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Co-ordination of Rab GTPase function has emerged as a crucial mechanism in the control of intracellular
trafficking processes in eukaryotic cells. Here, we show that GRAB/Rab3IL1 [guanine nucleotide exchange
factor for Rab3A; RAB3A interacting protein (rabin3)-like 1], a protein that has previously be shown to act
as a GEF (guanine nucleotide exchange factor) for Rab3a, Rab8a and Rab8b, is also a binding partner for
Rab11a and Rab11b, but not the closely related Rab25 GTPase. We demonstrate that exogenous expres-
sion of Rab11a and Rab11b shift GRAB’s distribution from the cytoplasm onto membranes. We find that
the Rab11a/Rab11b-binding region of GRAB lies within its carboxy-terminus, a region distinct from its
GEF domain and Rab3a-binding region. Finally, we describe a GRAB deletion mutant (GRABD223–228) that
is deficient in Rab11-binding ability. These data identify GRAB as a dual Rab-binding protein that could
potentially link Rab3 and Rab11 and/or Rab8 and Rab11-mediated intracellular trafficking processes.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

The endomembrane system in eukaryotic cells consists of a
diverse and functionally interrelated collection of membrane
bound cellular compartments and their transport intermediates.
Key amongst the protein machinery that regulates the intracellular
trafficking processes within, and between, these organelles are the
members of the Rab GTPase family. Sixty-six Rabs exist in humans,
with most exhibiting a ubiquitous expression profile [1,2]. Rab pro-
teins are post-translationally modified by prenylation and undergo
reversible association with the cytosolic face of intracellular mem-
branes, where they regulate all stages of intracellular trafficking
processes [1]. A salient feature of Rab GTPases is their ability to
act as molecular switches by undergoing guanine nucleotide-
dependent structural changes [1]. Rabs are inactive when
GDP-bound and active when GTP-bound. GEFs (guanine nucleotide
exchange factors) activate Rab proteins by facilitating nucleotide
exchange (GDP for GTP), whereas GAPs (GTPase-activating pro-
teins) stimulate the intrinsic GTPase activity of Rabs and thus lead
to their inactivation [3]. When active, Rabs recruit heterogeneous
downstream ‘effector’ proteins through which their biological
effects are elicited [1,4]. Recently, the Rabs have been grouped into
six evolutionary-related supergroups [2]. Within the group IV
assemblage, Rab11a, Rab11b and Rab25 constitute a functionally-
related subfamily which share many effector proteins [5,6]. Mem-
bers of the Rab11 subfamily display prominent localisation to the
perinuclear ERC (endosomal-recycling compartment), alternatively
known as the recycling endosome, and control intracellular traf-
ficking through this compartment [5–9].

GRAB (guanine nucleotide exchange factor for Rab3A), which is
also known as Rab3IL1 [RAB3A interacting protein (rabin3)-like 1],
shares a high degree of homology with the murine protein Rabin3
[10], and its human homologue Rabin8/Rab3IP (RAB3A-interacting
protein). Each of these proteins possess an amino-terminally
positioned GEF domain which is homologous to the GEF domain
present in the yeast protein sec2p [10–12]. GRAB binds Rab3a
and InsP6K-1 (inositol hexakisphosphate kinase-1) via an amino-
terminal region which encompasses a putative coiled-coil domain
[10]. GRAB was reported to act as a Rab3a GEF as it stimulates
nucleotide exchange activity on this protein and regulates dopa-
mine release from PC12 cells and human growth hormone release
from bovine adrenal chromaffin cells [10]. Interestingly, a subse-
quent independent study also demonstrated that GRAB displays
GEF activity towards Rab3a [13]; however, in a more recent study
it was reported that GRAB does not have GEF activity towards
Rab3a but instead, like its homologue Rabin8/Rab3IP, stimulates
nucleotide exchange towards Rab8a and Rab8b [14].

