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n plants, polar transport of the hor-

mone auxin between cells connects
cell polarity and pattern formation and
is thus required for plant development.
The direction of auxin transport is deter-
mined by polar localization of PIN auxin
efflux transporters. The dynamic polar
localization of PIN proteins depends on
constitutive endocytic recycling to and
from the plasma membrane. However, it
was not well understood how PIN polar-
ization is connected to regulators of cell
polarity. In a paper that was published in
the January issue of PLoS Biology, 2010
we described the involvement of the ROP
GTPase associated scaffold Interactor
of Constitutive active ROP 1 (ICR1)
in recruitment of PIN proteins to polar
domains in the plasma membrane. icr/
mutant plants and embryos have severe
developmental aberrations that are caused
by abnormal auxin distribution. ICR1
functions at or close to the plasma mem-
brane where it is required for exocytosis.
ICR1 transcription is quickly induced
by auxin but is post-transcriptionally
repressed at the site of stable auxin maxi-
mum in embryos and roots. Thus, ICR1
integrates auxin-regulated transcription
with ROP modulated cell polarity.

The plant hormone auxin is transported
between cells by a unique polar mecha-
nism resulting in formation of local auxin
maxima and gradients.! Auxin functions
through regulation of gene expression?
and its asymmetric distribution is required
for almost all developmental processes in
plants.!*

Directionality of auxin transport
depends on polar subcellular distribution
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of PINFORMED (PIN) family of efflux
transporters.”” PIN polarity is a result
of constitutive endocytic recycling that
requires the function of brefeldin A
(BFA)-sensitive  ADP  ribosylation fac-
tor GDP/GTP Exchange Factors (ARF
GEFs)'®!" and of clathrin and endosomal
Rab5/Ara7-regulated ~ endocytosis.”'>!?
Presumably, slow lateral diffusion of PIN
proteins in the membrane enables their
polarization by a constitutive endocytic
recycling machinery." However, how PIN
recycling is directed to result in their polar
distribution was largely unknown.

In eukaryotes, Rho superfamily small
GTPases function as master regulators of
cell polarity.” Plants have a single family of
Rho associated proteins called ROPs (Rho
of Plants) or RACs.'®V Previously, we
have identified a ROP interacting coiled
coil scaffold protein ICR1 (Interactor of
Constitutively active ROP 1) and showed
that it affects cell polarity.”® ICR1 inter-
acts with number of proteins, including
the octameric vesicle tethering exocyst
complex subunit SEC3A. It was shown
that ROPs could recruit ICR1 as well as
ICRI-SEC3A complexes to the plasma
membrane.'”® The primary root meristem
of 7erl mutant and RNA: silenced plants
collapses soon after germination,'® resem-
bling mutants affected in basal localiza-
tion of PIN proteins and multiple pin
loss-of-function mutants.! These data
suggested that ICR1 might form a link
between Rho-regulated cell polarity and
polar auxin transport.

In a recent publication,” we demon-
strated that ICR1 functions in recruitment
of PINs to polar domains in the plasma
membrane through its involvement in
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Figure 1. A model describing the possible involvement of ICR1 in recruitment of PIN proteins to
polar domains in the plasma membrane. ICR1 is composed of coiled coil domains and functions
as a scaffold that interacts with activated GTP-bound ROPs as well as other proteins.’®* Upon GTP
bindings, ROPs undergo transient S-acylation and consequent partitioning into lipid rafts.* Lipid
rafts are sterol-rich membrane domains. The involvement of sterols in PIN polarization has been
shown.? ICR1 can interact with the exocyst vesicle tethering subunit SEC3A and ROPs can recruit
ICR1-SEC3A complexes to the plasma membrane. In addition, ectopic expression of ICR1 results

in cellular deformation similar to that induced by constitutively active ROP mutants. Constitu-
tively active ROPs affect the organization of actin filament and microtubules.'®'”?¢ Thus, the ICR1
overexpression-induced cell deformation is likely associated with reorganization of the cytoskele-
ton." Collectively, ICR1 may regulate PINs recruitment to polar domains in the plasma membrane®
through its interaction with the exocyst complex. In addition, ICRT may affect ROP localization in
the membrane and consequently actin organization. The requirement for actin in the recruitment
of PINs to the plasma membrane has been shown."
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Figure 2. Post-trasncriptional repression of ICR1 expression around the root meristem coincides
with the site of the stable auxin maximum. (Left) Nomarsky differential interference contrast image
showing the distribution of auxin at the root tip (darker region) as detected with the auxin sensitive
marker DR5:GUS. (Right) ICRT promoter-driven expression of GFP fused to the genomic ICRT gene.
The image is a projection stack of multiple confocal scans taken through the middle of the root.

