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Rab11-FIP3 localises to a Rab11-positive pericentrosomal
compartment during interphase and to the cleavage furrow
during cytokinesis
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Abstract

The Rabl1-family interacting protein 3 (Rab11-FIP3), also known as Arfophilin and Eferin, is a Rab11 and ADP-ribosylation
factor (ARF) binding protein of unknown function. Here, we sought to investigate the subcellular localisation and elucidate the
function of Rabl1-FIP3 in eukaryotic membrane trafficking. Utilising a polyclonal antibody specific for Rab11-FIP3, we have
demonstrated by immunofluorescence microscopy that Rab11-FIP3 colocalises with Rab11 in a distinctive pericentrosomal location
in A431 cells. Additionally, we found that Rab11-FIP3 localises to punctate vesicular structures dispersed throughout A431 cells.
We have demonstrated that both Rabl1 and Rabl1-FIP3 localise to the cleavage furrow during cytokinesis, and that Rabl1-FIP3
localisation is dependent on both microtubule and actin filament integrity. We show that Rab11-FIP3 does not enter brefeldin A
(BFA) induced membrane tubules that are positive for the transferrin receptor (TfnR). Furthermore, we show that expression of an
amino-terminally truncated mutant of Rab11-FIP3 (Rab11-FIP3 44 755)) does not inhibit transferrin (Tfn) recycling in HeLa cells. It
is likely that Rab11-FIP3 is involved in trafficking events other than Tfn trafficking; these may include the transport of endosomally

derived membrane to the cleavage furrow during cytokinesis.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Rabl1-FIP3; Arfophilin; Rabll; ADP-ribosylation factor; Rabl1-FIP4; RCP; Rabl1-FIP2; Endosomal recycling compartment;

Cleavage furrow; Cytokinesis; Nuf

In order to maintain cellular homeostasis, eukaryotic
cells are required to tightly regulate the transport of
lipids and proteins within the cell. Intracellular trans-
port typically occurs via vesicles that bud from a donor
compartment, navigate through the cytoplasm, and then
dock and fuse with an acceptor compartment. In this
context, the ARF and Rab families of low molecular
weight GTPases have emerged as central regulators of
the various membrane trafficking events [3,21,41].

To date, six mammalian ARF genes have been cloned.
They have been categorised into three classes based on
their primary structure: class I (ARF1, 2, and 3), class 11
(ARF4 and 5), and class III (ARF6). Class I ARFs
control the formation of several different types of coated
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vesicles and are involved in trafficking in the endoplasmic
reticulum (ER), Golgi, and endosomal systems [2,7,8].
Data on the roles of class Il ARFs are limited, but they
appear to play similar roles to those of class I ARFs
[2,13,17]. The class III ARF, ARF6, functions in en-
dosomal recycling to the plasma membrane, regulation
of secretion, and coordinating actin cytoskeleton chan-
ges at the plasma membrane [3,5]. More recently, it has
been shown that ARFG6 is implicated in cleavage furrow
ingression and cytokinesis since both its localisation and
its activated (GTP-bound) levels change during mitotic
progression [30].

Each Rab GTPase is thought to regulate the budding,
trafficking, and/or docking of transport vesicles along
discrete transport steps [41]. Rab4 and Rabl1 are im-
plicated in the endosomal recycling processes. Rab4 has
been localised to the early endosomes, and studies on
Tfn recycling in cells expressing mutant forms of Rab4
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have implicated it in the regulation of membrane re-
ceptor recycling and trafficking to late endosomes
[36,37]. On the other hand, Rabl1 localises predomi-
nantly to the endosomal recycling compartment (ERC),
and has been shown to function in endocytic recycling
from the ERC to the plasma membrane [35]. Rabll is
also found associated with the trans-Golgi network
(TGN), and has been reported to regulate trafficking
between the ERC and the TGN [40]. Furthermore, while
several studies have now implicated Rabll in cytoki-
nesis [4,6,26,34], the molecular details of such a role
remain unclear.

During the past few years, much attention by various
groups has been focused on the identification of novel
ARF and Rabl1 effectors. This resulted in the identifi-
cation of Arfophilin, a class I ARF effector [32],
that was later shown to also interact with the class 111
ARF, ARF6 [31,32]. Subsequent to this, in searches for
Rabl1 effectors Arfophilin was rediscovered as Rabl1-
FIP3 [9] and as Eferin [25]. Due to the nomenclature
complexity, Rabl1-FIP3/Arfophilin/Eferin will hence-
forth be referred to as Rabl1-FIP3.

Rab11-FIP3 was initially reported as a cDNA clone
(KITAAO0665) isolated from human brain [23]. It has been
shown to bind class II and class IIT ARFs as well as all
the Rabl1 subfamily members (Rablla, Rabllb, and
Rab25) in a GTP dependent manner [9,31,32], and to
colocalise with Rablla in transiently transfected HeLa
cells [9]. The amino terminus of class II ARFs (amino
acid residues 1-17), was shown bind the carboxy-ter-
minal region of Rabl1-FIP3 (amino acid residues
612-756) [32]. In the case of ARF6, amino acid residues
37-80 were shown to be involved in the interaction [31].
The interaction of Rab11-FIP3 with Rabl11 occurs via a
20 amino acid motif, termed the Rabl1 binding domain
(RBD11) which is present in the Rab11-FIP3 carboxy
terminus [25]. To date, little is known about the sub-
cellular distribution of endogenous Rabl1-FIP3 or its
cellular function with respect to either the ARF or
Rabl1 families of proteins.