Here, we demonstrate that GRAB is a dual Rab-binding protein
by showing that it associates with the Rab11a and Rab11b GTPases
via a region distinct from the coiled-coil/GEF region which was
previously shown to mediate the interaction with Rab3a.
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2. Materials and methods

2.1. Plasmids

pGADT7-AD/GRAB was generated by PCR (AAAGAATTCATGTG
GAGCGGCCCACCCCAG, AAAGAATTCCTAAGCCTCCTGGGGGAAGAA
G) with pCMV-SPORT6/Rab3IL1 (GRAB) (Source Bioscience, Image
Clone #4390573; Accession Number BC022239) as template and
cloned into pGADT7-AD (Clontech). pGADT7-AD/GRAB1–331 was
generated by the removal of a �190 bp SmaI–SmaI fragment from
pGADT7-AD/GRAB, and the resultant backbone fragment re-ligated
to create GRAB1–331. pGADT7-AD/GRAB164–382 was generated by
PCR (AAAGAATTCTCCACACCAGCCTCTCCCAAC, AAAGGATCCCTAAG
CCTCCTGGGGGAAGAA) with pTrcHisB/GRAB as template and
cloned into pGADT7-AD. pGADT7-AD/GRAB1–263 was generated
by the removal of a �400 bp SacI–SacI fragment from pGADT7-
AD/GRAB, and the resultant backbone fragment re-ligated to create
GRAB1–263. pGADT7-AD/GRABD223–228 was generated by sub-clon-
ing the EcoRI fragment from pEGFP-C2/GRABD223–228 into
pGADT7-AD. pGBKT7/Rab11a, pGBKT7/Rab11b and pGBKT7/
Rab25 were previously described [15]. pGBKT7/Rab11a Q70L was
generated by subcloning the BamHI–PstI fragment from pLexA/
Rab11a Q70L [16] into pGBKT7 (Clontech). pGBKT7/Rab11a S25N
was generated by subcloning the BamHI–PstI fragment from
pLexA/Rab11a S25N [16] into pGBKT7. pGBKT7/Rab11b Q70L was
generated by PCR (GCCGAATTCATGGGGACCCGGGAC, GCGGGAT
CCTCACAGGTTCTGCAG) with pEGFP-C2/Rab11b Q70L as template
and cloned into pGBKT7. pGBKT7/Rab11b S25N was generated by
PCR (GCCGAATTCATGGGGACCCGGGAC, GCGGGATCCTCACAGG
TTCTGCAG) with pEGFP-C2/Rab11b S25N as template and cloned
into pGBKT7. pGBKT7/Rab25 T26N was generated by subcloning
the XhoI–SalI fragment from pEGFP-C1/Rab25 T26N and into
pGBKT7. pGBKT7/Rab14 Q70L was generated by PCR
(CCGGAATTCATGGCAACTGCACCATACAACTACTC, CGCGGATCCC-
TAGCCTTCTCTCTGGGG) with pEGFP-C1/Rab14 Q70L as template
and cloned into pGBKT7. pGBKT7/Rab14 S25N was generated by
PCR (CCGGAATTCATGGCAACTGCACCATACAACTACTC, CGCGGATC
CCTAGCCTTCTCTCTGGGG) with pEGFP-C1/Rab14 S25N as tem-
plate and cloned into pGBKT7. pmCherry-C1/FIP3 was generated
by subcloning the EcoRI fragment from pEGFP-C1/FIP3 into
pmCherry-C1. pcDNA3.1-HisC/GRAB was generated by subcloning
the EcoRI fragment from pGADT7-AD/GRAB into pcDNA3.1-HisC
(Invitrogen). pEGFP-C2/GRAB was generated by PCR (AAAGAA
TTCATGTGGAGCGGCCCACCCCAG, AAAGAATTCCTAAGCCTCCTGGG
GGAAGAAG) with pCMV-SPORT6/Rab3IL1 as template and cloned
into pEGFP-C2. pEGFP-C2/GRABD223–228 was generated by SDM
(site-directed mutagenesis) (GGAGGTGGACACACAGGCCTGGAG
GG, CCCTCCAGGCCTGTGTGTCCACCTCC) with pEGFP-C2/GRAB as
template. pTrcHisB/GRAB was generated by subcloning the EcoRI
fragment from pGADT7-AD/GRAB into pTrcHisB (Invitrogen).
pmCherry-C1/GRAB1–163 was generated by SDM (TGAAGACA
CTGGTCATCACGTAGACACCAGCCTCTCCCAACCGC, GCGGTTGGGA-
GAGGCTGGTGTCTACGTGATGACCAGTGTCTTCAA) with pmCherry-
C1/GRAB as template. pmCherry-C1/GRAB was generated by PCR
(AAAGAATTCTATGTGGAGCGGCCCACCCCAG, AAAGGATCCCTAAG
CCTCCTGGGGGAAGAAG) with pTrcHisB/GRAB as template and
cloned into pmCherry-C1. pmCherry-C1/GRAB164–382 was gener-
ated by PCR (AAAGAATTCATCCACACCAGCCTCTCCCAAC, AAAG
GATCCCTAAGCCTCCTGGGGGAAGAA) with pTrcHisB/GRAB as tem-
plate and cloned into pmCherry-C1. pmCherry-C1/GRAB73–163 was
generated by PCR (AAAGAATTCAGAGAAGGGCTCCGAGTTCCTG, AA
AGGATCCCTACGTGATGACCAGTGTCTTCAA) with pTrcHisB/GRAB
as template and cloned into pmCherry-C1. pEGFP-C3/Rab11a was
previously described [17]. pEGFP-C3/Rab11a Q70L was generated
by subcloning the EcoRI–PstI fragment from the previously
described pGEM/Rab11a Q70L [18] into pEGFP-C3. pEGFP-C3/
Rab11a S25N was previously described [19]. pEGFP-C2/Rab11b
and pEGFP-C1/Rab25 were previously described [15]. pEGFP-C2/
Rab11b Q70L was generated by SDM (AGATCTGGGACACCGCTG
GCCTGGACCGCTACCGC, GCGGTAGCGCTCCAGGCCAGCGGTGTCC-
CAGATCT) with pEGFP-C2/Rab11b as template. pEGFP-C2/Rab11b
S25N was generated by SDM (GGGGACTCAGGCGTGGGCAAGA
ACAACCTGCTGTCGCGCTTCACC, GGTGAAGCGCGACAGCAGGTTGTT
CTTGCCCACGCCTGAGTCCCC) with pEGFP-C2/Rab11b as template.
pEGFP-C1/Rab25 T26N was generated by SDM (GCGAATC
AGGTGTGGGGAAGAACAATCTACTCTCCCGATTCACG, CGTGAATCGG
GAGAGTAGATTGTTCTTCCCCACACCTGATTCGCC) with pEGFP-C1/
Rab25 as template.

