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Plant cytokinesis deploys a transport system that centers cell plate-
forming vesicles and fuses them to form a cell plate. Here we show
that the adaptin-like protein TPLATE and clathrin light chain 2
(CLC2) are targeted to the expanding cell plate and to the equa-
torial subregion of the plasma membrane referred to as the corti-
cal division zone (CDZ). Bimolecular fluorescence complementation
and immunodetection indicates that TPLATE interacts with cla-
thrin. Pharmacological tools as well as analysis of protein target-
ing in a mutant background affecting cell plate formation allowed
to discriminate two recruitment pathways for TPLATE and CLC2.
The cell plate recruitment pathway is dependent on phragmoplast
microtubule organization and the formation and transport of se-
cretory vesicles. The CDZ recruitment pathway, on the other hand,
is activated at the end of cytokinesis and independent of trans-
Golgi–derived vesicle trafficking. TPLATE and CLC2 do not accumu-
late at a narrow zone central of the CDZ. We have dubbed this
subdomain the cortical division site and show that it corresponds
precisely with the position where the cell plate merges with the
parental wall. These data provide evidence that the plasma mem-
brane is subject to localized endocytosis or membrane remodeling
processes that are required for the fusion of the cell plate with
a predefined region of the plasma membrane.
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Cytokinesis in plants, in contrast to that process in animals and
yeasts, starts with targeted secretion and fusion of vesicles

between the separated chromosomes at the center of the cell (1,
2). During the initial phases of plant cytokinesis, syntaxin-
mediated vesicle fusion, together with callose biosynthesis within
the fused vesicles, creates a transient membrane compartment at
the central plane of the phragmoplast microtubules (2). After
this initial stationary phase of cytokinesis, de novo microtubule
formation at the outer border, together with depolymerization of
microtubules at the center, allows the centrifugal expansion and
guidance of the cell plate toward the parental cell wall (3). An-
imal cells, but also yeasts, which, like plant cells, are enwound in
a polysaccharide wall, use a contractile actin ring that pulls in the
plasma membrane (PM) at the division plane by means of an
acto-myosin–based mechanism that involves the formation of
a cleavage furrow (4). This centripetal narrowing of the division
plane reaches a final point when the remaining gap is closed by
means of syntaxin-mediated membrane fusion, a process that was
designated as abscission (5).
Very little is known about membrane trafficking at the end of

eukaryotic cytokinesis (6, 7). In plants, this involves the con-
nection of the cell plate with the parental plasma membrane and
the maturation of the cell plate into a cell wall. Electron mi-
croscopic and mutant analysis revealed multiple finger-like fu-
sion tubes mediating cell plate anchoring and the importance of
a timely deposition of callose (2, 8).

TPLATE, a plant-specific proteinwith similarity to theAdaptin/
Coatomer proteins, was originally identified in a survey for
phragmoplast-targeted proteins (9) and was proposed to be rele-
vant for the final steps of plant cytokinesis because down-regula-
tion of tobacco TPLATE (NtTPLATE) in tobacco BY-2 cells
caused cell plate-anchoring defects (10).
Here we show that TPLATE colocalizes at the cell plate and at

the cortical division zone (CDZ) with CLC2 during cell plate
anchoring, whereas both proteins are specifically excluded from
the actual cell plate insertion site. TPLATE interacts with both
clathrin light chain 2 (CLC2) and clathrin heavy chain 1 (CHC1)
in bimolecular fluorescence complementation (BiFC) and with
Arabidopsis CHC by coimmunoprecipitation, pointing to a role
for TPLATE in clathrin-mediated endocytosis. Chemical and
genetic interference with cell plate recruitment of TPLATE and
CLC2 in BY-2 cells and Arabidopsis roots suggests that a specific
recruitment pathway acting at the CDZ is activated during an-
choring of the cell plate with the parental plasma membrane.
This pathway involves TPLATE and CLC2 and is differently
regulated compared with recruitment events occurring during
the initial phases of cell plate formation.