In this study, we describe the intracellular localisation
of endogenous Rabl1-FIP3 during interphase and cy-
tokinesis. We also present data indicating that Rabl1-
FIP3 does not participate in Tfn trafficking. Based on
these results, and given that ARF6 and Rabll have
previously been shown to be involved in cytokinesis, we
suggest that Rab11-FIP3 could be involved in the de-
livery of endosomally derived materials to the cleavage
furrow/midbody during cell division.

Materials and methods

¢DNA cloning and plasmid construction. pGEX-3X/Rabll1-
FIP3(; 246) Was constructed by subcloning a 0.8-kb BamHI fragment,
corresponding to Rab11-FIP3(; 54, into pGEX-3X (Amersham Bio-

sciences). pGFP2-C2/Rabll was constructed by subcloning canine
Rabl1 from the previously described pLex-Rabl1 construct [19,20], as
a 0.85-kb EcoRI-Pstl fragment into pGFP>-C2 (kind gift from R.
Pepperkok). pEGFP-C1/Rabl11-FIP3(, ;5 was constructed by sub-
cloning the 2.4-kb EcoRI fragment from the previously described
pGADGH/Rabl11-FIP3(, 755 construct [38], into pEGFP-C1 (BD
Biosciences Clontech). pARF6/GFP?-N3 was constructed using a
forward primer ARF6F (5-AAAAGAATTCCCACCATGGGGA
AGGTGCTATCCAAA-3') and a reverse primer ARF6R (5-AAAA
GAATTCGAGATTTGTAGTTAGAGGTTAACC-3") to amplify
human ARF6 cDNA from pARF6/AS2 (kind gift from the
C. D’Souza-Schorey group). The 0.5-kb PCR fragment was then
cloned into the EcoRI site of pGFP?-N3 (kind gift from R. Pepper-
kok). pEGFP-C3/Rab11-FIP3,44 755y Was constructed by subcloning
the1.6-kb Scal-EcoRI fragment from pEGFP-C1/Rabl11-FIP3; 754
into pEGFP-C3 (BD Biosciences Clontech). pEGFP-C1/Rabl1-
FIP2 446511y has been described previously [20]. Constructs generated
by PCR were verified by double strand sequencing.

Recombinant protein purification. Glutathione S-transferase (GST)
fused Rab11-FIP3(, 5 was purified as follows: XL1 Escherichia coli
cells were transformed with pGEX-3X/Rab11-FIP3; 4. Transfor-
mants were grown to an ODgy = 0.6 and induced with 0.1 mM iso-
propyl-B-p-thiogalactopyranoside (Qiagen) for 1h at 30°C. The
protein was purified using glutathione-agarose (Sigma) according to
the manufacturer’s instructions.

Antibodies. Mouse monoclonal anti-TfnR was purchased from
Zymed Laboratories. Mouse monoclonal anti-EEA1 was obtained
from Transduction Laboratories. Both mouse monoclonal anti-y and
anti-o-tubulin were purchased from Sigma and sheep polyclonal anti-
TGN46 was purchased from Serotec. Mouse monoclonal (6C4) anti-
lysophosphatidic acid (LBPA) was a kind gift from J. Gruenberg. The
affinity-purified rabbit polyclonal anti-Rab coupling protein (RCP)
antibody has been described elsewhere [19]. The affinity-purified rabbit
polyclonal anti-Rabl1 was prepared in the same way as anti-Rabl1
described by Wilcke et al. [40]. Texas red conjugated phalloidin, which
was used to visualise F-actin, was purchased from Molecular Probes.

Anti-Rabl11-FIP3 antibody. Rabbit polyclonal anti-Rab11-FIP3 was
generated as follows: a synthetic peptide corresponding to amino acid
residues 80-97 (GGPRDPGPSAPPPRSGPR) of Rabll-FIP3 was
conjugated to keyhole limpet haemocyanin (KLH) via the amino-ter-
minal end of the peptide. This was injected into rabbits for antibody
generation, following which the resulting crude IgG was affinity-purified
(Davids Biotechnologie, Regensburg, Germany). The affinity-purified
rabbit antiserum was used at a dilution of 1/150 for immunofluorescence,
and 1/200 for immunoblotting.

Affinity-purified antibody was pre-adsorbed with 30 pg/ml purified
recombinant GST tagged Rabl1-FIP3(; 545 or with 10 pg/ml of the
immunising peptide at room temperature for 2h to block antibody
binding.

Cell lines and transfection. A431 (epidermal carcinoma) and HelLa
(cervical carcinoma) human cell lines were maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% foetal bovine serum,
2mM vr-glutamine, and 100 U/ml penicillin—streptomycin and grown
in 5% CO, at 37°C. For overexpression studies, cells were transfected
with plasmid constructs using Effectene (Qiagen) as a transfection re-
agent according to the manufacturer’s instructions. Sixteen to eighteen
hours post-transfection the cells were processed for immunofluores-
cence microscopy as described below.

