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stimulus by associating with an integral membrane "docking" protein at the plasma membrane (1, 9).
Some support for this scheme has come from immunochemical studies. Microelectrode impalements of mesophyil
protoplasts have yielded evidence of auxin-evoked and antiABP-sensitive membrane hyperpolarizations that are
thought to reflect the activity of the plasma membrane
H+-ATPase (10, 11). Furthermore, auxin-agonist activity has
been found with polyclonal antibodies to the putative auxinbinding domain of ABPzml, the dominant ABP from Zea
(12). Yet, while otherwise compelling, these studies have
only confirmed an antigenic similarity between the ABP and
the auxin receptor in vivo. Evidence for the postulated
docking protein is still lacking.
As an alternative approach, we have used synthetic peptides corresponding to surface domains of the protein (13, 14)
to probe ABP structure directly, assaying for function in
modulating ionic second messengers and ion transport across
the guard cell plasma membrane. In guard cells, which
regulate gas exchange through the stomatal pores of higherplant leaves, auxin coordinates the activities of [Ca2+]i- and
pHi-sensitive K+ channels and of anion channels to effect
stomatal opening and closing (1, 15). Here we report that
biological activity of ABPzml is associated with the C-terminal region of the protein and that its activity in controlling
guard cell K+ channels is mediated through cytoplasmic
alkalinization.

Transduction of the auxin imulus in plants
ABSTRACT
Is thought to entail binding of the hormone to a soluble
auxin-binding protein (ABP) outside the cell and subsequent
interaction between this auxin-protein complex and an integral
membrane receptor ("docking") protein that couples the signal across the plasma membrane. To explore the structural
requfrements for ABP function, synthetic peptides were prepared to the amino add sequences of the predicted surface
domains of ABPzml, the dominant ABP from Zea. Biological
function was assayed under voltage clamp, monitoring the
ability of the peptides to evoke auxin-related modulations in
inward- (IK,.,) and outward-rectifying (IK,O.t) K+ channel
activities of Vwcia guard cells in the absence of added auxin.
Only the peptide corresponding to the C-terminal domain of
ABPzml was active. The dominant response was an inactivation of 1K,IU, although the peptide also evoked an activation of
IK,Out. Inactivation of IK,in was complete within 20-30 s and was
fully reversible, was marked by a slowing of voltage-dependent
activation and deactivation, and was dependent on peptide
concentration (K./2, 16 ± 6 pAM). Buffering cytoplasmic-free
[Ca2+] with EGTA had no effect on IK,.l response to the
peptide. However, virtually complete and reversible block of
the response was achieved when cytoplasmic pH (pH) was
brought under experimental control using the weak acid butyrate. Parallel measurements of pH, using the fluorescent dye
2',7'-bis(2-carboxyethyl-5(6)-carboxyfluorescein (BCECF)
and dual-wavelength laser-scanning confocal microscopy demonstrated that the C-terminal peptide evoked rapid and reversible cytoplasmic alkalnizations of 0.4 ± 0.1 pH, unit and
confirmed the antagonism of the pH, response in the presence
of butyrate. These, and comparable results with the auxins
indole acetic acid and 1-naphthyleneacetic acid, implicate the
C-terminal domain of ABPzml in auxin-ABP coupling to pH
and an associated intracellular signaling cascade.

MATERIALS AND METHODS
Cells and Protocol. Viciafaba L. was grown and epidermal
peels containing the guard cells were prepared as described
(16, 17). Peels were bathed in fast-flowing solutions contain1 mM), and KCI and
sodium butyrate (pH 6.1) were added as required. Peptides
were added under stopped-flow conditions by complete exchange with 5x the chamber volume. Control experiments
showed no measurable effect of stopped flow over the
periods of these exposures.
Electrophysiology and Confocal Microscopy. Electrical recordings were carried out using two- and four-barrelled
microelectrodes (17-19) and, unless noted, were filled with
200 mM KOAc (pH 7.5) to eliminate salt-loading artifacts
without imposing a significant acid or alkaline load (19).
Membrane transport was measured by voltage clamp under
microprocessor control (,uLAB, WyeScience, Wye Kent,
England). Membrane voltage (V) and current (I) were recorded continuously (sampling frequency, 2 kHz) using a
three-pulse protocol or, for rapid steady-state analyses, using
a bipolar staircase duty cycle (17, 19). The Ca2+ buffer EGTA
was injected iontophoretically using a custom-built current

ing 5 mM Ca2+ Mes (pH 6.1) ([Ca2+]