Results and Discussion
TPLATE Is Targeted to theCDZ.Previously, we showed that TPLATE-
GFP accumulated in the plasma membrane surrounding the in-
sertion site during anchoring of the cell plate in Arabidopsis root
cells (10). Time-lapse analysis in dividing BY-2 suspension cells
revealed the timely accumulation of TPLATE at the CDZ during
anchoring but before depolymerization of the phragmoplast
microtubules (Movie S1). The CDZ is marked by the kinesin
interacting with the A-type cyclin-dependent kinase CDKA;1
(KCA1), which accumulates in the plasma membrane in dividing
BY-2 cells and is specifically depleted at the CDZ following pre-
prophase band (PPB) breakdown (Fig. S1A). This zone, termed
the kinesin-depleted zone (KDZ), also corresponds to the actin-
depleted zone (ADZ) and the former position of the PPB, a ring of
microtubules encircling the premitotic nucleus. Together, the
ADZ, KDZ, and PPB specify the CDZ from prophase throughout
cytokinesis (11). Coexpression of TPLATE-RFP and GFP-KCA1
showed that TPLATE accumulates at the CDZ (Fig. S1B),
suggesting a complementary recruitment mechanism allowing
the accumulation of TPLATE and the exclusion or elimination
of KCA1.
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Detailed microscopic observations showed that TPLATE-GFP
marks the flanks of the CDZ but not the center that corresponds
to the exact site where the cell plate connects with the plasma
membrane (Fig. 1A). The uneven distribution of TPLATE-GFP
along the CDZ during the final steps in cytokinesis is illustrated
by fluorescence intensity plots of TPLATE-GFP and the lip-
ophylic dye FM4-64 (n > 30; Fig. 1A). FM4-64, callose, auxin-
induced in root cultures 9 (AIR9), and formin 5 (FH5) mark the
exact site where the cell plate connects with the PM (Fig. S1).
Coexpression of GFP-AIR9 and TPLATE-RFP shows that

GFP-AIR9 accumulates at the exact insertion site whereas
TPLATE accumulates at a region surrounding AIR9 (Fig. S1E).
To make a clear distinction between the two cortical plasma
membrane domains, a nomenclature is proposed here. The
cortical division site (CDS) refers to the site where the cell plate
connects with the parental wall and where TPLATE is absent,
whereas the CDZ refers to the site where TPLATE accumulates
and also corresponds to the position of the preprophase band,
the ADZ, and the KDZ (Fig. 1 and Fig. S1 A, B, D, and E). By
this definition, the CDZ corresponds to the initial broad Arabi-
dopsis TANGLED ring, which narrows down to a punctate signal
corresponding to the CDS during cytokinesis (12).

Clathrin Colocalizes and Interacts with TPLATE. Because endocytosis
is thought to occur at the CDZ following cell plate anchoring
(13), we speculated that clathrin would be specifically targeted to
the CDZ. CLC2 has been observed in dynamic foci at the cell
cortex together with dynamin proteins (14–16), and it binds
mammalian clathrin hubs, suggesting that it is a genuine factor of
clathrin-mediated endocytosis (17). We therefore determined
the subcellular distribution of CLC2 in dividing BY-2 cells.
In agreement with previous studies in Arabidopsis roots, CLC2-

GFP localized at the cell plate (Movie S2) (18–20). Coexpression
of TPLATE-GFP and CLC2-mCHERRY showed prominent
colocalization at the cell plate and at the CDZ shortly before
fusion of the cell plate with the parental wall (Fig. 1B; Fig. S2).
The cell plate localization of TPLATE and CLC2 was most pro-
nounced a few micrometers behind the leading edge of the
expanding cell plate (Fig. S2, red brackets;Movie S3). Subsequent
to fusion of the cell plate with the parental wall, TPLATE and
CLC2 disseminated from the CDZ and the cell plate (Movies S1–
S3). TPLATE and CLC2 are therefore not essential for initial
vesicular trafficking to the cell plate but rather are involved in
processes related to the maturation of the cell plate membrane.
The apparent colocalization suggests interaction between