Immunofiuorescence microscopy. Cells were grown on 11 mm round
glass coverslips and fixed with either methanol (for y-tubulin staining)
or 3% paraformaldehyde (PFA). The PFA fixed samples were treated
as follows: free aldehyde groups were quenched with 50 mM NH,Cl,
the cells were then permeabilised with 0.05% (w/v) saponin followed by
incubation with the primary antibodies diluted in 5% (v/v) foetal bo-
vine serum/phosphate buffered saline (PBS) containing 0.05% (w/v)
saponin. The secondary antibodies used were donkey anti-mouse
conjugated to Texas red, donkey anti-mouse conjugated to fluorescein
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isothiocyanate (FITC), donkey anti-rabbit conjugated to indocarbo-
cyanine (Cy3), donkey anti-rabbit conjugated to cyanine (Cy2), and
donkey anti-sheep conjugated to FITC (all from Jackson Immuno-
Research). Coverslips were mounted in MOWIOL (CalBiochem)
which contained 100mg/ml DABCO (Sigma) and images were re-
corded using a Zeiss LSM 510 META confocal microscope fitted with
a 63x/1.4 plan apochromat lens. Images were processed using the Zeiss
LSM Image Browser (CarlZeiss) and Adobe Illustrator (Adobe)
software.

Drug treatment. Nocodazole and cytochalasin D (both from Sigma)
were solubilised in dimethyl sulphoxide (DMSO). BFA (Sigma) was
solubilised in methanol. A431 cells growing on glass coverslips were
incubated either with 10 uM nocodazole or 10 uM cytochalasin D for
30min at 37°C or with 20 pg/ml BFA for 15min at 37°C prior to
fixation and immunostaining. As a control, cells were treated with
0.2% (v/v) DMSO or 1% (v/v) methanol alone.

Alexa 594-Tfn recycling assay. The recycling experiments were
performed as previously described [18]. Briefly, 16 h post-transfection
(with either pEGFP-C3/Rabl1-FIP3 (544 75y or pEGFP-C1/Rabll-
FIP2(446-511y), serum starved cells were allowed to internalise Alexa 594-
coupled iron saturated holotransferrin (Molecular Probes) at 5 pg/ml
for 45min at 37°C. Cells were then briefly washed with ice-cold PBS
and immediately fixed with 3% PFA. For the recycling assay, inter-
nalised Tfn was allowed to recycle by continued incubation of cells for
an additional 30 min at 37°C in the presence of 100-fold excess unla-
belled holotransferrin and 0.1 mM desferroxamine (Sigma). Following
recycling, cells were again washed with ice-cold PBS and immediately
fixed with 3% PFA.

Immunoblotting analysis. A431 and HeLa cells were resuspended in
50mM Tris—HCI (pH 7.4), 150 mM NaCl, ] mM EDTA, 0.5% NP-40
plus protease inhibitors and lysed under rotation for 30 min at 4 °C.
Ruptured cells were then quickly passed six times through a 26-gauge
needle and centrifuged at 10,000g for Smin at 4°C. For detection of
endogenous Rabl1-FIP3, 200pug of the 10,000g supernatant was
analysed by SDS-PAGE and immunoblotting. Twenty-five micro-
grams of the 10,000g supernatant from HeLa cells transiently trans-
fected with pEGFP-C1/Rab11-FIP3 was used as a positive control for
immunoblotting. B-Actin was used as a loading control.

85
Results

Polyclonal anti-Rabl1-FIP3 antibody recognises endoge-
nous Rabl1-FIP3 in A431 and HeLa cells

Previous studies on Rabl1-FIP3 and its biological
significance have relied on the overexpression of protein.
However, it is becoming increasingly apparent that the
overexpression of the Rab11-FIPs causes a perturbation
of the ERC morphology [11,39]. Consequently, we
sought to study endogenous Rabl1-FIP3 through the
generation of an antibody that specifically recognises
this Rabl1-FIP family member. To obtain a Rabll-
FIP3 specific antibody, we chose an immunising peptide
that represented amino acid residues 80-97 of Rabll-
FIP3. This region was chosen due to its predicted
immunogenic properties and its exclusiveness to Rab11-
FIP3 among the currently known Rabl1-FIPs (Fig. 1A).
Furthermore, the selected peptide is not conserved
among any other known proteins upon BLAST analysis.

To test the ability of our antibody to recognise en-
dogenous Rabl1-FIP3, we performed Western blot
analysis on A431 and HelLa cell extracts. We found that
the affinity-purified antibody identified a 130-kDa band
representing endogenous Rab11-FIP3 (Fig. 1B, top pa-
nel). No bands were detected by the preimmune serum
(data not shown). Anti-Rabl11-FIP3 also recognised a
160-kDa band that represented EGFP tagged Rabll-
FIP3 (pEGFP-C1/Rabl1-FIP3(, 75)) that was exoge-
nously expressed in HeLa cells (Fig. 1B, top panel).
Furthermore, this antibody recognised 20 ng of purified
recombinant Rab11-FIP3(, ,4) but did not recognise the
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Fig. 1. Rabbit polyclonal anti-Rab11-FIP3 antibody recognises endogenous Rab11-FIP3. (A) A portion of a ClustalW alignment of the full-length
amino acid sequences of the Rab11-FIP family members, which encompasses the specific immunising peptide Rab11-FIP3 s, 97y (underlined), is shown.
Identities are in black, similarities in grey. (B) Two hundred micrograms of the 10,000g supernatant of 443/ and HeLa cell lysates, and 25 pg of the
10,000g supernatant from HelLa cells expressing EGFP tagged Rabl1-FIP3 (EGFP-Rabl1-FIP3), were analysed by SDS-PAGE and immunoblotting
with affinity-purified anti-Rab11-FIP3 antibody. Identical samples were probed with the affinity-purified antibody that had been pre-adsorbed with
GST-Rab11-FIP3(; 546). B-Actin was monitored as a loading control. The results are representative of at least three separate experiments.
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same amount of purified recombinant Rabl1-FIP2,
Rab11-FIP4, 637, Ripll or RCP (data not shown).
Prior incubation of the affinity-purified antibody with
30 pg/ml of recombinant GST-Rab11-FIP3, 56 for 2h
completely blocked antibody binding (Fig. 1B, middle
panel). Identical results were obtained when the anti-
body was pre-incubated with 10 pg/ml of the immunis-
ing peptide for 2h (data not shown). The blot was
probed for B-actin to monitor levels of loading of the
A431 and HelLa cell extracts (Fig. 1B, bottom panel).
Actin was not observed in the EGFP-Rabl1-FIP3 lane,
as there was eightfold less cell extract loaded in this lane
relative to the other lanes. To further confirm the
specificity of our Rab11-FIP3 antibody, we investigated
if the antibody could detect exogenously expressed
EGFP tagged Rab11-FIPs in vivo. Immunofluorescence
analysis demonstrated that the anti-Rab11-FIP3 stain-
ing pattern was identical to that observed for EGFP
tagged Rab11-FIP3 and that it did not detect other ex-
ogenously expressed Rabl1-FIPs (data not shown).
Taken together, these data demonstrate that our anti-
Rabl11-FIP3 antibody specifically recognises both ex-
ogenously and endogenously expressed Rabl1-FIP3.