The plant hormone auxin couples various environmental and
developmental signals to the control of solute transport
across the plant plasma membrane (1). Auxin promotes net
H+ extrusion via the H+-ATPase (1) and evokes cytoplasmicfree [Ca2+] ([Ca2+]j) and [H+] (pH) transients (2, 3). The
auxin signal has been linked to inositol phospholipid metabolism in vitro (4) and phospholipase C activity in vivo (5). Yet,
despite the parallels to many receptor-mediated signal cascades in animals (6, 7), evidence for a membrane-localized
auxin receptor has not been forthcoming. Binding and subsequent molecular genetic studies (6, 8) have revealed a class
of auxin-binding proteins (ABPs) that are soluble and prevalent in the endoplasmic reticulum but are thought to be
secreted and, once outside the cell, to couple the hormonal
The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.

Abbreviations: ABP, auxin-binding protein; V, voltage; I, current;
BCECF, 2',7'-bis(2-carboxyethyl)-5(6)-carboxyfluorescein.
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pump (18, 19) after filling the relevant microelectrode barrel
with 20 mM K2EGTA (pH 7.6).
Cytoplasmic pH (pH;) was recorded in parallel experiments using the fluorescent dye 2',7'-bis(2-carboxyethyl5(6)-carboxyfluorescein (BCECF) (Molecular Probes) and a
Bio-Rad MRC-600, laser-scanning confocal microscope modified for dual-wavelength excitation at 442 and 488 nm (the
isobestic and pH-sensitive wavelengths, respectively) (20).
Rapid switching between beams was achieved using electronic shutters under computer control, and fluorescence
emission was recorded after fitering through 540-nm interference (10-nm half bandwidth) or 520-nm cutoff (longpass)
filters. Image collection and analysis were carried out using
extended versions of TCSM and SOM software (Bio-Rad Microsciences). Dye loading was by iontophoresis and was
judged successful by dye distribution restricted to the cytoplasm and by stabilization of the BCECF fluorescence ratio
(pHi) signal. Calibrations were carried out in vitro in 100 mM
KCl, 10 mM NaCl, 1 mM MgSO4, and 10 mM Mes Hepes
buffer; in vivo calibrations were carried out against 50 mM
K+-Mes (pH 6.1), K+-Mops (pH 7.2), and Tricine (pH 8.1)
buffers after permeabilization with 4.5 ,ug of gramicidin per
ml (20).
Peptide Synthesis. Synthetic peptides corresponding to six
regions (designated Pz10-21 to Pz151-163; see Fig. 1) of the
ABP1 amino acid consensus sequence from Zea and Arabidopsis (8) were prepared by Fmoc-based automatic synthesis
(Milligen-Biosearch 9050 synthesizer) and purified by reverse-phase HPLC (5-,um PEP-S column, Pharmacia). The
peptides were stored, lyophilized at -70°C, and dissolved in
buffer as required.