2.2. Yeast two-hybrid assay

The yeast two-hybrid assay was performed using the Match-
maker Gold Yeast Two-Hybrid System according to the manufac-
turers’ instructions (Clontech). Co-transformation of the bait and
prey plasmids (diploids) were determined by the ability of Saccha-
romyces cerevisiae to grow on minimal media lacking Tryptophan
(Trp) and Leucine (Leu). Protein:protein interactions were deter-
mined by the ability of the co-transformed yeast to grow on min-
imal media lacking Trp and Leu and activate transcription of one
(HIS3; lacks Trp, Leu, His), two [HIS3/ADE2; lacks Trp, Leu, His
and Adenine (Ade)] or three [HIS3/ADE2/AUR1-C; lacks Trp, Leu,
His and Adenine (Ade) and includes Aurobasisin A (Aba)] reporter
genes.

2.3. Cell biology and fluorescence microscopy

The HeLa (human cervical carcinoma) cell line was obtained
from the ECACC (European Collection of Cell Cultures) and cultured
in Dulbecco’s modified Eagle’s medium supplemented with 10% (v/
v) foetal bovine serum, 2 mM L-glutamine and 25 mM HEPES and
grown in 5% CO2 at 37 �C. Cells were transfected with plasmid con-
structs using TurboFect (Fermentas) as the transfection reagent.
Fluorescence microscopy was performed as previously described
[20]. The primary antibody used was mouse anti-Xpress (Invitro-
gen; R910–25). Images were recorded in a temperature-controlled
environment (18 �C) using a Zeiss LSM 510 META confocal micro-
scope fitted with a 63 � 1.4 plan apochromat lens. Images were
processed using Zeiss LSM Image Browser or Zeiss ZEN Light
Edition software and Adobe Illustrator. All micrographs shown
are 3D-projections from the optical sections of the entire Z-stack.