A Rab11-FIP3

GFP2-Rabll

EGFP-Rab11-FIP3(2-756) Rab11 Merge

EGFP-Rab11-FIP3(2.756)

EGFP-Rab11-FIP3(2-756)

Merge C s
A
¢ .

Rabl1-FIP3 localises predominantly to a pericentrosomal
location in A431 cells

In order to elucidate the biological function of
Rabl11-FIP3, we examined its localisation in both A431
and HeLa cells by immunofluorescence microscopy. Our
results demonstrate that endogenous Rabl1-FIP3 dis-
plays a distinctive staining pattern at a location near the
nucleus in addition to a punctate vesicular pattern dis-
persed throughout A431 cells (Fig. 2C). To examine the
localisation of endogenous Rabl1-FIP3 with respect to
Rabll, we transiently transfected cells with GFP?
tagged Rabll (pGFP2-C2/Rabl1). Fig. 2A illustrates
that in A431 cells, endogenous Rabl1-FIP3 displays
significant colocalisation with exogenously expressed
Rabl1 in the distinctive Rab11-FIP3 positive compart-
ment close to the nucleus. In contrast to A431 cells, the
staining pattern of endogenous Rabl1-FIP3 in HelLa
cells displays a punctate vesicular pattern throughout
the cell, which is occasionally (~3-5% of cells) concen-
trated near the nucleus (data not shown).

To investigate the localisation of exogenously ex-
pressed Rabl1-FIP3, we transiently transfected HelLa

Rab11-FIP3
Rab11-FIP3
Rab11-FIP3

Fig. 2. Rab11-FIP3 localises predominantly to a pericentrosomal location and colocalises with Rab11. (A) A431 cells were transfected with pGFP?-
C2/Rabl 1. Sixteen hours post-transfection the cells were fixed in PFA, permeabilised with saponin, and immunostained with affinity-purified anti-
Rab11-FIP3 antibody. (B) HeLa cells were transfected with pEGFP-C1/Rab11-FIP3, 754). Sixteen to eighteen hours post-transfection the cells were
processed for immunofluorescence as described in Materials and methods and immunostained with antibodies to Rabl1, RCP, and y-tubulin. (C)
A431 cells were fixed and permeabilised as described in Materials and methods before immunostaining with affinity-purified anti-Rab11-FIP3 an-
tibody and counterstaining with antibodies to TfnR, EEA1, LBPA, and TGN46. These data are typical of at least four separate experiments. Scale

bar represents 10 pm.



C.P. Horgan et al. | Biochemical and Biophysical Research Communications 319 (2004) 83-94 87

cells with a construct encoding EGFP tagged Rabl1-
FIP3, 755. We found that the exogenously expressed
protein concentrates near the nucleus in both HeLa
(EGFP-Rab11-FIP3 5 75, Fig. 2B) and A431 cells (data
not shown). Immunostaining HeLa cells expressing the
EGFP tagged Rabl1-FIP3 755 with an anti-Rabll
antibody revealed extensive colocalisation between the
exogenously expressed protein and Rabl1 (Fig. 2B, top
panel). Furthermore, when Rabl1-FIP3 is overexpres-
sed, it alters the Rabl1 staining pattern causing it to
accumulate in the Rabl1-FIP3 positive compartment
(compare transfected versus non-transfected cells in
Fig. 2B, top panel). This contrasts with Rabl1 overex-
pression, which does not affect the staining pattern of
endogenous Rab11-FIP3 (compare Figs. 2A and B, top
panel). Immunostaining HeLa cells expressing EGFP
tagged Rabl1-FIP3, ;55 with antibodies to either the
TfnR or RCP revealed considerable colocalisation be-
tween these markers of the receptor recycling pathway
and the exogenously expressed protein in the Rabll-
FIP3 positive compartment near the nucleus (data not
shown and Fig. 2B, respectively). The TfnR and RCP
staining patterns normally observed in HeLa cells are
perturbed upon Rabl1-FIP3 overexpression. We were
interested to further investigate the localisation of the
distinct Rabl1-FIP3 positive compartment near the
nucleus. Immunostaining HeLa cells transiently ex-
pressing the protein for y-tubulin demonstrated that
this Rabl1-FIP3 positive compartment surrounds the
centrosome (Fig. 2B).