TPLATE and the clathrin lattice. To determine the putative
binding of TPLATE and clathrin, we performed BiFC experi-
ments. TPLATE, CLC2, and CHC1 were fused to N- and/or C-

terminal halves of EGFP, and pair-wise interaction was analyzed
using transient Agrobacterium-mediated transfection of Nicotiana
benthamiana epidermal cells. N- and C-terminal fusions of
TPLATE, CLC2, and CHC1 with the N terminus of EGFP
(headGFP) were combined with C-terminal fusion proteins with
the C terminus of EGFP (tailGFP). Full-length fusion constructs
and free GFP were used as controls. An overview of the results is
shown in Table 1 and the corresponding representative images in
Fig. S3. In addition to the interaction between CLC2 and CHC1,
TPLATE interacted with CLC2 and CHC1 (Table 1 and Fig. S3).
Also, homo-dimerization of TPLATE, CLC2, and CHC1 could
be observed using this system. To confirm the observed in-
teraction between TPLATE and clathrin, coimmunoprecipitation
(co-IP) experiments were performed using a functional TPLATE-
GFP fusion protein in the homozygous tpl mutant background
(10) and an antibody against soybean CHC (21). Endogenous
Arabidopsis CHC was repeatedly detected by Western blotting in
the pull-down fraction of TPLATE-GFP (Fig. S4). Pull-down
experiments using 35S::GFP-MBD (microtubule binding domain
of MAP4) served as negative control. The low amount of clathrin
present in the co-IP experiments compared with the amount of
TPLATE in the pellet fraction suggests that the interaction be-
tween TPLATE and clathrin is weak or that processing of the
material causes dissipation of the interaction. BiFC, on the other
hand, may stabilize the TPLATE–clathrin interaction, which fa-
cilitates the detection of the complexed proteins.

Tyrphostin and Wortmannin Affect PM Recruitment of TPLATE. As
clathrin is a main component of endocytosis-related processes, we
anticipated that TPLATE would be involved in membrane traf-

Fig. 1. TPLATE and clathrin light chain accumulate at the CDZ
during cell plate anchoring. (A) TPLATE-GFP expressing BY-2
cell stained with FM4-64 during cell plate anchoring and
corresponding fluorescence intensity profile (TPLATE-GFP,
green; FM4-64, red) along the plasma membrane spanning
the division zone (white line). TPLATE-GFP accumulates in the
plasma membrane of the division zone with reduced fluo-
rescence intensity at the insertion site (peak of FM4-64 signal).
(B) Colocalization of TPLATE-GFP (green) and CLC2-mCHERRY
(white) with corresponding fluorescence intensity profiles
(TPLATE-GFP, green; CLC2-mCHERRY, white) spanning the di-
vision zone (white line). TPLATE and CLC2 colocalize at the cell
plate and the plasma membrane of the division zone with
reduced fluorescence intensity at the insertion site. (Scale
bars: 10 μm).

Table 1. Overview of BiFC interactions between TPLATE, CLC2,
and CHC1

BiFC combination TPLATE-tailGFP CLC2-tailGFP CHC1-tailGFP

TPLATE-headGFP + + +
HeadGFP-TPLATE + + +
CLC2-headGFP + + +
HeadGFP-CLC2 + + +
CHC1-headGFP – + –

HeadGFP-CHC1 – – +

Pairwise interaction analysis between TPLATE, CLC2, and CHC1 was tested
by BiFC via transient Agrobacterium-mediated transfection of Nicotiana
benthamiana leaf epidermal cells. Positive interactions are marked with
a plus sign; combinations for which no interaction was detected are indi-
cated with a minus sign.
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ficking or membrane remodeling. In Arabidopsis roots, TPLATE-
GFP labels the PM in a punctate manner (10) (Fig. S5). We
analyzed the localization of TPLATE under conditions that block
internalization of FM4-64 as readout of inhibited endocytosis.
Tyrphostin A23 is an inhibitor of the loading of cargo into
clathrin-coated vesicles (22, 23). It was shown to affect the dy-
namics and foci number of several Arabidopsis dynamin proteins
at the PM (14, 16) and to inhibit internalization of FM4-64
in BY-2 (24). FM4-64 internalization can also be reduced by
Wortmannin, a specific inhibitor of the phosphatidylinositol
3-kinase (25).
In Arabidopsis root cells expressing a genomic fusion of

