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Auxin is the first discovered hormone in plant. Auxin distribution 
is mediated through two distinct transport pathways: non-polar 
transport in the phloem and polar auxin transport in various 
tissues.1 There are two kinds of polar auxin transport carriers: 
auxin efflux carriers [PIN-FORMED (PIN) family] and auxin 
influx carriers [AUXIN-RESISTANT 1/LIKE AUX1 (AUX1/
LAX) family]. Plasma membrane (PM)-localized auxin carri-
ers are delivered to and recycled from the PM via endosomes.1 
Fungal toxin brefeldin A (BFA) is well known to block trafficking 
from recycling endosomes to the PM and induce endosomes to 
accumulate into so-called BFA compartments.2 In contrast with 
PIN1 completely accumulated in the root cells after BFA treat-
ment, prolonged BFA treatments did not affect AUX1 localiza-
tion at the PM, suggesting that AUX1 recycling endosomes are 
delivered to the PM in a BFA-independent manner.3 PAT carrier 
dynamics rely on microfilament organization.3,4 However, AUX1 
is more dependent on the intact microfilament (MF) organiza-
tion than PIN1.3 Latrunculin B (LatB)-mediated MF disruption 
led AUX1 accumulating in the root cells; but did not alter PIN1 
localization.3 It is less known on its regulation mechanism. Here, 
our data suggest that ARF-GTPase-activating proteins (GAPs) 
could regulate AUX1 endosomes dynamics through affecting 
MF organization.

The ARF-GAPs are a family of proteins that could inacti-
vate GTPase of small G protein ARF through inducing hydro-
lysis of GTP-bound ARF to GDP-bound ARF.5 Overexpression 
of OsAGAP could reduce the thickness and bundling of MF 
in rice and Arabidopsis root cells as compared with wild type.6 

Polar auxin transport (PAT) plays a critical role in the regulation of plant growth and development. Auxin influx carrier 
AUX1 is predominantly localized to the upper side of specific root cells in Arabidopsis. Overexpression of OsAGAP, an 
ARF-GTPase activating protein in rice, could induce the accumulation of AUX1. But the mechanism is poorly known. 
Here we reported that overexpression of ARF-GAP could reduce the thickness and bundling of microfilament (MF) which 
possibly could greatly interfere with the endocytosis of AUX1 early endosome; but not the exocytosis of AUX1 recycling 
endosome. Therefore, AFR-GAP overexpression suppressed-MF bundling is likely involved in regulating endocytosis of 
Auxin influx carrier AUX1 and in mediating auxin dependent plant development.
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And microtubules were not affected by OsAGAP overexpres-
sion.6 Consistently, AUX1 localization and trafficking rely on 
intact microfilaments instead of microtubules. And plant ARF-
GAPs are similar to animal ARF-GAPs, which also regulate MF 
organization.7

Trans-Golgi network (TGN) was proposed to act as an early 
endosome in plant.8 When the TGN marker, GONST1,9,10 was 
transformed into rice and Arabidopsis protoplasts, GONST1-
GFP accumulation was increased approximately 30% in pro-
toplasts overexpressing OsAGAP compared with controls.6 
The monoclonal antibody JIM 84 can recognize a carbohy-
drate residue in a small family of glycoproteins, and it was 
widely used as plant Golgi maker, and sometimes it was used 
as TGN marker.10-12 Golgi apparatuses, which were detected 
by monoclonal antibody JIM 84, accumulated slightly 
either in transgenic rice root cells or transgenic Arabidopsis  
(Fig. 1). Lipophilic dye FM4-64 is widely used as endocytic 
tracer in living cells and mainly stained early endosomes within 
30 min in plant.13 Endocytic trafficking of FM4–64-labeled early 
endosomes was promoted in the MF-disrupted root cells.6 And 
AUX1-YFP could partially colocalize with FM4-64-labeled ves-
icles of its internalization.6 This result suggested that the endo-
cytosis of AUX1 early endosomes may also be stimulated by MF 
disruption.

Fluorescence recovery after photobleaching (FRAP) experi-
ment was performed to examine any pattern change in exocytosis 
of AUX1 in the MF-disrupted cells. The recovery rate of fluores-
cence of AUX1-YFP in MF completely disrupted cells (20 μM) 
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Based on these results, we propose that MF acts a barrier to 
vesicle motility. And AUX1 early endosome was a novel traf-
ficking pathway distinct from the AUX1 recycling endosome 
(Fig. 2). MF could greatly interfere with the transport of AUX1 
early endosomes. When MFs in root cells were disrupted by 
LatB treatment or OsAGAP overexpression, the endocytosis 
velocity of AUX1 early endosomes is much faster than that 
of AUX1 recycling endosomes. Thus, we can see the AUX1 
accumulation in MF disrupted cells. Also, this model could 
explain why actin stabilization by the auxin transport inhibitor 
TIBA impairs vesicle motility in and out of cells.14 When MFs 
are thicker and more bundled after TIBA treatment, the cre-
ated barrier may be high enough to impair AUX1 trafficking. 
Considering PIN1 localization was not sensitive to MF disrup-
tion and the exocytosis of RLK-GFP was dramatically pro-
moted by RIC3-mediated actin depolymerization,15 we suggest 
that sensitivities to the MF organization of different organelles 
are different. ARF-GAP could mediate AUX1 endosome traf-
ficking in an actin-dependent manner to regulate auxin medi-
ated plant development.
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was only a little faster than in control. And lower concentration 
of LatB at 2 μM was not sufficient to promote the exocytosis.6 
Therefore, exocytosis of the AUX1 recycling endosome is not 
sensitive to MF disruption.

Figure 1. Golgi apparatuses and TGN in OsAGAP-overexpressed trans-
genic rice and Arabidopsis root cells. The monoclonal antibody JIM 84 
was widely used as Golgi maker, and sometimes it was used as TGN 
marker in plant. Immunofluorescent assay shows that Golgi apparatuses 
and TGN, which were detected by anti-JIM 84 antibody (Undiluted), ac-
cumulated in transgenic rice (A–D) and Arabidopsis (E and F) root cells. 
(C and D) show the magnification in the boxes of (A and B). OX-OsAGAP, 
OsAGAP-overexpressed transgenic line; CK, wild type. Bars = 10 μm.
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Figure 2. Working models for ARF GTPase-GAP mediated AUX1 endocytosis. Under normal condition (A) microfilaments (MFs) interfere with the endo-
cytosis of the auxin influx carrier AUX1 into early endosome, but exocytosis of the AUX1 via the recycling endosome is only slightly inhibited. OsAGAP 
regulates the organization of MF through reducing the thickness and bundling. When the MFs were disrupted by OsAGAP overexpression or by actin 
depolymerizer LatB (B), delivery of AUX1 early endosome from the PM to cytoplasm was greatly promoted; but AUX1 recycling endosome trafficking 
was only slightly affected. These combined actions result in induced aggregation of AUX1 in root cells.