the steady-state I-V characteristics of the intact guard cells
(n = 26) were dominated by two distinct K+ channel currents
(1, 16, 17, 24). Clamping the guard cell membrane to voltages
positive of the K+ equilibrium potential (EK -80 mV in 10
mM K +) revealed the characteristic time- and voltagedependent activation of the outward-rectifying K+ channel
current (IK,Out), which deactivated rapidly thereafter on
clamping the membrane to -100 mV (Fig. 2B). Driving the
membrane negative to voltages below -120 mV in turn
activated current through inward-rectifying K+ channels
(IK,in), which deactivated rapidly on subsequently clamping
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FIG. 1. Consensus amino acid sequence for the Zea mays ABP
(8) with regions of the sequence corresponding to the synthetic
peptides indicated. *, Proposed auxin binding site (12); 256/9,
proposed monoclonal antibody MAC256/259 binding domain (22,
23); I and II, dominant antigenic domains (23). A third antigenic site
(III) was not predicted to reside on the protein surface and its
antigenicity is known to be related to the N-glycosylation of the
native ABPzml at Asp-95 (23).
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Control of K+ Channel Currents by ABPzml Peptides. Six
regions of the Zea ABPzml consensus sequence were identified as likely to reside on the exterior of the protein, based
on their elevated hydrophilicity and surface potential (21).
The synthetic peptides corresponding to these regions [designated Pz(residues), Fig. 1] overlapped with the putative
auxin-binding domain (Pz51-63) (12), the C-terminal domain
identified by the MAC256/259 monoclonal antibodies
(Pzll-163) (22), and epitopes I and II previously mapped to
ABPzml and cross-reactive with ABPs from Brassica,
Pisum, barnyard grass, and Vigna (Pz8O-92) (23).
Of these six peptides, only Pzl15-163 exhibited any biological activity as could be determined in electrical recordings. Bathed in 5 mM Ca2+-Mes (pH 6.1) with 10 mM KCl,
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FIG. 2. K+ channel response to the synthetic peptides Pz10-21
and Pz151-163. Data are from one Vicia guard cell bathed in 5 mM
Ca2+-Mes (pH 6.1) with 10 mM KCI. Cell parameters: surface area,
1.8 x 10-5 cm2; volume, 4.9 pl; stomatal aperture, 7 gm. (A)
Free-running membrane potential trace (values in mV) with exposure
periods to 100 ,uM Pz10-21 (vertical lines) and Pz151-163 (stippled)
indicated by the bars below. Scale: vertical, 50 mV; horizontal, 2
min. Total exposure time to Pz151-163 was 9.3 min. Periods of
voltage clamp scans (masked from trace) are indicated by dots,
cross-referenced to B-D by symbol. (B) Current trajectories of the
K+ outward rectifier (IK,out) recorded before (o) and during exposures Pz10-21 (v) and Pz151-163 (v). Current zero is indicated on the
left. Clamp cycle voltages (above left): conditioning, -100 mV; test
(8), -80 to +50 mV; tailing, -100 mV. Scale (below): vertical, 350
mV or 100 uA'cm-2; horizontal, 500 ms. (C) Current trajectories of
the K+ inward rectifier (IK,ij) recorded before (o) and during
exposures to Pz10-21 (A) and Pz151-163 (A). Current zero is indicated on the left. Clamp cycle voltages (below right): conditioning,
-100 mV; test (8), -120 to -250 mV; tailing, -30 mV. Scale (above):
vertical, 350 mV or 40 pAAcm-2; horizontal, 500 ms. Complete
recovery of the current was observed within 2 min of washing out the
peptide (not shown). (D) Steady-state I-Vrelations forIK,in and IK,out
taken from currents recorded at the end of the test voltage pulses in
B and C after subtracting the instantaneous background currents
recorded <5 ms into pulses at each test voltage (not shown). With a
free-running potential close to -50 mV, the rise in IK,out in Pz151-163
determined the membrane hyperpolarization observed in this cell.
The mean voltage shift was -6 ± 1 mV with 100 ,uM Pz151-163 (n
= 17), but this varied between cells subject to the initial background
conductance of other [H+-ATPase and "leak" (19, 24)] currents (not
shown).
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the membrane to -30 mV (Fig. 2C). Under these conditions,