TPLATE-GFP, Tyrphostin A23 specifically inhibited FM4-64
uptake at concentrations of 75 and 100 μM (Fig. S5 B-D), which
resulted in a strong decrease of TPLATE recruitment to the PM
(Fig. S5 A and E). Wash-out experiments restored PM recruit-
ment of TPLATE and FM4-64 internalization, indicating that
the drug treatment did not permanently damage membrane
trafficking in seedlings (Fig. S5G). Wortmannin (30 μM) also
resulted in a block of FM4-64 internalization and caused re-
duction of TPLATE PM recruitment (Fig. S5I). The strong re-
duction of PM labeling of TPLATE under conditions that block
FM internalization by drugs that are known to affect endocytosis
argues for a role for TPLATE in this process.

TPLATE and CLC2 Are Similarly Recruited to the CDZ and Cell Plate. To
determine the mechanism by which TPLATE and CLC2 are
targeted, we applied drugs that could potentially interfere with
their recruitment to the cell plate and CDZ. Propyzamide (6 μM)
and Latrunculin B (20 μM) were used to assess the involvement
of the cytoskeleton in TPLATE recruitment, and caffeine (5 mM)
was used as a cytokinesis drug (26). Latrunculin B (Lat B) added
to BY-2 cells during metaphase did not interfere with the pro-
gression of cytokinesis and did not affect the recruitment of
TPLATE to the cell plate or the CDZ (n=5). Lat B sensitive actin
filaments are therefore not essential for TPLATE recruitment.

Propyzamide added to BY-2 cells immediately after cell plate
initiation blocked cell plate expansion completely and instantly
(n = 2; Fig. S6). The fraction of TPLATE recruited to the early
plate remained bound despite the absence of phragmoplast micro-
tubules. TPLATE did not accumulate further into the cell plate
nor was it recruited to the CDZ, indicating that intact microtubules
are not required for the membrane association of TPLATE; how-
ever, intact microtubules and/or phragmoplast expansion are re-
quired for TPLATE recruitment to the CDZ.
Caffeine is well known to disrupt cell plate consolidation,

resulting in cytokinesis defects and aberrant cell plate formation
in multicellular plants, but the underlying mechanisms affected
are not uncovered (26–29). Time-lapse observation of cytoki-
nesis using interference contrast and fluorescence microscopy of
FH5-GFP expressing BY-2 cells showed that application of
caffeine (5 mM) slowed down centrifugal plate expansion, but it
did not prevent cytokinesis from taking place (Fig. S7A) in
agreement with previous data (30). Also, caffeine-treated BY-2
cells incorporated FM4-64 in the cell plate (Fig. S7D), and
CLC2-GFP accumulation at endosomal compartments was sim-
ilar to nontreated cells (Fig. 3 and Fig. S8).
These observations indicate that caffeine does not have a gross

impact on membrane trafficking and does not interfere with the
transport of cell plate-forming vesicles to the cell plate. To ad-
dress the question of whether caffeine treatment affected re-
cruitment of TPLATE and CLC2, we treated TPLATE-GFP
(n = 14)- and GFP-CLC2 (n = 13)-expressing BY-2 cells with
caffeine and observed cytokinesis until cell plate anchoring (Fig.
2). Remarkably, TPLATE and CLC2 dissociated from the cell
plate within minutes following caffeine treatment (Fig. 2 and Fig.
S8). Cell plate expansion occurred without recruitment of
TPLATE and CLC2 to the cell plate in almost all cells monitored
(Fig. 2 B and D), indicating that the central cell plate localization
of neither of these proteins is essential for cell plate expansion
under these conditions. Following the fusion of the cell plate with
the parental wall, TPLATE and CLC2 were recruited specifically

