[Plant Signaling & Behavior 2:6, 556-558, November/December 2007]; ©2007 Landes Bioscience

Article Addendum

Sorting Out the Sorting Functions of Endosomes in Arabidopsis

Yvon Jaillais
Thierry Gaude*

Reproduction et Développement des Plantes; Institut Fédératif de Recherche 128;
Centre National de la Recherche Scientifique; Institut National de la Recherche
Agronomique; Université Claude Bernard Lyon I; Ecole Normale Supérieure de
Lyon; Lyon, France

*Correspondence to: Thierry Gaude; Reproduction et Développement des
Plantes; Institut Fédératif de Recherche 128; Centre National de la Recherche
Scientifique; Institut National de la Recherche Agronomique; Université
Claude Bernard Lyon I; Ecole Normale Supérieure de Lyon; 46 allée d'ltalie;
Lyon Cedex 07, 69364 France; Tel.: +334.72.72.86.09; Fax: +334.72.72.86.00;
Email: thierry.gaude@ens-lyon.fr

Original manuscript submitted: 10/01/07
Manuscript accepted: 10/04/07

Previously published online as a Plant Signaling & Behavior E-publication:

http://www.landesbioscience.com/journals/psb/article/5108

KEY WORDS

Arabidopsis, intracellular trafficking, endo-
cytic recycling, endosomes, MVB, PVC,
VPS29, SNX, PIN, cell polarity

Addendum to:

The Retromer Protein VPS29 Links Cell Polarity and Organ
Initiation in Plants

Jaillais Y, Santambrogio M, Rozier F, Fobis-Loisy |,
Miége C, Gaude T

Cell 2007; 130:1057-70
PMID: 17889650
DOI: 10.1016/|.cell.2007.08.040

and

Evidence for a Sorting Endosome in Arabidopsis
Root Cells
Jaillais Y, Fobis-Loisy |, Miége C, Gaude T

Plant ] 2008; 53:237-47
PMID: 17999644
DOI: 10.1111/}.1365-313X.2007.03338.x

556

ABSTRACT

In animals, sorting of membrane proteins following their internalization from the
plasma membrane (PM) by endocytosis occurs through a series of different endosomal
compartments. In plants, how and where these sorting events take place is still poorly
understood and our current view of the endocytic pathway still largely relies on analo-
gies made from the animal system. However, extensive differences seem to exist between
animal and plant endosomal functions, as exemplified by the role of the trans-Golgi
network (TGN) as an early endosomal compartment in plants or the functional diversifi-
cation of conserved sorting complexes. By using the Arabidopsis root tip as a reference
model, we and other have begun to shed light on the complexity of the plant endocytic
pathways. Notably, we have recently characterized the functions of an endosomal
compartment, the SNX1-endosomes, also referred to as the prevacuolar compartment
(PVC) or multivesicular bodies (MVB), in the sorting of different cargo proteins, including
two related auxin-efflux carriers, PIN1T and PIN2. We have shown that routing decisions
take place at this endosomal level, such as the sorting of PIN2 toward the lytic vacuole
for degradation or PINT toward the PM for recycling.

THE ARABIDOPSIS ROOT TIP AS A TOOLBOX TO STUDY ENDOCYTOSIS IN PLANTS

Endocytosis has been discovered in intact plant tissues only recently and is nowadays
the center of much attention as a plethora of emerging functions are attributed to this
cellular process, such as the regulation of cell polarity, cell signaling or cell cytokinesis.!"!!
Our fast growing knowledge on plant endocytosis comes mainly from the recent avail-
ability of robust intracellular compartment markers, 681213 the discovery of cargo
proteins®>? 1113 and the use of trafficking inhibitors.1>71%13 A model of choice to
study endocytosis in plants is the Arabidopsis root tip as it revealed to be particularly
suitable for cell imaging and is readily accessible to drug and dye treatments. Indeed, the
sensitivity of root cells to the trafficking inhibitor Brefeldin A (BFA) was instrumental in
understanding plant endocytosis.” In root cells, BFA primarily interferes with endosomal
compartments,lA"/’14 whereas in most of the green tissues, it targets the endoplasmic
reticulum (ER)-to-Golgi traffic.12:14-16 Certain confusing results in the field of plant
endocytosis came from the fact that the same drug (e.g., BFA) may trigger different effects
depending on the cell type. For instance, Wortmannin (Wm) selectively targets MVBs
in Arabidopsis root tips,6’7 but targets both MVB and TGN compartments in tobacco
BY-2 cells.!”"!® Another example is the FM4-64 labeling, which has been widely used
as an endocytic tracer in plants.!340-10.1213,16,19-21 EM4_64 colocalizes with Golgi
bodies after 30 min of internalization in BY-2 cells,?® whereas it colocalizes only faintly
with Golgi compartments in the Arabidopsis root tip, even after longer exposure to the
dye (our unpublished observations and refs. 12 and 13).

