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Abstract

The small GTPase Rab7 controls fusion and transport of late endocytic compartments. A critical mediator is the Rab7 effector RILP
that recruits the minus-end dynein-dynactin motor complex to these compartments. We identified a natural occurring splice variant of
RILP (RILPsv) lacking only 27 amino acids encoded by exon VII. Both variants bind Rab7, prolong its GTP-bound state, and induce
clustering of late endocytic compartments. However, RILPsv does not recruit the dynein-dynactin complex, implicating exon VII in
motor recruitment. Clustering might still occur via dimerization, since both RILP and RILPsv are able to form hetero- and homo-
dimers. Moreover, both effectors compete for Rab7 binding but with different outcome for dynein-dynactin recruitment and transport.
Hence, RILPsv provides an extra dimension to the control of vesicle fusion and transport by the small GTPase Rab7.

© 2006 Elsevier Inc. All rights reserved.
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Compartments of the biosynthetic and endocytic path-
ways continuously undergo fusion and fission events to
maintain their integrity. The family of Rab GTPases regu-
lates these processes. Beside regulating membrane fusion,
Rab GTPases also regulate membrane transport [1-4]. In
principle, one single Rab can regulate distinct steps in these
processes by binding to one or more effector proteins.
Moreover, each Rab member localizes to a specific com-
partment and cycles between an active GTP-bound state
and an inactive GDP-bound state, thereby providing a
temporal and spatial resolution in the regulation of mem-
brane transport and fusion, for review see [4-8].

Rab7 is a key regulator in transport and fusion of late
endosomes and lysosomes [9-14]. Three Rab7 effectors
have been described, Rab7-interacting lysosomal protein
(RILP), oxysterol-binding protein (OSBP)-related pro-

" Corresponding author. Fax: +31 02 5122029.
E-mail address: j.neefjes@nki.nl (J. Neefjes).
! These authors contributed equally to this work.
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tein-1L (ORPIL), and Rabring7 [1,15-17]. Rabring7 has
a zinc finger domain and specifically interacts with Rab7-
GTP. Expression of Rabring7 results in clustering of late
endosomes and lysosomes in the perinuclear area [16].
ORPIL expression can also induce lysosomal clustering.
ORPIL has a conserved OSBP-related ligand-binding
domain, an N-terminal extension with three ankyrin
repeats, and a pleckstrin homology domain (PHD). RILP,
which is unrelated to ORP1L and Rabring7, also interacts
with Rab7-GTP and overexpression induces clustering of
late endosomes and lysosomes [1,15]. In addition, both
RILP and ORPIL can induce recruitment of the motor
complex dynein-dynactin onto late endosomes and lyso-
somes, which facilitates their transport towards the
minus-end of the microtubules [1,17].

Recently, the Golgi-restricted Rab34 has been implicat-
ed in lysosomal positioning [18]. Overexpression of wild
type or constitutively active Rab34 resulted in clustering
of late endosomal and lysosomal compartments in the per-
inuclear area. Although the precise mechanism has not

79



been revealed, it could be due to interaction with RILP
[18].

Two RILP-like proteins have been identified, RLP1 and
RLP2 [19], which share two highly conserved RILP homol-
ogy domains, RHI and RH2. Interestingly, both RLP1 and
RLP2 are unable to bind to Rab7 and cannot induce lyso-
somal clustering. Yet, insertion of a domain of RILP (aa
274-333), containing the recently identified Rab7-binding
domain, causes RLP1 to interact with Rab7 and to induce
clustering of late endosomes and lysosomes [20].

Here, we describe a splice variant of RILP (RILPsv)
lacking exon VII (aa 315-342). RILPsv still interacts with
Rab7-GTP, but it lacks the ability to induce recruitment
of the dynein-dynactin complex. However, like RILP,
RILPsv can dimerize and is able to induce clustering of
Rab7-positive compartments. Co-expression of full-length
RILP can restore motor recruitment in RILPsv-expressing
cells indicating that RILP can compete with RILPsv for
Rab7 binding in vivo. Thus, splice variants can add an
additional layer of complexity to regulation of intracellular
vesicle transport.