Fig. 2. In the presence of caffeine, TPLATE and CLC2 are recruited to the CDZ upon anchoring of the cell plate. (A) Time-lapse photos of a GFP-CLC2–
expressing BY-2 cell, treated with 5 mM caffeine at anaphase (t = 0 min) and followed throughout cytokinesis. The cell plate localization of GFP-CLC2 is highly
sensitive to caffeine whereas the punctate endomembrane localization of GFP-CLC2 remains unaffected. Accumulation of GFP-CLC2 upon contact of the cell
plate with the plasma membrane (white box) is followed by the centripetal reappearance of fluorescence at the cell plate. GFP-CLC2 also accumulates at the
opposite side of the plate upon anchoring (arrow). (B) Quantification of the caffeine sensitivity of CLC2. Of a total of 14 cells followed through cytokinesis, 12
cells lost CLC2 signal at the cell plate followed by reappearance during anchoring whereas 2 cells were insensitive to the treatment. (C) Time-lapse photos of
a TPLATE-GFP–expressing BY-2 cell, treated with 5 mM caffeine during the initial stage of cell plate formation. Cell plate accumulation of TPLATE-GFP is rapidly
lost and returns at the division zone upon anchoring (white box), followed by centripetal reappearance of fluorescence at the cell plate. Fluorescence returns
at the opposite side during anchoring (arrow). (D) Quantification of the caffeine sensitivity of TPLATE. Of a total of 14 cells followed through cytokinesis, 13
cells lost TPLATE signal at the cell plate followed by reappearance during anchoring and 1 cell was insensitive to the treatment. (Scale bars: 10 μm).
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to the CDZ (Fig. 2 and Fig. S7E). Subsequently, the TPLATE
and CLC2 GFP fluorescence accumulated first at the cell plate
border and then along the plate as a centripetal wave toward the
center of the cell plate (Fig. 2). The gradual increase of TPLATE-
GFP and GFP-CLC2 at the midplane can be the result of either
migration from the plasma membrane into the cell plate or direct
cell plate recruitment from the cytoplasm following a signal
coming from the CDZ. Recruitment at the CDZ and migration
into the cell plate or simple diffusion from the PM to the an-
chored cell plate would, however, require a constitutive presence
of TPLATE and CLC2 at the CDZ, which is not the case (Fig. 2).
Therefore, cell plate recruitment is likely caused by a centripetal
signal activated upon anchoring.
To determine the specificity of the caffeine effect, we analyzed the

behavior of three peripheral cell plate markers: GFP-KCA1, FH5-
GFP, and a biosensor for phosphatidylinositol 4-phosphate (11, 31,
32). Themicrotubulemotor proteinKCA1, the formin FH5, and the
pleckstrin homology domain of the human phosphatidylinositol-4-
phosphate adaptor protein-1 (FAPP1; mVENUS–PHFAPP1) did
not delocalize upon caffeine treatment (Fig. S7). Also phragmo-
plastin, a soybean dynamin-related protein that has been implicated
inmembrane recycling at the cell plate, has been reported to remain
bound to the cell plate in the presence of caffeine (30).
Our observations together with the phragmoplastin data show

that caffeine affects only a subpopulation of the cell plate pe-
ripheral proteins that include TPLATE and CLC2. Although
TPLATE and CLC2 recruitment to the central cell plate is se-
lectively altered by caffeine, recruitment to the CDZ is not. This
indicates the existence of two distinct recruitment pathways ac-
tive during plant cytokinesis: one implicated in central cell plate
formation, which is sensitive to caffeine, and another in cell plate
anchoring, which is caffeine-insensitive.
Caffeine has been reported to cause cytokinesis defects in

