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lant ATP-binding cassette (ABC)

transporters consist of largest family
members among many other membrane
transporters and have been implicated
in various functions such as detoxifica-
tion, disease resistance and transport of
diverse substrates. Of the ABC-B/multi-
drug resistance/P-glycoprotein (ABCB/
MDR/PGP) subfamily, at least five
members have been reported to medi-
ate cellular transport of auxin or auxin
derivatives. Although single mutant
phenotypes of these genes are milder
than PIN-FORMED (PIN) mutants,
those ABCBs significantly contribute
for the directional auxin movement in
the tissue-level auxin-transporting assay.
Uniformly localized ABCB proteins in
the plasma membrane (PM) are generaly
found in different plant species and sta-
bly retained regardless of internal and
external signals. This implies that these
ABCB proteins may play as basal auxin
transporters.

Auxin is a key hormone regulating plant
growth and development. Auxin gradients
formed by directional auxin transport
are critical for the biological functions of
auxin. Directional auxin transport and
auxin gradient formation across tissues are
accomplished by cooperation of different
auxin transporters. So far, three types of
auxin transporters have been reported;
AUXIN RESISTANT 1/LIKE AUXIs
(AUX1/LAXs) as auxin influx carriers,
PINs and ABCB/MDR/PGPs as auxin
efflux carriers."?

The plant ABCB subfamily includes
21 members in three clusters. These trans-
porter proteins consist of two similar
halves connected by a linker in which each
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half contains a transmembrane domain
(TMD) and a nucleotide-binding domain
(NBD).> Among the ABCB subfamily,
ABCBI, ABCB4 and ABCBI19 have been
well characterized as auxin transporters.”
However, recent studies showed that other
ABCBs like ABCB14 and ABCBI5 also
are associated with polar auxin transport.’
All PINs are involved in auxin transport
and share functional similarity within
the subgroup. However, only a subset of
ABCBs has been reported to transport
auxin, and those auxin-transporting
ABCBs (AT-ABCBs) do not belong to the
same phylogenetic clade; namely, ABCBI,
ABCB14 and ABCB19 to clade I, ABCB4
to clade II, and ABCBI5 to clade II1.

Single mutants of AT-ABCBs gener-
ally show milder phenotypes than those of
PINs. The mdrl mutants showed epinasty
of cotyledons and first true leaves and
waviness in hypocotyl and roots.® Defects
of ABCB4 grew longer root hairs than
wild type,” and the abcb14 mutants exhib-
ited slightly altered vascular development
in the florescence stem.’ The abcbl abchb19
double mutant showed a dwarfism.® In the
auxin transport assay using Arabidopsis
root hairs,® root-hair-specifically overex-
pressed AT-ABCBs mildly reduced root
hair growth, whereas overexpression of
PINs, except PIN5, showed great effects
on root hair inhibition.”? Based on the
fact that auxin positively regulates root
hair growth, ABCBI, 4, and 19 seem to
have lower auxin-exporting capability
than PINs.

Despite their relatively weak auxin-
exporting activity in root hair cells, sin-
gle mutations of AT-ABCBs considerably
affected polar auxin transport. ABCB19
localizes to the vascular tissues of the
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Figure 1. Expression and contribution of ABCB proteins for the polar auxin transport.

hypocotyl and to the stele of the root.!
ABCB19 localization in the apical tissues
suggests its role for auxin loading into the
basipetal stream in both shoot and root
tips.! ABCB14 and ABCBI5 also localize
mainly to the vascular tissues of the inflo-
rescence stem and affect polar auxin trans-
port in those tissues.” Conversely, ABCB1
and ABCB4 facilitate shootward auxin
transport. ABCBI expresses in the stele tis-
sues of the root apical region (between the
lateral root cap and the elongation zone)
and in root cortical and epidermis cells
and is involved in loading and transport
of auxin into the shootward stream from
the root apex.”” ABCB4, being expressed
in the root epidermis, also mediates shoot-
ward auxin transport (Fig. 1)."