Materials and methods

Plasmids. Wild type Rab7 [11,21] and Rab5 [22,23] were subcloned
into the bacterial expression vectors pRP261 to generate glutathione-S-
transferase (GST) fusion proteins. For myc-tagging Rab7 was cloned into
pcDNA3. For yeast two-hybrid assay, the Rab7 binding half of RILP and
RILPsv were both cloned into pACT. Rab7wt, Rab7Q67L, Rab7T22N,
and Rab7I125N were after deletion of the CAAX box cloned into the
pGBT9 (Stratagene). GFP-Rab7wt, GFP-RILPdeltaN (aa 199-401), and
RILP-myc were described before [1].

RILPsv was subcloned into eukaryotic expression vector pcDNA3
(Invitrogen) with or without myc-tag introduced by PCR. All PCR
products were sequence verified. For GFP-tagging both RILP and RILPsv
were subcloned into the eukaryotic EGFP-CI1 vector (Clontech).

RT-PCR. Human tissue RNAs were obtained from D. Atsma
(Pathology, Netherlands Cancer Institute) isolated from lung, lymph
node, and intestine. RNAs were isolated from the cell lines T47D (breast
carcinoma), 603D (melanoma), and WiDR, and Colo205 (colon carci-
noma) by TriZol following the manufacturer’s protocol. mRNAs tran-
scribed using SuperScript™ II reverse transcriptase (Invitrogen) by
oligo(dT). The first-strand cDNA synthesis was performed using oligo’s
QS (654-673 bp) and QAS3 (1218-1238 bp). This product was used in a
second nested PCR using WTS (751-768 bp) and QAS3.

Antibodies and markers. The following antibodies were used: rabbit
polyclonal anti-CD63 [24] and mouse monoclonal anti-CD63 (Cymbus
Biotechnology), mouse monoclonal anti-EEA-1 (BD Transduction labo-
ratories), mouse monoclonal anti-Golgin-97 (Molecular Probes), mouse
monoclonal anti-dynactin p50 and mouse monoclonal anti-p150°**! (BD
Transduction laboratories), mouse monoclonal anti-vsv (P5SD4F7) and
mouse monoclonal anti-myc (9E10), and rabbit polyclonal anti-RILP [1].
For immuno-staining, antibodies were diluted in PBS containing 0.5% BSA.
Alexa 488- or Texas Red/Alexa 568-conjugated mouse or rabbit secondary
antibodies were used (Molecular Probes, Leiden, The Netherlands).

For living cell analyses, lysosomal compartments were labeled by
LysoTracker Red (Molecular Probes, Leiden).

Tissue culture. The human melanoma cell line Mel JuSo was maintained
in Iscoves medium (GIBCO-BRL) supplemented with 7.5% FCS, 2 mM
glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin. Mel JuSo
stably transfected with GFP-Rab7 [1] were maintained in the same medium
supplemented with 500 pg/ml G418 (GIBCO-BRL). The cells were grown at
37°C under 5% CO,. HeLa cells were maintained in Iscoves medium

(GIBCO-BRL) supplemented with 7.5% FCS, 2 mM glutamine, 100 U/ml
penicillin, and 100 pg/ml streptomycin. Cells were transiently transfected by
polyethylenimine 25 kDa (PEI) transfection (Polysciences). The transfec-
tants were cultured for 24-48 h prior to fixation or further processing.

Micro-injection and confocal analyses. For micro-injection, cells were
seeded on coverslips in medium lacking G418 24 h before the experiment,
to achieve 40-60% confluency at the time of injection. Cells were injected
on a heated xy stage of an Olympus XL70 microscope equipped with an
Eppendorf manipulator 5171/transjector 5246 system. Usually, 50-100
cells were injected intranuclearly with a mix of cDNAs (100-200 ng/pl).
Texas Red Dextran-70 (Molecular Probes, Leiden) was used as injection
marker. Cells were subsequently cultured at 37 °C and, 3-7 h after micro-
injection, living cells were analyzed or cells were fixed and immuno-stained
before analysis. Fixation was either in 3.7% formaldehyde for 15 min
followed by permeabilization in 0.1% Triton X-100 or in methanol
(=20 °C) for 2 min. All experiments presented were repeated several times
on different days and results were consistent and reproducible.