3. Results

3.1. GRAB is a binding partner for Rab11a and Rab11b

A 2005 study that investigated pair-wise interactions among
the products of 8100 Gateway-cloned open reading frames de-
tected 2800 protein:protein interactions, among which was an
interaction between Rab11 and GRAB [21]. To confirm and further
explore this finding, we investigated the ability of GRAB to bind
each of the Rab11 subfamily members using the Matchmaker Gold
yeast two-hybrid system. We observed an interaction between
GRAB and wild-type Rab11a and Rab11b, but not Rab25, when
we assayed for expression of one (HIS3), two (HIS3/ADE2) or three
(HIS3/ADE2/AUR1-C) protein:protein interaction reporter genes
(Fig. 1). Using the yeast two-hybrid system these interactions were
found to be nucleotide-independent as the dominant-positive
Rab11a (Rab11a Q70L) and Rab11b (Rab11b Q70L) mutants, as
well as the dominant-negative Rab11a (Rab11a S25N) and Rab11b
(Rab11b S25N) mutants also bound GRAB (Fig. 1). As controls, we



Fig. 1. GRAB binds Rab11a and Rab11b, but not Rab25. Matchmaker Gold yeast
two-hybrid analyses of direct protein:protein interactions between GRAB and the
indicated Rab proteins and Rab mutants. Co-transformation of the bait and prey
plasmids (diploids) were determined by the ability of S. cerevisiae to grow on
minimal media lacking Trp and Leu (-Trp/-Leu). Protein:protein interactions were
determined by the ability of the co-transformed yeast to grow on minimal media
lacking Trp and Leu and activate transcription of one (HIS3; lacks Trp, Leu, His), two
[HIS3/ADE2; lacks Trp, Leu, His and Adenine (Ade)] or three [HIS3/ADE2/AUR1-C;
lacks Trp, Leu, His and Adenine (Ade) and includes Aurobasisin A (Aba)]
protein:protein interaction reporter genes. EV, empty vector.
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confirmed that neither Rab11a nor GRAB activated expression of
protein:protein interaction reporter genes when co-transformed
with the cognate empty vector plasmids, and that GRAB did not
bind Rab14 Q70L or Rab14 S25N (Fig. 1).

We next investigated the subcellular distribution of exogenous
GRAB and found that when expressed either as an mCherry, Xpress
or GFP-fusion that the protein was predominantly distributed to
the cytoplasm, with a minor proportion occasionally labelling
punctate structures (Fig. 2C). However, when GFP-fusions of
wild-type Rab11a or Rab11b were co-expressed with mCherry-
GRAB, GRAB was associated with endosomal membranes as evi-
denced by strong co-localisation with wild-type Rab11a and
Rab11b (Fig. 2A and B). Strong co-localisation was also evident
with the dominant-positive Rab11a and Rab11b mutants (Fig. 2A
and B). In contrast, the dominant-negative Rab11a and Rab11b
mutants, which were predominantly cytosolic albeit with a minor
proportion on the perinuclear compartment, displayed little or no
co-localisation with mCherry-GRAB, and GRAB was found to be lar-
gely cytosolic in cells expressing these mutants (Fig. 2A and B). In
contrast to wild-type Rab11a and Rab11b, wild-type Rab25 did not
co-localise with mCherry-GRAB, nor was it capable of shifting
GRAB’s distribution onto cellular membranes (Fig. 2D). The domi-
nant-negative Rab25 mutant (Rab25 T26N) also failed to co-local-
ise with mCherry-GRAB (Fig. 2D), nor did a GFP-fusion of wild-type
Rab14 (data not shown).

To further explore the association of GRAB to Rab11-positive
membranes, we examined the distribution of GRAB in cells
exogenously expressing FIP3. FIP3 is a Rab11 effector protein that
when overexpressed dramatically alters the morphology of the ERC
and condenses ERC marker protein distribution, including Rab11
subfamily members, into the pericentrosomal region of the cell
[7,22–25]. Thus, exogenous FIP3 can be used as a useful tool to
investigate the association of putative ERC-linked proteins to that
compartment. We found in cells co-expressing mCherry-fused
FIP3 and GFP-fused GRAB that GRAB’s distribution was altered by
FIP3 expression whereby it was concentrated on the perinuclear
FIP3-positive compartment (Fig. 2E; and compare with Fig. 2C).