polarized secretion (Fig. 1). We further
demonstrated that ICR1 expression is
quickly induce by auxin but suppressed
at the site of the stable auxin maximum
at the root tip (Fig. 2). Our results imply
that ICR1 is part of an auxin-regulated
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feedback loop, integrating auxin mediated
gene expression with ROP-modulated cell
polarity.

To define the role of ICRI in plant
development, we examined auxin distri-
bution and the development of embryos,
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root columella cells and lateral roots
in icrl mutant plants. In addition, the
expression pattern of three transcriptional
regulators that define the root stem cell
niche; WUSCHEL related Homeobox
5 (WOX5) SCARECRAW (SCR) and
SHORTROOT (SHR),**?? was exam-
ined in icrl mutant embryos and roots.
Collectively, these analyses indicated that
in icrl mutants the basic genetic frame-
work that regulates embryo and root
development is present and that the root
meristem collapse, the altered organ devel-
opment, and changes in cell identities can
be attributed primarily to the compro-
mised auxin distribution.

Immuno-localization and GFP fusion
proteins showed basal to apical shift as
well as reduced recruitment to the plasma
membrane of PIN1 and PIN2 in icr/
mutants. BFA treatments caused accumu-
lation of PIN1 and PIN2 in BFA compart-
ments in both wild type and 7c7/ mutants.
However, BFA washout treatments showed
that recruitment of PIN2 to the plasma
membrane was slower in icrl. Interestingly,
ICR1 did not accumulate in BFA bodies,
in-line with previous data showing that its
recruitment to the plasma membrane is
ROP-dependent.'® Analysis of exocytosis
using a marker called secGFP* showed
that secretion is compromised in icr]
mutants. Collectively, these data indicated
that the Rab5/Ara7-dependent endocytic
recycling of PINs is unaffected in zc7l. The
data further suggested that ICR1 likely
functions in parallel to the BFA-sensitive
ARF-GEF GNOM in PINs recruitment
to the membrane (Fig. 1). It would now
be interesting to examine if and how the
ROP-ICR1-exocyst machinery regulates
PINs recruitment. Recruitment of PINs
to the membrane is actin-dependent'' and
ROPs are central regulators of actin orga-
nization and dynamics.'®" It is therefore
also possible that ICR1-ROP complexes
affect polarized recruitment of PINs
through actin (Fig. 1).

The pattern and regulation of ICR1
expression are remarkably interesting
and complement that analysis of the
icr] mutant phenotype (Fig. 2). ICRI is
expressed in tissues that transport auxin
but its expression is suppressed at the
site of the stable auxin maximum at the
root tip. Furthermore, ICR1 subcellular

Volume 5 Issue 6



localization becomes progressively polar-
ized away from auxin maximum. The
ICRI promoter
response element and its mRNA expres-

contains and auxin
sion is quickly induced by auxin. The sup-
pression of ICR1 expression at the site of
stable auxin maximum (Fig. 2) is likely
regulated by a post-transcriptional mecha-
nism, since expression of other reporters
under regulation of the /CRI promoter was
detected at this domain. Taken together,
these data indicated that expression levels
and subcellular localization of ICR1 play
a central role in regulation of asymmet-
ric auxin distribution. The stable auxin
maximum around the root stem cell niche
may facilitate a positive feedback loop that
maintains the repression of ICR1 expres-
sion and its distribution in the immediate
proximal and subtending cells. The results
from our work'®" suggest that ICR1 func-
tions as an auxin modulated scaffold that
facilitates compartmentalization of ROPs
and other proteins such as the exocyst
complex. This polarization machinery is
required asymmetric auxin distribution.
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