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Auxin-binding protein | (ABPI) is an auxin receptor for responses not primarily regulated by gene regulation. One fast
response is protoplast swelling. By using immunological ABPI tools we showed that the highly conserved box a is not
alone important for auxin binding. Box c is another part of the auxin binding domain.' Here we present a novel method
to analyze auxin-induced, ABPI-mediated effects at the plasma membrane on single cell level in vivo. The fluorescence
of FM4-64 in the plasma membrane is reduced by auxin and this response is mediated by ABPI. This method indicates a

functional role of ABPI at the plasma membrane.

Auxins’ Signal Perception—TIR1/AFBs
versus ABP1

In spite of the importance of auxin as a plant hormone con-
trolling growth and development, our understanding of auxin
signal perception and transduction is still patchy at best. Auxin-
binding F-box proteins (AFBs) are a family of well-established
intracellular auxin receptors.>* The members TIR1 (transport
inhibitor response 1), AFB1, AFB2 and AFB3 (auxin signaling
F-box) are part of the ubiquitin ligase complex SCF™™!. Auxin
signaling through these intracellular receptors is regulated
by degradation of repressors of auxin regulated transcription.
Despite the breakthrough discovery of these receptors, there are
auxin responses which are not linked to transcriptional regu-
lation through TIR1/AFBs. Some rapid auxin-induced effects
like plasma membrane hyperpolarization® and protoplast swell-
ing®” occur within minutes or even seconds and are therefore
too fast to be triggered through gene activation. One promising
receptor candidate for these fast responses is auxin-binding pro-
tein 1 (ABP1) which has a high affinity to auxin and has been
discussed for over 36 years as a receptor for auxin.®’ Protoplast
swelling and rapid membrane hyperpolarization are sensitive to
immunological tools and synthetic peptides related to ABP1.
The biological activity of these probes suggests that ABP1 plays
a role in auxin-mediated ion transport and osmoregulation at
the plasma membrane.” Here we report a technique to visual-
ize activation of the ABP1 pathway in a single cell system. Our
data shed some light on the rapid membrane effects exerted by
auxin via ABP1.
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ABP1—A Receptor for Rapid Auxin Effects

The amino acid sequence of ABP1 is highly conserved, particu-
larly the boxes a, b and ¢ and the C-terminus.''? It has been
suggested that the boxes a and ¢ are important elements of the
auxin binding site of the protein."”” Antibodies and antibody frag-
ments raised against domains of ABP1 were shown to induce or
16

inhibit protoplast swelling specifically."® A recent investigation
of the biological activity of scFvl2, an antibody fragment pre-
dominantly directed against box ¢ of ABPI, stressed the role of
this particular part of the ABP1 protein in auxin binding and
ABP1 activation.! In most cases investigated so far the activity
of the tools in the protoplast swelling test coincide with those in

electrophysiological test systems.>'%!
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FM4-64 Fluorescence at the Plasma Membrane
is Affected by Auxin and ABP1-Related
Antibodies and Peptides

Using the dye FM4-64, we observed another fast ABPI1-
mediated response at the plasma membrane. FM4-64 is typi-
cally used in plants to stain the plasma membrane and to analyze
membrane cycling.'®" In this study, protoplasts of corn coleop-
tiles were used and stained with FM4-64. The fluorescence
of FM4-64 is dependent of its localization and orientation in
bilayers like the plasma membrane.'® Protoplasts stained with
FM4-64 show a stable fluorescence at the plasma membrane
up to one hour (data not shown). Fluorescence also occurred
in intracellular compartments (Fig. 1A-C). In the present
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Figure 1. IAA and ABPI tools (C-terminal peptide and scFvl2) reduce
fluorescence of FM4-64 in the plasma membrane. Protoplasts of corn
coleoptiles (isolation method in') were preincubated for 5 min with 10 uM
IAA (D-F), | uM C-terminal peptide (G-I) or 0.1 uM scFvI2 (J-L), re-
spectively. After preincubation, 8 LM FM4-64 was applied and protoplasts
were detected up to 30 min. (A—C) control protoplast were stained with
FM4-64. Typical pictures of one protoplast out of four to 14 single proto-
plasts is shown. The pictures were taken with a CCD camera on a CLSM
(TCS SP, Leica, Wetzlar, Germany). The pictures are overlays (z-stacks) of
16 single images for the control and IAA-treated protoplasts and 20 single
images for the other treatments. Image number was dependent of the

size of the protoplast. Bar is equivalent to 25 um.

paper IAA was applied to protoplasts 5 min before FM4-64
treatment. The fluorescence in the plasma membrane of these
protoplasts was strongly reduced (Fig. 1D-F). The same effect

was detected when the C-terminal peptide of ABP1 consist-
ing of the last 15 amino acids of ZmABP1 (Fig. 1G-I), or
scFv12, an antibody fragment predominantly directed against
box ¢ of ABP1 (Fig. 1J-L) were applied. It has been previously
shown that both C-terminal peptide and the antibody fragment
scFv12 induce an IAA-like fast protoplast swelling by trigger-
ing the ABP1 pathway."® In this single cell assay IAA strongly
reduced FM4-64 fluorescence specifically in the plasma mem-
brane. The same effect was detectable after application of
C-terminal peptide and scFv12. In conclusion, IAA-reduced flu-
orescence in the plasma membrane and IAA-induced protoplast
swelling are mediated by ABP1. Using scFv12 in the protoplast
system showed that box ¢ is important for auxin binding and
signaling. The FM4-64 assay introduced responds to the activa-
tion of the ABP1 pathway in a similar way as the electrophysi-
ological systems and the protoplast swelling test.

Why is the fluorescence of FM4-64 reduced in the plasma
membrane of corn coleoptile protoplasts? In protoplasts auxin
induces a rapid activation of the ATP dependent proton current,”
and this results in a rapid hyperpolarization of the plasma mem-
brane.’ Both effects respond to ABP1 related probes. It is pos-
sible that changes in membrane potential are responsible for the
reduced fluorescence of FM4-64 reported here. The fluorescence
of the dye depends on its orientation in the plasma membrane,
which depends on charge.’ FM4-64 is therefore sensitive to mem-
brane potential, and auxin-induced membrane hyperpolarization
may affect the orientation of the dye in the plasma membrane. In
mammals FM4-64 fluorescence is used as a probe for measuring
action potentials in neurons, and this method is sensitive enough
to resolve potential variation within milliseconds.?*?' While we
can not directly compare effects of milliseconds and the fluores-
cence of the dye in the plasma membrane after several minutes
incubation reported here, our results demonstrate that FM4-64
fluorescence is auxin- and ABP1-dependent. And to that end,
ABP1 signaling is correlated with a rapid effect localized at the
plasma membrane.
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