We next examined the localisation of endogenous
Rabl11-FIP3 with respect to markers of the recycling
and degradative pathways and the TGN. We observed
virtually no colocalisation between endogenous Rabl1-
FIP3 and TfnR (Fig. 2C). This finding is in contrast to
what we observed when Rabl1-FIP3 was exogenously
expressed. However, our finding is similar to what has
been previously described for Arfophilin-2/Rabl11-FIP4
[11,39]. Very minor colocalisation was observed between
Rabl1-FIP3 and EEA1 (Fig. 2C), a Rab5 effector that
localises to the early sorting endosome [22,33]. No co-
localisation was observed between Rab11-FIP3 and ei-
ther LBPA or TGN46 (Fig. 2C), markers of the late
endosomes [15,29] and the TGN [24], respectively.
Taken together, these data suggest that Rabl1-FIP3
localises predominantly to a pericentrosomal Rabll
positive endosomal recycling compartment (ERC) and
its overexpression alters the ERC morphology.

Rab11-FIP3 localisation is unaffected by overexpression
of ARF proteins

As indicated earlier, Rab11-FIP3 is a putative class II
and class III ARF effector [31,32]. Therefore, we ex-
amined the localisation of endogenous Rab11-FIP3 with
respect to that of overexpressed ARF4, -5, and -6, in

both A431 and HeLa cells. In interphase cells we ob-
served no colocalisation between the respective sets of
proteins, nor did we observe any effect on the localisa-
tion of endogenous Rab11-FIP3 in cells overexpressing
the respective ARF proteins (data not shown). Fur-
thermore, we sought to determine if, as reported for the
closest homologue of Rabl1-FIP3, Rabl1-FIP4/Arfo-
philin-2 [11], overexpression of ARF mutants could alter
the localisation of the endogenous protein. Similar to
what we observed when we overexpressed the wild-type
ARF proteins, no discernible effect on the localisation of
the endogenous Rabl1-FIP3 was evident in cells over-
expressing either the GTP or GDP-locked mutants of
ARF4, -5 or -6 (data not shown).

Rabll and Rabl1-FIP3 localise to the cleavage furrow
during cytokinesis

In recent years a considerable amount of data has
been published that implicates Rabll in cytokinesis
[4,6,26,34]. With this in mind, we used immunofluo-
rescence microscopy to determine the localisation of
Rabll in cells undergoing cytokinesis. Upon immuno-
staining HeLa cells for Rabl1, we found that in divid-
ing cells, a substantial proportion of Rabl1 had shifted
from its perinuclear localisation (interphase) and had
located to the cleavage furrow (Fig. 3A). Examination
of the localisation of endogenous Rab11-FIP3 in A431
(data not shown) and HelLa cells revealed that a pro-
portion of Rabl1-FIP3 had relocated to the cleavage
furrow and to the intercellular bridge during telophase/
cytokinesis (Fig. 3B). Similar data were observed when
Rabl1-FIP3 was exogenously expressed (data not
shown).

As previously mentioned, Rab11-FIP3 (Arfophilin) is
a putative ARF6 effector [31]. ARF6 has been shown to
become activated and to localise predominantly to the
cleavage furrow during anaphase and telophase, and to
the midbody during cytokinesis [30]. With this infor-
mation in mind, and together with the above findings,
we were prompted to investigate the localisation of
Rabl1-FIP3 with respect to ARF6 in cells undergoing
the latter stages of cell division. In cells undergoing
cytokinesis that were transiently transfected with GFP?
tagged ARF6 and immunostained for endogenous
Rabl1-FIP3, we observed that ARF6 had concen-
trated at the midbody and that this ARF6 positive
structure also displayed minor staining for Rab11-FIP3
(Fig. 3C).

Rabl1-FIP3 localisation is dependent on the integrity of
both the microtubule and actin cytoskeleton

It has been documented that the integrity of the ERC,
as well as the localisation of other Rabl1-FIP family
members, is dependent on the microtubule cytoskeleton
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o—tubulin

Cytokinesis

Rab11-FIP3

Telophase/cytokinesis

Rab11-FIP3

Cytokinesis

Rab11-FIP3

Cytokinesis

o—tubulin

o—tubulin

ARF6-GFP2

Fig. 3. Endogenous Rabl1 and Rabl11-FIP3 localise to the cleavage furrow during cytokinesis. HeLa cells were fixed with PFA, permeabilised with
saponin, and immunostained with antibodies to either Rabl1 (A), or Rab11-FIP3 (B). (C) HeLa cells were transfected with pARF6/GFP?-N3.
Sixteen hours post-transfection the cells were fixed and permeabilised as described in Materials and methods and immunostained with anti-Rabl1-
FIP3 antibody. Hoechst dye was used to visualise the nuclei. Scale bar represents 10 um.

[1,11,20]. Thus, we investigated whether the cellular lo-
calisation of Rabl11-FIP3 was altered by disruption of
the microtubule network upon nocodazole treatment.
A431 cells were treated with either 10 uM nocodazole to
depolymerise the microtubules or with DMSO (drug
solvent), as a control. As demonstrated in Fig. 4A,
treatment of the cells with nocodazole resulted in the
breakdown of the microtubule cytoskeleton. This caused
the pericentrosomal Rab11-FIP3 compartment to frag-
ment and peripherally distribute within the cell. This
finding corresponds to what we observed when cells
overexpressing EGFP tagged Rab11-FIP3 were treated
with nocodazole (data not shown).