adding 100 ,uM of any one of the peptides Pz10-21, Pz32-42,
Pz51-63, Pz80-92, and Pz104-117 to the bathing medium had
no significant effect on the membrane characteristics in 18
trials with 12 guard cells (see Fig. 2). Adding Pz151-163,
either before or after exposures to the other peptides, however, resulted in alterations of IK,in and IK,out in all 17 cells
tested (Fig. 2 B-D).
Inactivation of IK,I.. The dominant effect of Pz151-163 on
membrane current was an inactivation of IK,in, which, in 100
,uM peptide, was essentially complete (Fig. 2 C and D) but
fully reversible on washing the peptide from the chamber. In
every case, the full extent of 'K,in inactivation was realized
within the time frame between voltage clamp measurements
(typically 20-30 s from peptide addition), and exposures of up
to 11 min revealed no further change in the current (not
shown). Pz151-163 also consistently activated IK,out in a
manner largely independent of membrane voltage (Fig. 2 B
and D), although the magnitude of this response was often
less pronounced against the background IK,out in the control:
in six of seven trials (n = 7 cells) with 100 ,LM Pz151-163,
IK,out rose by 6 ± 2 pAAcm-2 at 0 mV (3-141% of the
controls). The peptide had an effect on the background of
H+-ATPase, anion channel, and other currents in five of
these trials (not shown); however, the effect was <2 ,uAcm-2
at any one voltage, as determined from the instantaneous
currents between -120 and -250 mV and from steady-state
currents near EK (17, 19).
Inactivation of 'K,in was directly related to Pz151-163
concentration and independent of membrane voltage (Fig. 3).
Peptide activity was also independent of the external K+
concentration between 3 and 30 mM (not shown). Half-times
for activation increased with Pz151-163 in a concentrationdependent but voltage-independent manner, effectively doubling in 10 ,iM peptide (Fig. 3A). Deactivation, estimated
from single exponential fittings to the first 100 ms of the
-30-mV tailing voltage, was also slowed and in 10 ,.M
Pz151-163 rose from 14 ± 3 to 25 ± 4 ms (n = 5). Steady-state
current was reduced proportionately at all voltages with
increasing Pz151-163 concentration (Fig. 3 B and C), and
pooling data from all 17 cells tested yielded an apparent K1/2
of 16 ± 6,uM.
Role of [Ca2+1 and pH, in Controlling K+ Channel Activities.
A large body of data now points to at least one signal cascade
controlling IK,in through a rise in [Ca2+]i, which inactivates
the current (1, 25), and there is growing evidence for control
of 'K,in and IK,out by pHi (17, 19). Thus, peptide action on the
K+ channels raised a question about the role(s) for [Ca2+],
and pHi in the response. As a test of the possible dependence
of 'K,in on a [Ca2+]1i rise evoked by Pz151-163, the Ca2+ buffer
capacity of guard cells was raised by iontophoretic injections
of K2EGTA while monitoring IK,in (16, 19) in four experiments. An estimated final EGTA concentration of 30-50 mM
was achieved in each case (18), suffilcient to suppress D-myoinositol 1,4,5-trisphosphate-evoked and [Ca2+]i-dependent
inactivation of 'K,in (16), but the Ca2+ buffer had no appreciable effect on IK,in inactivation by Pz151-163 (not shown).
A possible role for pHi in signaling was also examined. Like
Pz151-163, cytoplasmic alkalinization effects inactivation of
'K,in and activation of IK,Out (19). Again, the experimental
strategy was to interfere with the putative signal cascade.
Guard cells were exposed to 10-30 mM sodium butyrate,
which raises the pHi buffer capacity to "clamp" pHi near
6.8-7.0 but has no detrimental effect on IK,in (17, 19). Fig. 4
shows that challenge with 30 ,uM Pz151-163 was effective in
reducing IK,in in the absence, but not in the presence, of
sodium butyrate. Equivalent results were obtained in all five
experiments with butyrate and when the order of additions
(sodium butyrate, Pzl5l-163 peptide) was reversed. Thus,
virtually complete and reversible block of 'K,in response to
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FIG. 3. Dependence