Due to these variations in drug sensitivity, we decided to focus only on the Arabidopsis
root system and we produced a collection of Arabidopsis transgenic lines that express
fluorescent-tagged markers of intracellular compartments.>” This effort, combined with those
of other laboratories, enabled the establishment of stable, functional reporter lines for
almost all the intracellular compartments in the endocytic or secretory pathways (for
example see refs. 1,4,7,12 and Fig. 1A). This collection was used to analyze the sensitivity
of each intracellular compartment to different dyes or drugs, such as FM4-64, the sterol dye
filipin, BFA, Wm, Concanamycin A or Tyrphostin A23,1:61013 iy the same and unique root
model system. Finally, an obvious advantage of the Arabidopsis system is to allow the
combination of cellular with genetic or reverse genetic approaches.4812.16:22
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THE SNX1 MVB/PVC ENDOSOME IS INVOLVED BOTH IN THE
ENDOCYTIC AND SECRETORY PATHWAYS

The characterization of the Arabidopsis SORTING NEXINI
(SNX1), a putative phosphatidyl inositol-3-phosphate binding
protein, led us to the identification in Arabidopsis root cells of an
endosomal compartment, designated SNX1 endosomes, which colocal-
izes with two homologues of the mammalian Rab5 protein, named
RABF1 and RABF2b.” Interestingly, another endosomal protein,
GNOM,*7 was not found to colocalize with SNX1, indicating that
there are at least two distinct populations of endosomes in root cells,
the SNX1 endosomes and the GNOM endosomes. Furthermore, we
showed the SNX1 endosomes to be involved in the degradation of
the auxin-efflux carrier PIN2 during the gravitropism response.”-?3
Besides, BOR1, a PM boron transporter, also revealed to traffic
through SNX1 endosomes on its way to the lytic vacuole, where it
is degraded on high boron containing medium.®!! Altogether, these
data suggest that SNX1 endosomes are intracellular compartments
involved in the degradation of PM proteins in the lytic vacuole
following their internalization.

In BY-2 cells, the PVC/MVBs, which are labeled by the endocytic
tracer FM4-64, are involved in the routing of vacuolar proteins to the
vacuole.'® In Arabidopsis root tips, colocalization between SNXI1
and PVC markers, as well as results of drug treatment experiments
led us to conclude similarly that SNX1 endosomes are involved
in the routing of vacuolar proteins.® In tobacco protoplasts, the
BP80 vacuolar sorting receptor (VSR) was shown to undergo a
retrograde trafficking from the PVC back to the TGN.?4 This
finding was based on the effect of Wm, which inhibits the retrograde
trafficking of VSRs leading to their depletion at the TGN and their
routing to the vacuole.?* Interestingly, we found Wm to have basically
the same effect in Arabidopsis root tips in inhibiting the retrograde
trafficking of VSRs.® Thus, our data support a role for the SNX1
PVC/MVB endosome in routing proteins coming from the endocytic
or secretory pathway to the lytic vacuole or back to the TGN.®7

THE SNX1 PVC/MVB ENDOSOME AS A RECYCLING
COMPARTMENT

We have recenty found that the VACUOLAR PROTEIN
SORTING29 (VPS29) is localized in SNX1 endosome/PVC/MVB
in Arabidopsis roots.® In the 2ps29 loss-of-function mutant, SNX1
PVC/MVB endosomes have an abnormal morphology, whereas other
intracellular compartments, including the Golgi apparatus, TGN and
GNOM endosomes have a wild-type shape phenotype.® We found
that in vps29, the continuous cycling of PIN1 was inhibited and
that PIN1 then accumulated in the aberrant SNX1 PVC/MVB
endosome. PIN1 is extremely stable at the PM and this stability is
believed to depend on its continuous cycling.’ The observed inhibition
of PINT recycling in 2ps29 led to PIN1 instability at the PM and its
increased turnover.® Therefore, the analysis of the 2ps29 mutant
provides the first evidence for specific role of SNX1 PVC/MVB
endosome in the endocytic recycling of a PM protein.

Alrogether, our data indicate that in Arabidopsis roots, SNX1
PVC/MVB endosome can receive cargo proteins either from the
endocytic or secretory pathway and then redirect them toward the
vacuole, TGN or PM®8 (Fig. 1B). We propose that this compart-
ment is a major sorting platform in root cells to dynamically regulate
the localization and quantity of membrane proteins and, thereby, is
probably playing a key role in mediating cell polarity, cell signaling
and cytokinesis.
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Figure 1. Intracellular compartment markers and trafficking pathways in
Arabidopsis root cells. (A) Table indicating stably transformed Arabidopsis
lines expressing fluorescent intracellular compartment markers. In red, func-
tional fusion proteins under the control of their own promoter. (B) Schematic
representation of the endocytic pathways in Arabidopsis root cells. In red,
localization of proteins at their steady state; in orange, trafficking proteins;
red arrows, trafficking pathways from the SNX1 PVC/MVB endosome;
green arrows, frafficking pathways toward the SNX1 PYC/MVB endosome.
Note that PINT and part of PIN2 cycling are regulated by the GNOM
protein during the GNOM-endosome-to-SNX1-endosome pathway, and
by the VPS29 protein during the SNX1-endosometo-PM pathway. GNLI,
GNOM LIKET; a1, VHAaT; GN, GNOM:; Aleu, Aleurain.
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