Confocal analyses were performed using a Leica TCS SP confocal
laser-scanning microscope (CLSM) equipped with an Argon/Krypton
laser (Leica Microsystems, Heidelberg, Germany). Green fluorescence was
detected at 4> 515 nm after excitation at 2 =488 nm. For dual analyses,
green fluorescence was detected at 2 =520-560 nm. Red fluorochromes
were excited at 4 = 568 nm and detected at 4> 585 nm.

Fluorescence recovery after photobleaching. Fluorescence recovery
after photobleaching (FRAP) experiments were performed as described
[1,25]. In brief, Mel JuSo cells expressing GFP-Rab7 were grown on
coverslips in Iscoves medium lacking G418 at least 48 h before the
experiment. cDNA encoding RILP or RILPsv mixed with 70 kDa TxR-
dextran were introduced by micro-injected and cells were analyzed in
culture chamber at 37 °C by CLSM. A small set of fluorescent vesicles
was bleached for 1's by a high intensity laser beam and the fluorescence
recovery in the bleached spot was quantified. LysoTracker Red was
used to identify the bleached vesicles. When RILP or RILPsv was
introduced, FRAP analysis was performed 1-4 h after micro-injection in
cells where clustering of the Rab7-positive vesicles was apparent. The
experiments were performed on multiple cells and at various days.
Because the bleached vesicles were not completely stationary their
positions were tracked by LysoTracker Red and corrected with a pro-
gram written in Matlab (Mathworks).

Expression and purification of recombinant proteins. RILP and RILPsv
were expressed in Escherichia coli strain Rosetta(DE3)pLysS (Novagen) at
20 °C overnight as hexahistidine-tagged (Hisg-tagged) fusions using the
pETM-11 expression vector (kind gift of Gunther Stier, EMBL, Heidel-
berg, Germany). After collection, bacteria were resuspended in buffer A
(25mM Hepes, pH 7.5, 300mM NaCl, complete EDTA-free tablets
(Roche), | mM PMSF, 5mM B-mercaptoethanol, 10 mM imidazole, and
0.05% (v/v) Triton X-100) and lysed by sonication on ice. All subsequent
steps were performed at 4 °C. Lysates were loaded onto pre-equilibrated
BD Talon Metal Affinity (Clontech) resin and washed with buffer A
containing 20 mM imidazole. The resin was then packed into a column
and bound proteins were eluted with buffer A containing 400 mM imid-
azole. Eluted proteins were concentrated in storage buffer (25 mM Hepes,
pH 7.5, 300mM NaCl, and 10% (v/v) glycerol) using a Vivaspin-2
concentrator (Vivascience), shock-frozen, and stored at —80 °C.

Rab7 was cloned into pET-28a (Novagen) and expressed as Hisq-tag
fusion in E. coli strain BL21(DE3)pLysS. Recombinant His-Rab7 protein
was purified under native conditions by affinity-chromatography using
NiZ™ according to the manufacturers (Qiagen).

Rab7 and Rab5 were expressed in Rosetta(DE3)pLysS as GST fusions
using the expression vector pRP261, a derivative of pGEX-3X (Amersham
Biosciences). GST-fusions were affinity-purified using the glutathione—
Sepharose 4B resin (Amersham Biosciences) as described by the manu-
facturer. Protein concentration was determined using the Bradford protein
concentration assay (Bio-Rad) calibrated with bovine serum albumin
standards.

Pull-de assays and i analysis. For the GST pull-down
assay, 100 pg of GTPyS preloaded GST-Rab7 or GST-Rab5 immobilized
on 20 pl of packed glutathione-Sepharose 4B (Amersham Biosciences)

bl
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resin was used per 5 x 10 Mel JuSo cells. For the His-tag pull-down assay,
20 pg of either Hisg-RILP or Hise-RILPsv was immobilized on 10 ul of
packed Talon resin.

