


Induced Endocytosis of the Receptor Kinase FLS2

in FLS2 endocytosis, site-directed mutagenesis revealed a
threonine residue within the juxta membrane region of
FLS2 (T867) that when mutated rendered FLS2 impaired
in internalization. In addition, flg22 responses are affected,
suggesting a connection of endocytosis and signaling maybe
involving endosome localized MAP kinases. Furthermore,
Robatzek et al.® reported that mutation of a PEST-like motif
(P1076), which is implicated in monoubiquitin-triggered
receptor endocytosis in yeast and animals,? abolished FLS2
endocytosis (Fig. 1A). Similar to the FLS21867V mutation,
plants expressing the FLS2P1076A mutation were impaired in
downstream flg22 signaling (Fig. 1B). Unlike the FLS2T867V
mutant variant, the FLS2P1970A variant was found to still
mediate flg22-triggered oxidative burst (Fig. 1C). This indi-
cates an intimate interaction between FLS2 endocytosis
and signaling not affecting early flg22-triggered responses.
However, further investigations need to be done to distin-
guish the contribution of FLS2 endocytosis on various aspects
of flg22 signaling and the point of convergence.

Several reports demonstrate the internalization of plant
LRR-RLKs involved in growth and development. The
membrane resident RLK mediating physical interaction to
the phytohormone brassinosteroid, BRI1, was shown also to
localize to endosomes.!? This constitutive endocyrtosis is likely
driven by endogenous brassinosteroid, which could not be
further stimulated by exogenous applied brassinosteroid.

The LRR-RLK coreceptor of BRI1, BAKI1 (also known as
SERK3), forms heterodimers with BRI1 upon brassinosteroid
perception and accelerates BRI1 endocytosis.!? SERKI,
another member of the BAKI1 family involved in somatic
embryogenesis, is also subjected to endocytosis. However, this
occurs only in the presence of the kinase-associated protein
phosphatase (KAPP), a protein found to interact with many

RLKs.!! To date, heterodimerization with a coreceptor could
be only shown for BRI1 and this is related to regulatory proc-
esses of animal receptor tyrosine kinase (RTK) endocytosis.

Figure 1. Effect of the P1076A mutation on FLS2 endocytosis and flg22 signaling.
12 (A) Subcellular localization of FLS2-GFP and FLS2P1076AGFP expressed in the
naturally occurring A. thaliana Ws-0 fls2 mutant in untreated or flg22 stimulated

lines; scale bar 20 uM. (B) Seedling growth and (C), oxidative burst measured by

INDUCED ENDOCYTOSIS OF INMUNE RECEPTORS

In mammals, pattern recognition is mediated by Toll-like
receptors (TLRs), transmembrane proteins lacking a kinase
domain. Ligand-induced endocytosis was recently demonstrated
for TLR4 upon perception of bacterial lipopolysaccharides (LPS).!?
Husebye et al found increased LPS signaling when TLR4 endocytosis
was impaired and observed LPS-triggered TLR4 ubiquitination.!?
Therefore, TLR4 endocytosis is involved in attenuation of LPS
signaling.!3 The authors discuss the role of several tyrosine-based
tretrapeptide Yxx'¥' motifs, that have been identified as endocytic
signatures.'¥ In mammals bacterial flagellin is recognized by TLR5.'>
However, it is not yet known whether TLRS is as well internalized.

Recently, the LRR-RLK EFR responsible for recognizing the
bacterial elongation factor EF-Tu was identified.'® EFR contains
the motif Yxx'¥ indicating that EFR is endocytosed just like FLS2.
However, since FLS2 endocytosis likely involves the PEST-like motif,
both endocytic pathways might differ. Functional relevance of the
Yxx'¥ motif in plants was shown by Ron and Avni, who identified
the xylanase receptor LeEix.!” Mutation of the Yxx'¥' motif rendered
LeEix nonfunctional suggesting involvement of LeEix endocytosis in
xylanase signaling.!”
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luminescence of Ws/FLS2-GFP and Ws/FLS2P107A.GFP lines in response to flg22.

CONCLUSIONS AND PERSPECTIVES

Receptor endocytosis in plants is a newly emerging field involving
LRR-RLKs, which mediate plant growth, development and immu-
nity. BRI1 and its coreceptor BAK1 heterodimerize and localize
to both cell membranes and endosomes. Therefore, they exhibit
similarities to RTKs that also require homo- or heterodimerization
for signaling and are subjected to endocytosis. In contrast, membrane
resident FLS2 only accumulates in endosomes upon induction by its
ligand flagellin. FLS2 endocytosis likely depends on phosphorylation
and ubiquitination events, and these will be further addressed in
future. Regulatory domains involved in BRI1 and BAK1 endocytosis
remain to be determined. Comparative studies of individual plant
RLKs and animal PRR endocytosis might reveal similarities but also
differences in distinct endocytic pathways.
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