planta, which are dependent on the timing of drug addition and
on the concentration used (26–30). The cytokinesis defects ob-
served in BY-2 are likely caused by a defect in plate consolidation
as caffeine does not disrupt initial vesicle fusion events but affects
the fuzzy-coat formation and budding of clathrin-coated vesicles
(26). This is in agreement with the very fast cell plate dissociation
of CLC2-GFP upon caffeine application (Fig. S8). We evaluated
the effect of caffeine on Arabidopsis roots expressing the genomic
fusion of TPLATE-GFP (10) and 35S::CLC2-GFP (16). Cell
plate recruitment of TPLATE and CLC2 during cytokinesis
gradually increased during plate expansion as compared with the
endocytic tracer FM4-64 (Fig. 3 A–H). In Arabidopsis, TPLATE is
primarily recruited to the PM and the cell plate, in contrast to
CLC2, which also accumulates at endosomal compartments (Fig.
3). Similar to the caffeine effect on BY-2 cells, TPLATE and
CLC2 recruitment in Arabidopsis roots is abolished during early
cell plate formation (Fig. 3 I and J). PM targeting and recruitment
of CLC2 to endosomal compartments was not affected (Fig. 3 N–
O). Both proteins were also specifically recruited to the periphery
of FM-stained fused cell plates (Fig. 3 K and L). Caffeine treat-
ments exceeding 2 h caused the disintegration of the central part
of the cell plate, resulting in cell wall stubs. Also in these cells,
TPLATE was observed to accumulate specifically at the CDZ
before cell plate recruitment (Fig. 3M, arrow). Thus, concerning
the dynamics of TPLATE targeting, caffeine had similar effects in
Arabidopsis roots as in tobacco BY-2 cells, corroborating two
independent TPLATE/CLC2 recruitment pathways—one at the
cell plate and one at the CDZ.

CDZ Recruitment of TPLATE Occurs in the Absence of Trans Golgi
Network (TGN) Trafficking. As TPLATE was specifically recruited
to the CDZ during cell plate anchoring in BY-2 and Arabidopsis
(Fig. 4A and Fig. S2), we subsequently evaluated the interde-
pendence of the central plate and CDZ recruitment pathways by
a genetic approach that eliminates central cell plate formation
through conditional inactivation of endoplasmic reticulum (ER)-

to-Golgi trafficking. Blocking ER-to-Golgi trafficking in the Ara-
bidopsis gnom-like1 (gnl1-1) guanine-nucleotide exchange factor
for ADP-ribosylation factor GTPases (ARF-GEF) mutant back-
ground with the fungal toxin Brefeldin A (BFA) causes the in-
ability to form cell plates and leads to the formation of cell wall
stubs (33–35). Cytokinesis was observed in root segments of gnl1-1
Arabidopsis seedlings expressing the genomic TPLATE-GFP fu-

Fig. 3. Central cell plate recruitment of TPLATE-GFP and CLC2-GFP in Ara-
bidopsis root cells is sensitive to caffeine in contrast to recruitment during
anchoring. (A–H) Representative images of TPLATE-GFP (A, C, E, and G) and
CLC2-GFP (B, D, F, and H) localization during the different phases of cyto-
kinesis in nontreated roots stained with FM4-64. TPLATE and CLC2 are ab-
sent from very young cell plates (A and B) and gradually accumulate into the
expanding plates (C–H). (I–L) Representative images of TPLATE-GFP and
CLC2-GFP localization after 2 h treatment with caffeine (5 mM). Both TPLATE
and CLC2 are excluded from unattached cell plates (I and J) and accumulate
at the outer rim of the cell plate after anchoring (K and L, arrows) when the
cell plate membrane is still continuous as visualized by FM. (M) Specific ac-
cumulation of TPLATE-GFP at the CDZ (arrow) with reduced intensity at the
cell plate insertion site when prolonged treatment with caffeine leads to
destruction of the cell plate. (N and O) Epidermal section of CLC2-GFP (N)
and TPLATE-GFP (O) showing that interphase cell localizations of both pro-
teins remain unaffected by caffeine treatment. (Scale bars: 10 μm).
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sion. TPLATE recruitment to the PM is not sensitive to BFA (Fig.
4 C and D). After BFA treatment of gnl1-1, TPLATE-GFP no
longer accumulated at the midplane of dividing cells, but still as-
sociated with the CDZ (Fig. 4E). Extended incubation of gnl1-1
seedlings with BFA led to strong TPLATE-GFP labeling of cell
wall stubs in dividing root cells (Fig. 4 F and G). Formation of cell
wall stubs has previously been reported for gnl1-1 treated with BFA