Mel Juso cells were electroporated with either GFP-RILP or GFP-
RILPsv. At 24-30 h after electroporation, cells were washed twice with
PBS and lysed for 20 min on ice in binding buffer (20 mM Hepes, pH 7.5,
100 mM NaCl, 0.1% (v/v) Nonidet P-40, 5mM EDTA, 10 mM MgCl,,
ImM DTT, and Complete EDTA-free protease inhibitor cocktail
(Roche)). Total lysates were cleared by centrifugation at 12,000g for
10 min at 4 °C. Supernatants were incubated with immobilized GST-
fusions or Hisg-fusions for 2 h at 4 °C. Resin fractions were washed five
times with 20 mM Hepes, pH 7.5, 150 mM NaCl, 0.1% (v/v) Nonidet P-40,
10 mM MgCl,, and 1 mM DTT and resuspended in reducing Laemmli
sample buffer. Protein samples were separated by SDS-PAGE, transferred
onto PVDF membranes and probed with polyclonal anti-GFP before
detection by ECL (Amersham).

In vitro GTPase assay. GTPase activity in solution was assayed by
release of [*?PJPi using a modified charcoal binding assay [26,27]. Hise-
Rab7 (50 pmol) was preloaded with 4 pl of [y-**PIGTP (5000 Ci/mmol,
Amersham Biosciences) in preload buffer (50 mM Tris/HCl, pH 7.5,
250 mM NaCl, 1 mM DTT, 5% (v/v) glycerol, and 0.5 mg/ml BSA) sup-
plemented with 10 mM EDTA on ice for 2 hin 10 pl total volume. Preload
reactions were diluted with 20 pl of preload buffer supplemented with
20 mM MgCl, prior to passage at 4 °C through a P-6 polyacrylamide
Micro Bio-Spin column (Bio-Rad) pre-equilibrated with preload buffer
supplemented with 10 mM MgCl,.

The effect of RILP or RILPsv on the intrinsic GTP hydrolysis of Rab7
was analyzed by incubating preloaded Hise-Rab7 in reaction buffer
(40 mM Tris/HCI, pH 8.0, 8 mM MgCl,, | mM DTT, and 2 mM GTP)
alone (intrinsic hydrolysis) or with 3 uM of Hise-RILP, Hiss-RILPsv, or
BSA. Reactions were performed for 5h at 25 °C. Triplicate timed 50 pl
aliquots were mixed with 1 ml of 7% activated charcoal (w/v) in 10 mM
KH,PO, on ice. The mixture was vortexted, and centrifuged at 3000g for
5min at 4 °C, and the [**P]Pi release in the pellet fraction was quantified
by liquid scintillation counting.

Results

RILPsv, a natural occurring splice variant of the Rab7
effector RILP

Late endosomal and lysosomal transport is regulated by
the small GTPase Rab7 and its effector RILP (Rab7-
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interacting lysosomal protein) [1,15]. Upon activation,
Rab7 interacts with RILP, thereby recruiting the minus-
end motor complex dynein—dynactin, which results in the
accumulation of late endosomal/lysosomal compartments
at the microtubule-organizing center (MTOC) [1].

Beside RILP, an alternatively spliced variant of RILP
(RILPsv) was identified in the original yeast two-hybrid
screen with Rab7. This variant lacks amino acids 315~
342, encoded by exon VII, which represents a proline-rich
region (Fig. 1A). RILPsv still contains the two coiled-coil
regions and the spliced region partially overlaps with the
area interacting with Rab7 and regulating clustering of late
endosomes and lysosomes [19,20]. In the two-hybrid
screen, the splice variant still interacted with Rab7, yet
the preference for the GTP-bound form seemed less
pronounced (Table S1).