on

Pz151-163 concentration of the steady-

state I-V characteristics and activation kinetics for the K+ inward

rectifier. Data are from one Vicia guard cell bathed in 5 mM
Ca2+-Mes (pH 6.1) with 10 mM KCl. Cell parameters: surface area,
1.7 x 10o- cm2; volume, 3.4 pl; stomatal aperture, 8 um. Currents
for IK,in were recorded as in Fig. 2, but with test voltages between
-120 and -220 mV. Pz151-163 peptide concentrations: *, control;
3 ,uM; v, 10 ,uM; *, 30 ,uM; *, 100 ,uM. Quantitatively comparable
results were obtained in all 17 cells challenged with the peptide. (A)
Half-time (ti/2) for IK,in activation to steady state increased in the
presence of the peptide. Note that the effect was independent of
clamp voltage, as is seen on replotting the data relative to the
activation half-times for the control (Inset). Curves are empirical
fittings to second-order polynomials. (B) Steady-state I-V relations
for IK.in after subtracting the instantaneous (background) currents
(see Fig. 2). Note the voltage independence of peptide action on IK,in,
yielding a constant relative inactivation at all voltages for any one
peptide concentration (Inset). Curves are empirical fittings to fifthorder (or second-order, Inset) polynomials. (C) Inactivation of IK,io
as a function of Pz151-163 concentration. Data from B are fitted to
3
a Michaelian function (solid line), yielding an apparent Ki/2 of 8
,uM. (Inset) Summary of data from all 17 cells challenged with
Pz151-163 (apparent K1/2 = 16 + 6 ,uM, solid line).
0,

±

the peptide was achieved by bringing pHi under experimental
control.
To determine the effect of Pzl51-163 on pHi itself, parallel
experiments were conducted by laser-scanning confocal microscopy after injecting guard cells with the pH-sensitive dye
BCECF. Dye fluorescence was corrected for dye concentration and bleaching using the fluorescence ratio of the dye
excited at 488 nm and 442 nm (the isobestic wavelength) and
was calibrated in vitro and in vivo after selectively permeabilizing the cells with gramicidin (20). Fig. 5 shows fluorescence images and;pH; trace from one guard cell exposed to
100 ,uM Pz10-21 and Pz151-163 and from a second cell
challenged with Pz151-163 and 30 mM sodium butyrate. The
BCECF fluorescence indicated a largely uniform resting pH1
situated about a value of 7.2-7.5, roughly comparable with
pH1 values obtained with H+-selective microelectrodes (19).
Adding Pz10-21 (Fig. SA, frame b; Fig. SB) and the other
peptides (13 trials in five cells, not shown) was without
measurable effect, bar Pz151-163. Adding Pz151-163 evoked
an immediate and reversible rise in pH, to a value near 8.0
throughout the cell (Fig. SA, frames c and d; Fig. SB).
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FIG. 4. Antagonism of K+ inward-rectifier inactivation by weakacid loading with sodium butyrate. Data are from one Vicia guard cell
bathed in 5 mM Ca2+-Mes (pH 6.1) with 10 mM KCI. Cell parameters: surface area, 2.3 x 10-5 cm2; volume, 5.8 pl; stomatal aperture,
10 um. (A) Free-running voltage trace with exposure periods indicated by bars below (30 mM sodium butyrate, vertical lines; 30 MM
Pz151-163, stippled). Scale: vertical, 50 mV; horizontal, 2 min.
Voltage clamp scans (masked from trace) are indicated by dots,
cross-referenced to B and C by symbol. (B) Current trajectories
recorded before (o) and during (o) exposure to butyrate and in the
presence of Pz151-163 (v, m). Current zeros are indicated on the left.
Clamp cycle voltages (above left): conditioning, -100 mV; test (8),
-120 to -220 mV; tailing, -30 mV. Scale (above): vertical, 350 mV
or 40 AA-cm-2; horizontal, 500 ms. (C) Steady-state I-V relations for
IK,in taken from currents recorded at the end ofthe test voltage pulses
in B after subtracting the instantaneous background currents (see
Fig. 2). Adding 30 mM sodium butyrate imposed an acid load of -300
mM and activated the current above the control (19). Note the -50%o
inactivation of IK,in with Pz151-163 in the absence, but not in the
presence, of butyrate. Complete recovery of the current was observed on washing out the peptide and sensitivity to the peptide was
also recovered after butyrate washout (not shown). With a freerunning potential close to -50 mV, the rise in IK,out in Pz151-163
determined the membrane hyperpolarization observed in this cell
(see Fig. 2).