and is likely independent from TGN secretion (33). In agreement
with this, Concanamycin A, an inhibitor of the V-ATPase block-
ing TGN trafficking, also causes cell wall stubs (33) to which
TPLATE was specifically recruited (Fig. 4 H and I). These experi-
ments affirm the presence of two independent recruitment path-
ways for TPLATE in Arabidopsis. The excessive accumulation
of TPLATE-GFP at the cell wall stubs may be a consequence of
the prolonged activation of the centripetal recruitment pathway
resulting in abnormally large and thick stubs. Reduced endocytosis
in the cyclopropylsterol isomerase1-1 (cpi1-1) mutant results in the
accumulation of the cytokinetic syntaxin KNOLLE at the CDZ
(13), similar to what was observed for TPLATE. To address
whether TPLATE membrane recruitment is sensitive to reduced
levels of sterols, we crossed the genomic fusion of TPLATE-GFP
into CPI11-1/cpi1-1 and identified homozygous cpi1-1 mutants
expressing TPLATE-GFP in the next generation by segregation of
the cpi1-1 phenotype and screening for the presence of fluores-
cence. Homozygous cpi1-1 mutants showed strongly misregulated
patterning of cells and cytokinesis defects, yet TPLATE was
recruited to the PM (Fig. 4L) and the CDZ (Fig. 4N), similarly
to wild-type (Fig. 4A) and heterozygous cpi1-1 mutants (Fig. 4J).
Therefore, TPLATE targeting does not depend on CPI-controlled
composition of sterols in the plasma membrane.

Concluding Remarks. The presence of clathrin on membranes is
generally associated with endocytotic activity (14–16, 18–20, 36–
38). Enhanced endocytosis of FM4-64 was reported and clathrin-
coated pits were recorded in close association with the PM un-
derlying the preprophase band (39, 40), which corresponds to the
CDZ throughout cytokinesis. Expression of a dominant-negative
CHC in BY-2 cells suppressed endocytosis and resulted in forked
cell plates anchoring outside the CDZ (20). Inhibition of
TPLATE activity in BY-2 cells by means of RNAi also caused
inadequate anchoring of the cell plate but did not affect initial cell
plate formation (10). At this point, there is no direct evidence
supporting a role for clathrin-dependent endocytosis in cell plate
anchorage, and the observed specific recruitment of TPLATE
and CLC2 to the CDZ could also serve to remodel the PM at the
CDZ before anchoring. Recent experiments by Boutté and cow-
orkers (13) show that genetic or pharmacologically altered plant
sterol composition is required to prevent lateral diffusion of the
cytokinesis-specific syntaxin KNOLLE (41) into the CDZ at the
end of cytokinesis. The striking similarity between the accumu-
lation of KNOLLE at the CDZ when endocytosis is impaired, the
interaction of TPLATE with clathrin, the structural resemblance
of TPLATE with large adaptin subunits, and the specific accu-
mulation of TPLATE and CLC2 during cell plate anchoring
favors the hypothesis that TPLATE plays a role in clathrin-me-
diated endocytosis. The pharmacological and genetic evidence
presented here shows that there are two differently regulated
pathways of endocytotic recruitment during plant cytokinesis: one
at the central cell plate during the early phases of plant somatic
cytokinesis and one that is activated at the CDZ during anchoring
of the cell plate with the mother wall. TPLATE may play a role in
trafficking events leading to cell plate maturation/consolidation,
a process that involves both cell wall synthesis and PM identity
establishment following cytokinesis. The existence of a centripetal
recruitment pathway shows similarity to centripetal accumulation
of several exocyst components at the cell plate following cytoki-
nesis (42). Although speculative at this stage, TPLATE could be
part of a mechanism counterbalancing exo84-dependent exo-
cytosis events occurring during cell plate maturation. The future
task will be to identify and characterize interactors of TPLATE to
gain insight into the components involved in CDZ and cell plate
membrane recruitment.

Materials and Methods
A detailed description is provided in SI Materials and Methods.

