
was introduced by the observation that the
fungal toxin fusicoccin, discovered by Antonio
Graniti

1
and chemically identified by Ales-

sandro Ballio,
2

was able to mimic on a much
enlarged scale the growth-promoting activity
of auxin. We thought that this characteristic
of fusicoccin might be used to understand at
least part of the mechanism of growth regu-
lation by the natural hormones.

3

At about the same time, work by various
groups of plant physiologists was making it

clear that lowering the pH in the extracellular
space can induce growth effects similar to
those of auxin, presumably by increasing cell-
wall plasticity (wall loosening). This suggested
that at least part of auxin’s action might be
mediated by the stimulation of acid secretion
(acid growth theory).

4

In 1973, using fusicoccin as a tool, we were
able to give a direct experimental demonstra-
tion of the validity of this hypothesis, by
showing that both the strong effect of fusicoc-
cm and the relatively smaller one of auxin on
growth by cell enlargement were accompanied
by—and apparently depended on—a parallel
stimulation of H+ extrusion.

3
An analysis of

fusicoccin and of auxin-induced H~extrusion
showed that it was associated with a hyper-
polarization of the electric potential and an
increase of the K~uptake rate and that it was
mediated by the activation of an ATP-driven
proton pump at the plasma membrane.
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The work in the following years and through
today extended and generalized these early ob-
servations and significantly contributed to the
knowledge of the nature of the electrogenic
H+ pump, its role in the secondary active
transport of solutes, its regulation by intra- and
extracellular pH and by the transmembrane
electric potential, and its involvement in the
action of auxin, of brassinosteroids, and, quite
probably, of the natural inhibiting hormone
abscisic acid. In recent years the recognition
of the important role of the H’

4
’ pump in the

control of intracellular pH has led to a series
of investigations on cytosolic pH regulation of
a large area of metabolism, with probable im-
portant physiological consequences.
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The interest of plant physiologists in this line
of research and in these results is documented
by the large number of citations the paper has
received. A highly gratifying acknowledgment
came in 1983 with the awarding of the Charles
Reid Barnes Award of the American Society
of Plant Physiologists to me, the senior
investigator of our group.
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