Pretreatment with butyrate led to cytoplasmic acidification
and butyrate washout was followed by transient pHi alkalinization (Fig. 5 B and C; see also ref. 19). However, in the
presence of butyrate, pHi was buffered from the action of the
peptide (Fig. SC, frames b and c). Comparable results were
obtained in four other experiments. The mean alkalinization
evoked by 100 ,uM Pz151-163 was 0.4 ± 0.1 pH; unit (n = 6);
in the presence of 30 mM sodium butyrate the maximum pH,
change was close to the limit ofresolution and probably much
less than 0.1 unit.

DISCUSSION
Several lines of evidence argue for the guard cell response to
Pz151-163 coupled to a receptor-mediated signal cascade and
against a direct interaction of the peptide with the K+
channels. We note that the inactivation of IK,im was unrelated
to the presence of the free sulfhydryl in the cysteine (residue
155) of Pz151-163. A cysteine was also present in Pz51-62,
which showed no biological activity, and 100 uM cysteine
was without effect on the membrane electrical characteristics
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FIG. 5. Confocal image analysis of peptide-evoked pHi alkalinization and its antagonism by weak-acid loading with 30 mM sodium
butyrate. Data were collected at 10-s intervals from two Vicia guard
cells bathed in S mM Ca2+-Mes (pH 6.1) with 10 mM KCI. Cells were
iontophoretically loaded with BCECF 5-10 min prior to the start of
each experiment. (A) Optical sections from one cell exposed to 100
,uM Pz10-21 and Pz151-163. Frames (time points): a, control (60 s);
b, plus Pz10-21 (280 s); c, plus Pz151-163 (540 s); d, Pz151-163
washout (700 s). Pseudocolor scale: 6.0 (violet), 8.1 (magenta).
Preferential excitation of chlorophyll at 442 nm is evident as blue
patches around the cell, because fluorescence recorded in this
experiment was passed through a 520-nm longpass cutoff filter. (B)
Time courses of fluorescence at 488 am (f4as, o) and 442 nm (f42, 0)
and of pHi determined from their ratio (R4gg/442 = f488/f442, *). Upper
and lower trace sets are signals averaged within the enclosed areas
marked in the first frames in A and C, respectively. f4ss and f442 were
recorded as eight-bit (0-255) signals and scaled to the left ordinate
axes (0-3, above; 0-14, below). Peptide and butyrate exposure
periods are indicated by time bars above each trace set. In vitro (i)
and in vivo (o) calibrations (Inset) are shown for the upper trace set
only. pHi scales (right) were determined to coincide with in vivo
calibrations. Note the virtual absence of pHi change evoked by
Pz151-163 in butyrate and sustained alkalinization in the peptide
after butyrate washout. (C) Optical sections in A for a second cell
exposed to 30,uM Pz151-163 in the presence and absence of acid pHi
clamp with 30 mM sodium butyrate. Frames (time points): a, control
(100 s); b, plus sodium butyrate (290 s); c, plus Pz151-163 with
sodium butyrate (320 s); d, plus Pz151-163 alone (650 s). Pseudocolor
scale: 6.0 (violet), 8.1 (magenta).