As Rabl1-FIP3 contains a predicted ERM (erzin—
radixin-moesin) domain that contains a putative
binding site for actin, we investigated whether the
intracellular localisation of Rabl1-FIP3 is altered by
disruption of the actin cytoskeleton. A431 cells
were treated with either 10puM cytochalasin D to

depolymerise the actin filaments or with DMSO (drug
solvent), as a control. Following depolymerisation of the
actin cytoskeleton, the concentrated perinuclear locali-
sation of Rabl1-FIP3 remained unaffected (Fig. 4B).
Similar data were observed when Rabll1-FIP3 was
exogenously expressed (data not shown). However, we
found that the staining pattern of the peripherally
localised endogenous Rabl1-FIP3 was altered upon
treatment with 10 uM cytochalasin D. Furthermore, it
displayed a staining pattern coincident with that of the
depolymerised actin (Fig. 4B). This suggests that
the peripheral population of Rabl1-FIP3 vesicles is
associated with the actin cytoskeleton.

The above data demonstrate that two distinct popu-
lations of Rab11-FIP3 exist within the cell. The first at a
microtubule dependent pericentrosomal location, where
it colocalises with Rabll, and the second dispersed
throughout the cell in association either directly or in-
directly with the actin cytoskeleton.
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BFA treatment induces tubulation of the TfnR positive
network but RablI1-FIP3 localisation remains unaffected

We next studied the effects of brefeldin A (BFA) on
the intracellular localisation of Rab11-FIP3. BFA is a
fungal metabolite that disrupts the Golgi by inhibiting
guanine nucleotide exchange factor (GEF) activity,
which is required for the activity of ARF GTPases. It
has been shown to disrupt intracellular membrane
transport and to affect the localisation of endogenous
Rab11-FIP4/Arfophilin-2 [11,14]. To determine if BFA
treatment affected the localisation of Rab11-FIP3, A431
cells were treated with either 20 ug/ml BFA or with
methanol (drug solvent), as a control. Treatment with
methanol alone did not affect the localisation of any of
the proteins (data not shown). However, treatment of
cells with BFA disrupted the rrans-Golgi network

Fig. 4. Rabl1-FIP3 localisation is dependent on microtubule and actin cytoskeletal integrity. A431 cells were treated with nocodazole (A) or cy-
tochalasin D (B). In both cases DMSO was used as a control. The cells were fixed, processed for immunofluorescence analysis, immunostained with

affinity-purified anti-Rabl1-FIP3 antibody, and counterstained for a-tubulin (A) or F-actin (B). These experiments were repeated four times with
similar results. Scale bar represents 10 pm.

causing TGN46 to enter an elaborate tubular network
(Fig. 5A). We found that this tubular network induced
by BFA treatment was also strongly positive for the
TfnR (Fig. 5B). Interestingly, Rabl1-FIP3 does not
enter these tubules and remains unaffected by BFA
treatment (Figs. 5SA and C).

Expression of EGFP tagged Rabl1-FIP3 ;4 ;5 does not
inhibit Tfn recycling in HelLa cells

As previously reported, the carboxy-terminal region
of other RablI-FIP family members is sufficient to
confer their membrane association in vivo [19,20,39].
Furthermore, it has been demonstrated that while the
expression of the carboxy-terminal regions of RCP and
Rab11-FIP2 inhibits Tfn recycling [19,20], the equiva-
lent region of Arfophilin-2/Rabl1-FIP4 does not
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Rab11-FIP3

Rab11-FIP3

Fig. 5. BFA treatment induces tubulation of the TfnR positive network but Rab11-FIP3 localisation remains unaffected. A431 cells were treated with
BFA to disrupt the Golgi. Following fixation and processing for immunofluorescence analysis, the cells were immunostained for TGN46 and Rabl1-
FIP3 (A), TGN46 and TfnR (B) or TfnR and Rab11-FIP3 (C). These experiments were repeated four times with similar results. Scale bar represents
10 um.

EGFP-Rab11-FIP3(244-756) Alexa 594-Tfn

EGFP-Rab11-FIP3(244-756) Alexa 594-Tfn

Uptake & chase

EGFP-Rab11-FIP2(446-551) Alexa 594-Tfn

Uptake & chase

Fig. 6. Expression of an N-terminally truncated mutant of Rabl1-FIP3 does not inhibit Tfn recycling. HeLa cells expressing pEGFP-C3/Rabl1-
FIP3 (244 756) (A,B) or pEGFP-C1/Rab11-FIP2 446 s51) (C) were allowed to internalise Alexa 594-Tfn for 45 min at 37°C. Cells were either fixed at this
point (A) or chased for 30 min at 37°C in the presence of 100-fold excess unlabelled iron saturated Tfn and then fixed (B,C). Arrows indicate
transfected cells and arrowheads indicate non-transfected cells. These data are typical of four independent experiments. Scale bar represents 10 pm.
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[11,39]. Thus, we were interested to investigate the effects
of expression of an amino-terminally truncated mutant
of Rab11-FIP3 on Tfn recycling. A construct was made
which encodes the carboxy-terminal 513 amino acids of
Rabl11-FIP3 fused with an amino-terminal EGFP tag
(pPEGFP-C3/Rab11-FIP3 (544 755)). This construct en-
compasses the ARF and Rabl1 binding regions of the
protein as well as the putative ERM and coiled-coil
domains. In HeLa cells, EGFP tagged Rabll-
FIP3 244 756 concentrates in the pericentrosomal region
of the cell but also localises to peripherally dispersed
punctate vesicular structures. In a small proportion of
cells, an elaborate tubular Rabll positive phenotype
was observed and in some cells (depending on level of
expression) the overexpressed protein localised to the
cytoplasm (data not shown).