Mutants of abcb19 and abcbl abcbl9
reduced the rootward auxin transport
more greatly than did pinl!? This is
consistent with the observation that mis-
localized ABCB proteins in the rwdl
(TWISTED DWARFI) mutant displayed
only 14% of wild-type polar auxin trans-
port activity."® Considering the non-polar
property of ABCB19, this result is intrigu-
ing. The recent report suggests a model
how ABCB19 affects PIN-mediated direc-
tional auxin transport. ABCBI19 local-
izes to the detergent-resistant membrane
(DRM) of the PM where sitosterol and
glucosylceramide are abundant."* ABCB19
does not alter the polar localization of
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PIN1 but stabilizes PIN1 in the DRM."
Titapiwatanakun et al. suggested that
ABCBI19 defines the discrete membrane
structure such as DRM and provides a
platform for stable PIN1 localization so
as to affect the PIN trafficking and func-
tion." In the #bcb19 mutant, the endocytic
tracer FM4-64 was more diffusive than in
wild type, and brefeldin A (BFA) bodies
including PIN1 did not fully disappeared
even after BFA washout." These observa-
tions imply that ABCB19, in addition to its
direct auxin transport activity, might have
other function in maintaining the mem-
brane structure for PINI. Destabilization
of PIN1 by the loss of ABCB19 showed
overall less polar auxin transport activity
than did the pinl mutant.* PIN localiza-
tion is sensitively affected by sterol com-
position (Fig. 2).'® A recent study has
suggested that clustering of PIN proteins
in the PM is important to maintain their
polarity in addition to super-polar exocy-
tosis and endocytosis.”” PIN2 is associated
with the cluster at the lateral side of PM
to prevent lateral diffusion.” Filipin, the
sterol-binding agent, reduced PIN2 clus-
tering and subsequently increased lateral
diffusion.”” This result implies that sterols
contribute for maintaining PINs polarity
and their function as well. DRM is the
sterol-rich PM compartment which can
be disturbed by filipin and cyclodextrin.
Other ABCB proteins as well as ABCB19
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might play a role for the association of
PINGs into the cluster and/or are possibly
involved in intracellular distribution and
transport of sterols into the PM, which
will ultimately contribute to confine the
discrete microdomains. It has been dem-
onstrated in yeast that sterol transport
from ER to PM by ABC proteins regu-
lates sterol compositions in the PM.'®V
Interestingly, ABCB14 has been known
as a malate importer modulating stomatal
movement in guard cells.? Furthermore,
ABCB4 has recently been suggested to be
a target of herbicidal activity by 2,4-D, a
non-competitive inhibitor of TAA trans-
port.?! These results open the possibility
that ABCB proteins have multiple molec-
ular functions.

ABCB proteins localize to the PM
largely in a non-polar manner. While
PINs trafficking pathways have been
intensively studied due to their polar local-
ization dynamicity in response to develop-
mental and environmental cues, ABCBs
trafficking pathways have been relatively
less investigated. ABCB1, ABCB4 and
ABCBI19 require TWDI for their target-
ing to the PM.?> However, once they have
targeted to the PM, AT-ABCBs stably
anchor in the PM and barely change their
localization in response to internal and
external cues. AT-ABCBs’ stability in the
PM and differential regulatory mecha-
nisms are supported by their resistance to
BFA and non-recycling nature between
PM and ecarly endosomes.”** However,
ABCB4 has recently been shown to share
the degradation pathway with PINs
but with much slower endocytic rate.
Uniformly localized and non-dynamic
AT-ABCB proteins may serve as basal
auxin transporters for the regulation of
cellular auxin homeostasis and fine tuning
of auxin distribution by working together
with PINs. Highly conserved structures
of AT- ABCBs throughout the plant and
their weak auxin-exporting activities sup-
port this hypothesis.!

ABCBI1, ABCB4 and ABCBI19, albeit
with the structural similarity with human
MDRs, have been known to facilitate
auxin transport. ABCB14 and ABCBI5
also have been additionally known to
mediate auxin transport. These imply that
more ABCB proteins could be involved
in auxin transport. On the other hand,
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functional activities of ABCB4, ABCB14
and ABCBI19 other than auxin transport
have also been demonstrated. This raises a
question whether AT-ABCB proteins had
originally evolved as auxin transporters
or they had gained the function later. To
more accurately understand the contribu-
tion of AT-ABCB proteins in auxin trans-
port, other ABCB family proteins also
need to be functionally characterized.
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