Fig. 4. TPLATE-GFP accumulates at cell wall stubs in the Arabidopsis gnl1-1
mutant treated with BFA similar to Concanamycin A treatment but locali-
zation is not altered in the cpi1-1 background. (A) Untreated Arabidopsis
root cell showing specific recruitment of TPLATE-GFP to the CDZ during cell
plate anchoring independent of cell plate recruitment (arrowhead). (B) FM4-
64 staining of the cell in A showing that the plate has contacted the PM and
that the TPLATE-GFP label at the cell plate is absent from the outer rim of
the plate. (C and D) Single section through a root expressing a genomic
TPLATE-GFP treated with BFA (50 μM) and stained with FM4-64. TPLATE
remains present at the PM and does not accumulate in BFA bodies (arrows in
D). (E–G) Root epidermal cells of a gnl1-1 seedling expressing a genomic
construct of TPLATE-GFP treated with 25 μM BFA. (E) Single plane confocal
section of a dividing cell. TPLATE localizes to the plasma membrane and CDZ
(arrowhead) but is absent between the reforming daughter nuclei. (F and G)
Overview and close-up of gnl1-1 root epidermal cells showing TPLATE
accumulation at cell wall stubs (white boxes, arrows). (H and I) TPLATE ac-
cumulation at cell wall stubs (arrows) in seedlings treated with 2 μM Con-
canamycin A. (J–O) Localization of a genomic TPLATE-GFP fusion in the cpi1-
1 background stained with FM4-64. (J and K) TPLATE localization in the
heterozygous cpi1-1 background. (L–O) TPLATE-GFP in the cpi1-1 mutant
background. The cpi1-1 mutant shows altered division planes and cell wall
stubs (arrowhead and arrow in L), yet TPLATE localization remains present at
the PM (L) and the CDZ (arrow in N) in this background. (Scale bars: A, B, G,
N, and O, 5 μm; C–F and H–M, 10 μm).
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Cloning of Constructs. TPLATE-GFP, FH5-GFP, GFP-MBD, RFP-TUA2, GFP-AIR9,
and GFP-KCA1 are described elsewhere (9, 11, 31, 43–45). The Agrobacterium
strain containing 35S::mVENUS-PHFAPP1 (32) was a kind gift from Joop-
Vermeer (University of Lausanne, Lausanne, Switzerland).

Plant Material. Stable BY-2 transformation was carried out as described by
Geelen and Inzé (46). The Arabidopsis line expressing 35S::CLC2-EGFP is
described elsewhere (16). Arabidopsis plants expressing a genomic construct
of TPLATE fused to GFP (10) were crossed with homozygous gnl1-1 plants
(34) and heterozygous cpi1-1 plants (47).

Transient Expression of BiFC Constructs. Wild-type Nicotiana benthamiana
plants (3–4 wk old) were used to transiently express the various BiFC
construct combinations by Agrobacterium tumefaciens (strain LBA4404)-
mediated transient transformation of lower epidermal leaf cells as pre-
viously described (48).

Chemical Treatments. Stock solutions were prepared of BFA (50 mM in DMSO,
1000–2000× stock; Molecular Probes), propyzamide (6 mM in DMSO, 1000×
stock; Chem Service Inc.), caffeine (500 mM in water, 100× stock; Sigma
Aldrich), Concanamycin A (2 mM in DMSO, 1000× stock; Sigma Aldrich),
aniline blue (0.5% in water; Sigma Aldrich), Latrunculin B (20 mM in DMSO,
1000× stock; Sigma Aldrich), Tyrphostin A23 and A51 (50 mM in DMSO,

1000–500× stock; Sigma Aldrich), Wortmannin (20 mM in DMSO, 666×
stock; Sigma Aldrich), and FM4-64 (2 mM in water, 500–250× stock;
Molecular Probes).

Confocal Microscopy. Image acquisitionwas obtainedwith either a Zeiss 100M,
an Olympus FluoView1000, or a Zeiss 710 inverted confocal microscope.

GFP-Based Coimmunoprecipitation and Western Blotting. Total protein
extracts were obtained from liquid nitrogen-ground 6-d-old Arabidopsis
seedlings, and co-IP was performed using GFP-Trap_A agarose beads
(Chromotek). Protein detection after Western blotting was done with the
Living Colors A.v. Monoclonal GFP antibody (1/5000) (JL-8; Clontech) or the
soybean CHC antibody (1/500) (sc-57684; Santa Cruz Biotechnology).
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