We sought to investigate the functional effects of
overexpression of the amino-terminally truncated mu-
tant of Rabl1-FIP3 on the recycling of Tfn to the
plasma membrane. HeLa cells expressing pEGFP-C3/
Rabl11-FIP3 44 75y were allowed to internalise Alexa
594-Tfn for 45 min at 37 °C (uptake). After this loading
step, the cells were washed and the ligand was chased for
30 min at 37°C in the presence of 100-fold excess holo-
transferrin and the iron-chelator desferroxamine. We
found that in cells fixed directly after the loading step,
Alexa 594-Tfn had been internalised from the cell sur-
face to the pericentrosomal Rab11-FIP3 44 755 positive
compartment as evidenced by the significant colocali-
sation between Alexa 594-Tfn and the Rabll1-FIP3
mutant (Fig. 6A). Overexpression of the mutant does
not appear to significantly affect the uptake of the ligand
as similar levels of the Alexa 594-Tfn were present in
cells overexpressing the Rabl1-FIP3 mutant in com-
parison to non-transfected cells (Fig. 6A). Expression of
the amino-terminally truncated mutant of Rab11-FIP3
does not affect the recycling of Tfn, as following the
chase; similar levels of Alexa 594-Tfn remain in both
transfected and non-transfected cells in the same field of
view (Fig. 6B). Interestingly, this differs to what is ob-
served when the carboxy terminus of Rabl1-FIP2 is
expressed (Fig. 6C and [20]).

These data suggest that overexpression of Rabll-
FIP3 (244 75y does not significantly perturb Tfn uptake
or recycling. This correlates with previously reported
data for Arfophilin-2/Rab11-FIP4 [11,39], and is sug-
gestive that Rab11-FIP3 functions as a Rabl1 effector
in cellular processes other than that involving Tfn
recycling.

Discussion
The realisation that Rabl11-FIP3 is identical to the

previously described ARF interacting protein (Arfo-
philin) provides tantalising clues that this dual effector

protein is likely to play a role in coordinating membrane
trafficking and cytokinetic events. However, despite
substantial two-hybrid and biochemical evidence sup-
porting a role for Rabl11-FIP3 as a Rabll and ARF
effector, little has been documented with respect to ei-
ther the intracellular distribution of the endogenous
protein or its function. In this study, utilising an anti-
body specific for Rabl1-FIP3, we present data that
demonstrate the Rab11-FIP3 subcellular localisation in
interphase and dividing cells and the dependency of its
localisation on various components of the cytoskeleton.
We also find that endogenous Rab11-FIP3 resides in a
compartment largely distinct to that of the TfnR and
demonstrate that it does not participate in Tfn recycling.
Based on these findings, and on what has been previ-
ously described for Rabll and ARF6, we suggest that
Rabl11-FIP3 functions in the delivery of endosomally
derived materials to the cleavage furrow during cell
division.

Analysis of the subcellular distribution of Rabll1-
FIP3 demonstrated that Rab11-FIP3 displays a distinct
concentrated pericentrosomal-staining pattern in addi-
tion to a punctate vesicular pattern dispersed through-
out A431 cells. We found that Rabl11-FIP3 colocalises
with Rabl1l in the distinct pericentrosomal compart-
ment. Interestingly, upon investigation of Rab11-FIP3
localisation in HeLa cells, we found that this distinct
concentrated pericentrosomal-staining pattern was
present only in a small proportion of cells. This obser-
vation is likely to be due to a difference in the organi-
sation of endosomal compartments between these two
cell types. No colocalisation was observed between
Rabl11-FIP3 and various markers of the recycling or
degradative pathways or the TGN.

Our immunofluorescence experiments were per-
formed using an antibody that specifically recognises
endogenous Rab11-FIP3. We show here by immunoblot
analysis of A431 and HeLa cell extracts that while its
predicted molecular weight is 82.4-kDa, endogenous
Rabl1-FIP3 migrates at a molecular weight of 130-kDa.
We are convinced our antibody is specific for Rabl1-
FIP3 for several reasons. First, the Rabll1-FIP3
immunogen is a peptide unique to Rabll-FIP3 as
demonstrated by BLAST analysis. Furthermore, the
antibody does not detect other Rabl1-FIP purified re-
combinant proteins. Second, pre-adsorption of the af-
finity-purified antibody with either purified recombinant
GST-Rabl1-FIP3(; 54y or the immunising peptide
results in complete abolition of Rabl1-FIP3 immuno-
reactivity by both immunoblotting and immunofluo-
rescence. Finally, the antibody detected EGFP tagged
Rabl11-FIP3 at a molecular weight of 160-kDa. It is
unlikely that the larger than expected molecular weight
is due to glycosylation or phosphorylation as the re-
combinant protein (hexahistidine fused) induced in
bacteria consistently migrates at a molecular weight in
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the region of 140-kDa. The higher than predicted mo-
lecular weight that we observe for Rab11-FIP3 may be
indicative that Rab11-FIP3 forms SDS resistant dimers
as previously reported for the SNAP-25, syntaxin, and
synaptobrevin complex [10]. This may well be the case,
as the heterotrimeric interaction of SNAP-25, syntaxin,
and synaptobrevin involves predicted coiled-coil regions
and we have previously shown that Rabl1-FIP3
displays extensive predicted coiled-coil motifs and is
capable of self-interaction [38].