3.2. Rab11a and Rab11b bind the carboxy-terminal region of GRAB

As previously reported, Rab3a binds GRAB within the region
corresponding to amino acid residues 45–221 ([10] and Fig. 3A).
The putative coiled-coil domain present in GRAB, which corre-
sponds to GRAB’s GEF domain, also lies within this region
(Fig. 3A). To determine if Rab11a/Rab11b bind to the same region
of GRAB as Rab3a, we generated a range of GRAB truncation mu-
tants (Fig. 3A) and tested their ability to bind wild-type Rab11a
and Rab11b using the yeast two-hybrid system. We found that
Rab11a/Rab11b failed to bind the carboxy-terminally truncated
GRAB1–263 mutant or GRAB73–163 (data not shown), and only weak
binding was observed with the GRAB1–331 mutant, indicating that
the Rab11 and Rab3a-binding regions of GRAB are distinct
(Fig. 3A and B). In contrast, Rab11a/Rab11b bound the amino-ter-
minally truncated GRAB164–382 mutant under the condition of
highest stringency using this assay (Fig. 3A and B).

We next analysed the subcellular distribution of a selection of
GRAB truncation mutants in HeLa cells transiently expressing
either mCherry or GFP-fusions of various GRAB polypeptides. We
found that, like the wild-type GRAB protein, each of the GRAB trun-
cation mutants tested (GRAB73–163, GRAB1–263 and GRAB1–331

GRAB164–382) were predominantly distributed to the cytoplasm
(Fig. 3C), with a minority of cells occasionally displaying a punctate
pattern (data not shown). When these GRAB truncation mutants
were co-expressed with GFP or mCherry-fused Rab11a, we found
that the truncation mutants that failed to bind Rab11a/Rab11b in
our yeast two-hybrid experiments (GRAB1–263 and GRAB1–331) re-
mained predominantly distributed to the cytosol (Fig. 3D; note
that GRAB truncations were occasionally distributed to puncta that
were negative for Rab11a – as an example, these data are shown in
the GFP-GRAB1–331 panel). The shorter GRAB1–163 and GRAB73–163

truncation mutants also failed to co-localise with Rab11a (data
not shown). In marked contrast, the amino-terminally truncated
GRAB164–382 polypeptide displayed a punctate pattern which
displayed strong co-localisation with Rab11a. These data are con-
sistent with our yeast two-hybrid data which found that
GRAB164–382 encompasses the Rab11-binding region of GRAB.

It has been previously demonstrated that deletion of a six ami-
no acid motif (amino acids 300–305; SLYNEF) in the GRAB-related
protein Rabin8 perturbs its interaction with Rab11 [26]. To deter-
mine if an equivalent motif may be present in GRAB, we analysed
the Rabin8 and GRAB amino acid sequences by ClustalW multiple
sequence alignment. These analyses revealed a short six amino
acid motif present in GRAB (amino acid residues 223–228; ILFAEF)
that shares 50% amino acid identity with the Rabin8 SLYNEF motif
(Fig. 3E). Interestingly this short motif is predicted to form part of
one of the short a-helices present in the carboxy-terminal Rab11-
binding region of GRAB (Fig. 3A). To determine if this region plays a
role in the ability of GRAB to bind Rab11a/Rab11b, we generated a
GRAB deletion mutant which lacks this short motif (GRABD223–228)
and tested it in the yeast two-hybrid system. These data revealed
that GRABD223-228 is deficient in Rab11-binding ability (Fig. 3A
and B). When we examined the distribution of GRABD223–228 in
transiently transfected HeLa cells, it was found to be predomi-
nantly distributed to the cytoplasm (Fig. 3C). However, when we
co-transfected GRABD223–228 with exogenous Rab11a, unlike the
wild-type GRAB protein, GRABD223–228 remains largely cytosolic
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Fig. 2. GRAB co-localises with the Rab11a and Rab11b GTPases. (A–E) HeLa cells were transfected with constructs encoding the indicated proteins. 16–18 h post-transfection,
the cells were processed for immunofluorescence microscopy and, where indicated, immunostained with an anti-Xpress antibody. Images were acquired by confocal
microscopy and represent z-stacks. Scale bar indicates 10 lm.
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and does not co-localise with Rab11a (Fig. 3D). These data are con-
sistent with our yeast two-hybrid data which found that
GRABD223–228 is deficient in Rab11-binding ability.
4. Discussion

