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The coupling of ethylene biosynthesis to a transmembrane,
electrogenic proton flux
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It is .proposed that the reactions which lead to the generation of ethylene from
1-aminocyclopropane—1-carboxylic acid are arranged asymmetrically in the plasma membrane of plant
cells so that ethylene biosynthesis is coupled to an inwardly directed, electrogenic flow of protons.
According to this model a membrane potential (outside positive) is required for ethylene biosynthesis. This
proposed requirement is indicated by previous observations of a marked sensitivity of ethylene biosynthesis
to the protonophore 2,4-dinitrophenol, and by its unusually strict dependence on membrane integrity.
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1. INTRODUCTION Ha C\*/CHz { -amsnocyclopropane -1- carboxylic acid
c {ACC)

I propose here that the ethylene-forming enzyme
is asymmetrically organised in the plasma mem-
brane of plant cells so that the generation of
ethylene from Il-aminocyclopropane-l-carboxylic
acid is coupled to an electrogenic flow of protons
into the plant cell.

In plants the most likely route of CaH,4 synthesis
from ACC is via the sequence of reactions shown
in fig.1. This sequence has been inferred from
studies of the non-enzymatic generation of C;Hg
from ACC [1]. In vivo these reactions are catalysed
by an enzyme (or enzyme-complex) called the
ethylene-forming enzyme [2]. The catalytic activity
of this enzyme has not yet been demonstrated in
vitro, and almost nothing is known of its proper-
ties, except that it is almost certainly located in the
plasma membrane [3,4].

2. HYPOTHESIS

In the proposed model (fig.2) ACC, synthesized
by the ACC synthase in the cytosol, is oxidised at
the inner face of the plasma membrane, so that

Abbreviations: ACC, l-aminocyclopropane-1-carboxyl-
ic acid; DNP, 2,4-dinitrophenol
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Fig.1. The mechanism of C;H, synthesis from ACC [1].
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Fig.2. The proposed topological organisation of the

ethylene-forming enzyme (EFE) in the plasma

membrane such that the generation of C;H4 from ACC

is coupled to a transmembrane flow of protons from the
outside to the inside of the plant cell.

protons are released into the cytosol. The oxidised
intermediate,  a-hydroxylaminocyclopropane-1-
carboxylic acid, then crosses the membrane and is
converted to the nitrenium ion near the outer face
so that protons are consumed from the free space
outside the plasma membrane. Finally, the nitre-
nium ion is broken down to release C,Hj.

The negatively charged intermediate,
a-hydroxylaminocyclopropane-1-carboxylic acid,
is drawn across the membrane by the potential dif-
ference (positive outside) known to be maintained
across the plasma membrane [S]. The dependence
of the activity of the ethylene forming enzyme on
the potential difference explains why ethylene
biosynthesis has a strict requirement for membrane
integrity [4,6] and why the activity of this enzyme
(unlike the activities of other enzymes involved in
C:H, biosynthesis) fails to survive cell breakage
[3]. This dependence on a potential difference also
explains why the synthesis of C;H4 from ACC in
vivo should be sensitive to inhibition by low con-
centrations of the protonophore DNP [7]. In
hypocotyls 50 xM DNP inhibits by about 50% the
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Fig.3. Normally the electrogenic, proton translocating

ATPase helps to maintain a membrane potential

(positive outside) which draws the negatively charged

intermediate, hydroxyl ACC across the membrane. DNP

discharges the potential by allowing protons to return to

the cytosolic phase, and thus DNP inhibits the activity of
the ethylene forming enzyme (EFE).

conversion of ACC to CaH, but has no significant
effect on the synthesis of the C,H4 precursor
S-adenosylmethionine, which requires ATP [7].
DNP at 100 «M is known [8] to depolarise the
plasma membrane without causing irreversible
damage. The depolarising effect of DNP on a
plasma membrane bearing the postulated proton-
translocating EFE is shown in fig.3.

The model presented here allows for a simple in-
teraction between C2H4 biosynthesis and the action
of both phytochrome and auxin. Thus red light,
which suppresses C>:Hs production [9], causes a
rapid depolarisation of the cell membrane [10].
While auxin, which stimulates C;H4 production
[3], has as its most rapid effect the hyperpolarisa-
tion of the cell membrane [11]. Additional support
is provided by the recent suggestion that preserva-
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tion of the plasma membrane is required not only
for ethylene bicsynthesis but also for the interac-
tion of auxin with the cthylene-forming enzyme
{41

The validity of the model presented here can be
tested most unambiguously by determining
whether, as predicted, the production of C;Ha
from ACC responds directly to an experimental
modulation of the potential difference across the
plasma membrane.
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