when added alone (n = 3, not shown). Nor could Pz151-163
activity be related to its net charge (-5) since Pz104-117likewise bearing aspartate and glutamate residues by its Nand C-terminal ends-carried a net charge of -7 (-8 above
pH 6.5). An interaction with negative charges at the mouth of
the K+ channels (26) would, thus, be unlikely. An intracellular site for peptide action is equally improbable, since the
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high charge density militates against direct permeation of the
peptide across the membrane.
By contrast, the physiological activity of Pz151-163 is
readily understood in the context of stimulus coupling via pHi
to modulate K+ channel currents. Indeed, this is the simplest
explanation for the dual response evinced by the peptide in
activating IK,out and inactivating IK,in and for the antagonistic
action of acid pHi. Recent studies have shown that IK,in is
inactivated with alkaline-going pHi and, also consistent with
our results, that alkaline pHi has the opposite effect on IK,out
(17, 19). For Pz151-163, confocal image analyses uncovered
rapid and pronounced alkaline shifts in pHi and demonstrated
that this response, like that of the K+ channels, was antagonized under acid pHi clamp. Although the origin of the
peptide-evoked alkalinization-like that observed in abscisic
acid (2, 19)-remains unresolved, it is clear that [H+]i can
play a central role in transport control within the physiological pHi range.
Remarkably, primary evidence for [Ca2+]i-mediated control of Kmi was not forthcoming from the electrical recordings. This and the observations of pHi alkalinization are
seemingly at odds with several reports indicating that auxin
raises [Ca2+]i and acidifies pHi (2, 3). It must be stressed,
however, that the pH, dependence of IK,in does not rule out
concurrent changes in [Ca2+]i; it merely suggests that any
such [Ca2+]j transients alone are insufficient to mediate the
response. The effect in alkalinizing pHi is consistent with one
report of auxin-evoked pH, transients in Sinapis (27). Furthermore, a coordination of the K+ channel currents similar
to that evoked by Pz151-163 is observed during auxin exposures in Vicia guard cells: at concentrations of 30-100 LM,
indoleacetic acid and 1-naphthyleneacetic acid activate IK,out
and inactivate IK,in, a response that is antagonized by acid pH,
in the presence of butyrate (28). The data also concur with the
limited influence of auxin on the background of H+-ATPase,
anion channel, and other currents in the guard cells (15, 28).
How might the Pz151-163 peptide initiate a signal cascade
leading to control of the guard cell K+ channels? The simplest
explanation is that ABP interacts with an integral membrane
receptor/docking protein to couple the stimulus across the
plasma membrane. Synthetic peptides are capable of blocking the interaction between two proteins and, by assuming a
conformation similar to that of the native protein domain, can
also mimic the activity of one protein in its interaction with
another (13, 14). Significantly, auxin binding is known to
engender conformational changes in ABPzml and to conceal
the C-terminal domain of the native protein, corresponding to
the Pz151-163 peptide, from antibody binding (22). In other
words, interactions of this domain with such a docking site
are potentially under the control of auxin binding to the ABP.
We surmise, therefore, that the C-terminal region of ABPzml
is important for auxin-ABP coupling to intracellular signal
cascades.
In conclusion, our findings demonstrate a physiological
activity in modulating guard cell K+ channels associated with
one region of the ABP, ABPzml. The results also illustrate
the potential of synthetic peptides as specific probes for the
dissection of auxin signal transduction at the cellular and
molecular levels. An immediate issue now is the nature of the
interaction coupling the ABP signal across the plasma membrane. At present all proposals are largely speculative concerning the docking site, its association with an auxin-ABP
complex, and the activities of the free and auxin-bound ABP
(9, 11). Thus, although Pz151-163 was biologically active in
the absence of auxin, its mimicry of active or inactive
conformations of the native protein are equally plausible.
Both alternatives are consistent with either its competition
and displacement or its block of the native ABP from docking
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sites on the membrane. There is, further, a need to address
a possible compound functioning of the ABP in signal coupling: the native protein exists as a homodimer (6, 29), each
monomer capable of binding an auxin molecule and, conceivably, of cooperative interaction with a docking site. This
fact alone may account for the bimodal dependence on auxin
concentration exhibited by many physiological responses to
the hormone (1, 11, 15, 28) and may also explain why such a
dependence was not evident in the response of IK,, to the
(monomeric!) Pz151-163 peptide.
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