In the present study, we have demonstrated that GRAB is a
binding partner for the Rab11a and Rab11b GTPases and that exog-
enous expression of Rab11a or Rab11b shifts GRAB’s distribution
onto membranes. While our yeast two-hybrid studies indicate that
these GTPases bind GRAB in a nucleotide-independent manner, our
cell biology data indicate that the nucleotide-bound status of the
Rab plays an important role. A preference for the GTP-bound Rab,
rather than the GDP-bound form, would be consistent with a role
for GRAB as a Rab11 effector protein, as is believed to be the case
for the related Rabin8 protein [27].

In our studies, we did not observe an interaction between
Rab25 and GRAB. This was somewhat surprising given that
Rab25 is closely related to Rab11a and Rab11b and shares other
effectors with these proteins [5,6]. This raises interesting questions
as to how only two of the three Rab11 subfamily members can
bind GRAB. Interestingly, at the protein level, GRAB was previously
reported to be expressed in rat brain and testes but found to be lar-
gely absent from the other peripheral tissues tested [10]. Given
that Rab25 is epithelial-specific [28], it is conceivable that Rab25
and GRAB would not bind one another. Notably, GRAB mRNA
was found to be widely distributed in rat tissues [10] so we cannot
exclude the possibility that GRAB functions in conjunction with
Rab11 GTPases in a wide variety of tissues and that other factors
such as the rate of turnover of GRAB in some tissues types accounts
for the more confined GRAB expression profile observed at the pro-
tein level.

We have found here that Rab11a and Rab11b bind the carboxy-
terminal region of GRAB. This region encompasses a number of
short a-helices that may mediate the Rab11:GRAB interaction
(Fig. 3A). Consistent with this, our GRAB deletion mutant
(GRABD223–228) which lacks six amino acids that lie within one of
these a-helices was deficient in Rab11-binding ability. As the car-
boxy-terminally truncated GRAB1–331 polypeptide was also defi-
cient in Rab11-binding ability, these data indicate that the region
of GRAB between amino acid residues 164 and 331 is not sufficient
to mediate a robust interaction between GRAB and Rab11a/Rab11b.
This suggests that at least some of the amino acids between resi-
dues 332 and 382, a region that is also predicted to have a-helical
structure (Fig. 3A), are also involved in these interactions.
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Rab3a has been previously demonstrated to bind the amino-ter-
minal, GEF domain-containing, region of GRAB [10]; whereas, here,
we have implicated the carboxy-terminal region of GRAB in medi-
ating the Rab11a/Rab11b interactions. This identifies GRAB as a
dual Rab-binding protein that could potentially couple the action
of Rab GTPases in cells. While we do not know the functional
significance of the GRAB:Rab11 interactions it is tempting to
speculate that GRAB could function in a Rab cascade in which its
activity as an effector for one Rab (Rab11a/Rab11b) could be cou-
pled to its activity as a GEF to another (Rab3a/Rab8a/Rab8b). In this
respect, Rabin8 coordinates Rab11 and Rab8 function during
primary ciliogenesis whereby Rab11 regulates the trafficking of Ra-
bin8 and then stimulates its GEF activity towards Rab8 [27,29,30].
It remains to be determined if GRAB plays a role in this, or other,
Rab11 and Rab8-controlled cellular processes. In a similar way, it
is possible that GRAB might function in a Rab cascade involving
Rab11 and Rab3. Indeed, Rab11b, which like GRAB and Rab3 is en-
riched in the brain, co-localises with Rab3 on secretory vesicles in
PC12 cells, and on mature synaptic vesicles in brain tissue, and
plays a role in calcium-mediated exocytosis [31–34]. Determining
if GRAB coordinates Rab function in these and other cellular pro-
cesses represent exciting challenges for the future.
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