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he receptors for the fungal elicitor

EIX (LeEixI and LeEix2) belong to
a class of leucine-rich repeat cell-surface
glycoproteins with a signal for receptor-
mediated endocytosis. Both receptors are
able to bind the EIX elicitor while only
the LeEix2 receptor mediates defense
responses. We show that LeEixl acts
as a decoy receptor and attenuates EIX
induced internalization and signaling
of the LeEix2 receptor. We demonstrate
that BAK1 binds LeEix1 but not LeEix2.
In plants where BAK1 was silenced,
LeEix1 was no longer able to attenu-
ate plant responses to EIX, indicating
that BAK1 is required for this attenua-
tion. We suggest that LeEix1 functions
as a decoy receptor for LeEix2, a func-
tion which requires the kinase activity of
BAKI1.

Leucine-rich-repeat  receptor  proteins
(LRR-RLPs) have been linked with
defense response signaling in plants.'” The
tomato Cf genes which mediate resistance
to Cladosporium fulvum encode LRR-
RLPs. Additional LRR-RLPs include the
tomato Verticillium (Ve) resistant pro-
teins®’ and the LeFEix proteins.® The Eix
receptors (LeEix1 and LeEix2) contain a
signal for receptor-mediated endocytosis,
which we have previously shown to be
essential for proper induction of defense
responses.”'® Both receptors are able to
bind Eix, but only LeEix2 mediates EIX-
induced defense.® In a recent work we
demonstrate that LeEix1 attenuates Eix-
induced internalization and signaling,
and heterodimerizes with LeEix2 upon
application of Eix."' Our work further
shows that the brassinosteroid co-receptor
Bri-Associated Kinase 1 (BAKI) binds
LeEix1 but not LeEix2. In BAK]1-silenced
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plants, LeEix1 was no longer able to atten-
uate plant responses to Eix, indicating
that BAK1 is required for this attenuation
and leading to the hypothesis that LeEix1
functions as a decoy receptor for LeEix2."

BAK1 in Defense Signaling

BAKI1 has been reported to be involved
in the defense responses mediated by
plant receptors.®'*™ BAK1 is required
for proper defense receptor signaling by
the Flagellin sensitive 2 (FLS2) and Vel
receptors.®>1> Lack of BAKI leads to
inhibition of endocytosis and a decrease
in signaling in the case of flagellin.”?
FLS2-BAK1 hetero-dimerization occurs
almost instantaneously after perception
of the ligand flg22, and kinase activity
of BAK1 is essential for FLS2 signaling.
De novo phosphorylation of both FLS2
and BAK1 was found to occur within 15
seconds of flg22 application. Additional
plant defense elicitors, such as bacterial
EF-Tu, also induce rapid formation of
complexes with de novo phosphorylated
BAKI. Thus, it was proposed that several
Leucine-rich-repeat receptor like kinases
(LRR-RLKs) form tight complexes with
BAKI1 almost instantaneously after ligand
binding and that the subsequent phos-
phorylation events are key initial steps in

signal transduction."

Decoy Receptors

Decoy receptors are well known in mam-
malians.”'® One of the better character-
ized mammalian decoy receptor families
is the DcR family of Tumor Necrosis
Factor (TNF) decoy receptors.” The
decoy receptor DcR3 binds to the ligands
of several TNF-superfamily members,
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Figure 1. Schematic representation of BAK1 LeEix/EIX function. Arrows point induction or attenuation of plant defense responses.

resulting in competition for ligand bind-
ing and inhibition of TNF signaling.'®
Interestingly, several types of tumors have
been found to express DcR3, thereby
reducing TNF signaling, probably as a
mechanism for tumor proliferation.'
Additional decoy receptors related to
programmed cell death (PCD) in mam-
malians were characterized for TRAIL, a
cytotoxic protein which induces PCD.V
TRAIL receptors 3 and 4, also termed
DcR1 and DcR2, were found to bind
TRAIL and block TRAIL-induced apop-
tosis.'*?® It would seem that the use of
decoy receptors for regulation of signal-
ing cascades in mammalian systems was
mostly observed in cases where the sig-
naling can result in cell death. We found
that LeEix] acts as a decoy receptor in
the LeEix/EIX system. Overexpression
of LeFEix1 results in attenuation of the
induction of HR mediated by EIX."
Similarly to mammalian systems, the
LeEix1 decoy receptor attenuates signal-
ing that normally results in PCD.*!

A Possible Model for the Function
of BAK1 in the EIX/LeEix System

Based on our results we would like to
propose the general model depicted in
Figure 1: BAKI is bound to LeEix1 in
the cell membrane under a certain steady
state.! Upon EIX application, BAKI
may phosphorylate or mediate the phos-
phorylation of LeEix1, (possible due to
a conformational change ensuing from

the binding of EIX to LeEix1) causing
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dissociation of this complex and bind-
ing of LeEix] to LeEix2, or precipiting
the binding of LeEix1 to LeEix2 in other
signaling avenues which do not rely on
phosphorylation. This binding serves to
prevent the internalization and signal-
ing of LeEix2. In the latter case, BAK1
may remain bound to the LeEix complex,
although this binding is not detectable in
the BiFC system. After several hours of
exposure to EIX, we see a large increase
in the expression of LeEix1, an in vivo
situation which mimics LeEix1 over-
expression creating a new steady state
in which LeEix1 greatly attenuates EIX
signaling, as we have demonstrated in
our recent paper. Greater time frames
see a decrease in LeFEixl to its normal
endogenous expression level, upon which
LeEix2 is free to internalize and trans-
mit the EIX induced signal, and HR
is induced, albeit to a lower level. In
the absence of BAK1, LeEix1 does not
bind BAKI, does not undergo BAKI1
modification and cannot attenuate EIX
signaling. Additional experimentation
is needed to validate this hypothesis.
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