Upon examination of the localisation of overexpres-
sed EGFP tagged Rabl1-FIP3, we found that like the
endogenous protein, it localises predominantly to a
pericentrosomal compartment where it colocalises ex-
tensively with Rabl1. Furthermore, we found that sim-
ilar to what we have previously reported for Rab11-FIP4
[39], overexpression of Rabl1-FIP3 causes a condensa-
tion of the ERC, as there was a dramatic accumulation of
the TfnR and Rabll into the Rabl1-FIP3 positive
compartment. This altered morphology that occurs upon
overexpression of Rab11-FIP3 suggests that the protein
may be involved in determining the organisation of the
endosomal recycling compartment.

It is interesting to note that while endogenous RCP
displays partial colocalisation with the TfnR [19], we
observe little or no co-localisation between Rab11-FIP3
and the TfnR. Furthermore, we have demonstrated
through a recycling assay that expression of an amino-
terminally truncated mutant of Rabl1-FIP3 does not
perturb Tfn recycling. This correlates with what has
been previously shown for Arfophilin-2/Rabl1-FIP4
[11,39] and contrasts with what has been previously
described for class I Rabl1-FIPs (RCP and Rabll-
FIP2) [19,20]. Overall, these findings demonstrate that
functional differences exist between Rabl1-FIP3 and
the class I Rabl1-FIPs. Taken together, these data
suggest that class II Rabl1-FIPs (Rabl1-FIP3 and
Rabl11-FIP4) are likely to serve as effectors in Rabll
mediated cellular processes not involving transferrin
recycling.

The work of Shin and co-workers [31,32], which
proposes that Rabl1-FIP3 is a class II and class 111
AREF effector, led us to investigate its localisation with
respect to overexpressed ARF4, -5, and -6. While it has
been demonstrated through GST pulldown assays and
yeast two-hybrid screening that Rabl1-FIP3 interacts
with the overexpressed GTP-locked mutants of class 11
and class IIT ARFs [31,32], we did not detect any colo-
calisation between Rabl1-FIP3 and ARF4 or -5 by
immunofluorescence. We did observe minor colocalisa-
tion between Rab11-FIP3 and ARF6 in cells undergoing
cytokinesis. It is also interesting to note that we ob-
served no perturbation of the localisation of endogenous
Rabl1-FIP3 upon overexpression of ARF mutants.
Furthermore, while Hickson and co-workers [11] found
that BFA treatment affected the localisation of endog-

enous Arfophilin-2/Rab11-FIP4 we found no such effect
for Rab11-FIP3. Our results show that following treat-
ment with BFA, both the TfnR and TGN46 displayed a
distinct tubulated staining pattern, but the Rab11-FIP3
staining was not affected and did not enter these tubules.
It is possible that the interactions between Rabl11-FIP3
and ARF GTPases are only relevant at certain points of
the cell cycle (see below), or that Rabl1-FIP3 localisa-
tion is unaffected by BFA treatment because some ARF
GEFs are insensitive to BFA as has been documented
for ARF6 GEFs [12]. Unquestionably, further study is
required to fully understand the interactions between
Rabl11-FIP3 and ARF proteins.

Our observations suggest that Rabl1-FIP3 localisa-
tion is dependent on the integrity of two components of
the cytoskeleton. We found that disruption of the mi-
crotubule network by nocodazole causes the Rabll-
FIP3 positive ERC to fragment. This was not surprising
as it has been previously documented that the localisa-
tion of other Rabl1-FIP family members is affected
upon breakdown of the microtubule cytoskeleton
[11,20]. It is conceivable, since Rabl1 and Rabl1-FIP3
colocalise with microtubules within the intercellular
bridge during cytokinesis, that either Rabl1 or Rabl1-
FIP3 might function in motor protein recruitment or
regulation. Such recruitment or regulation may deliver
cargo from the ERC to the cleavage furrow during the
latter stages of cell division. This model is compatible
with data on nuclear-fallout (Nuf), the Drosophila mel-
anogaster orthologue of Rabll-FIP3/Rabl1-FIP4
which is required for cellularisation in Drosophila [27,28]
and displays a similar localisation to Rab11-FIP3 when
overexpressed in mammalian cells [11]. Furthermore,
Nuf has been shown to interact with Rabl1 [26] and is
believed to load vesicles onto microtubules for transport
to furrows in Drosophila [28,42].

Our observation that a cytochalasin D sensitive
population of Rab11-FIP3 exists suggests a Rab11-FIP3
association with actin. This observation in conjunction
with previously published data that Nuf inhibits both
membrane recruitment and actin remodelling at the
early stages of furrow formation [26,28,42] further
supports a role for Rab11-FIP3 in actin based motility/
dynamics. This interaction could be mediated indirectly
via Rabl1 binding of MyosinVb [16] or could directly
involve the Rabl1-FIP3 ERM domain.

We have demonstrated that both Rabll and
Rabl1-FIP3 distribute to the cleavage furrow during
cytokinesis. Given that Rabl11-FIP3 is both a Rabll
and ARF6 effector protein, and taking into account
what has been previously shown for both Rabll and
ARF6 during cytokinesis, it is reasonable to suggest
that Rabl1-FIP3 may well provide a link between
these two GTPases during this process. Elucidating
this link is currently a focus of ongoing research in
our laboratory.
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