Several human est sequences for RILP were found in
the database that specifically lacks exon VII (data not
shown). Moreover, RILPsv appeared to be present in
different cell types and tissues, which is shown by RT-
PCR (Fig. 1B). Two products corresponding to the
expected sizes for, respectively, RILP and RILPsv
appeared in the nested PCR using oligo’s located in exon
VI and VIII (Fig. 1B). As a positive control cDNA
encoding RILP was used.

Ectopic expression of RILPsv causes clustering of late
endocytic compartments

RILP induces clustering of late endosomal and lysosom-
al compartments tightly around the MTOC [1,15]. To com-
pare the phenotypes of RILPsv and RILP, both proteins
were expressed in Mel JuSo cells. Cells were fixed and
stained for RILP (Fig. 2A, middle panels) and RILPsv
(Fig. 2B, middle panels). The early endosomes and Golgi
apparatus were identified by the markers EEA-1 (Figs.
2A and B, lower-left panel) and Golgin (Figs. 2A and B,

v P pr sk ia sk
GGG COA TCC ARA ATA GAG AGT TTC 342

-« RILPsv
Fig. 1. A natural occurring splice variant of the Rab7 effector RILP. (A) Schematic representation of RILP (CC: represents the predicted coiled-coil region)

and the amino acid sequence corresponding to exon VII, aa 315-342, absent in RILPsv is depicted by the gray box. (B) RNA isolated from indicated tissues and
cell lines were analyzed by RT-PCR. PCR was performed with oligo’s flanking exon VII and product sizes of both RILP and RILPsv are indicated.
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A Input GST-Rab7 GST-Rab5
RLP SV RILP SV RILP SV
-— -

Rab7T22N

Fig. 3. Functional Rab7 is required for late endocytic clustering induced by RILPsv. (A) Equal amounts of GST-Rab7 or GST-Rab5 coupled to
glutathione-Sepharose beads were incubated with cell lysates from Mel Juso cells expressing GFP-RILP or GFP-RILPsv. Proteins were transferred to
PVDF and visualized by anti-GFP. RILP and RILPsv bind to GST-Rab7 (lanes 3 and 4), but not to GST-Rab5 (lanes 5 and 6). (B) Dominant-negative
Rab7T22N was co-expressed in molar excess with RILP (upper panels) or RILPsv (lower panels) via micro-injection and immuno-labeled for CD63 (left
panel) and RILP/RILPsv (middle panels). Co-expression of Rab7T22N (expression verified in single labeling; not shown) partially reversed the

phenotypes of RILP and RILPsv (lower panels), shown by dispersed instead of clustered lysosomes (right panel). Bars equal 10 pm.

middle-left panel). RILPsv as well as RILP only affected
the distribution of late endosomal and lysosomal compart-
ments marked by CD63 (Figs. 2A and B, upper-left panel).
The early endosomes were unaffected. It should be noted
that the Golgi was still located perinuclearly, only the posi-
tion of the late endosomes and lysosomes relative to the
Golgi was affected. Whereas late endosomes and lysosomes
in RILP-expressing cells moved inside the Golgi area, they
remained clustered around or in-between the Golgi in
RILPsv-expressing cells.

When the clusters were analyzed in more detail, we
observed that the effect of RILP and RILPsv on late endo-
somal/lysosomal positioning was different. Whereas RILP
induced a tight cluster of late endosomal/lysosomal com-
partments (Fig. 2A), RILPsv induced a less condensed,
more dispersed cluster and often smaller separated clusters
are observed (Fig. 2B). In HeLa cells, where late endo-

»

somes and lysosomes have a more dispersed localization,
the difference between RILP and RILPsv is even more
apparent (Figs. S1 and S2). These results indicate that exon
VII affects clustering of late endosomes and lysosomes.

Functional Rab7 is necessary for late endosomalllysosomal
clustering induced by RILPsv

Both RILPsv and RILP interact with Rab7 in yeast two-
hybrid assay. However, RILP induced a stronger transacti-
vation, suggesting that it associates with Rab7 with a high-
er affinity (Table S1). To biochemically confirm that Rab7
interacts with both, RILP and RILPsv, Mel JuSo cells were
transfected with ¢cDNA encoding either EGFP-tagged
RILP or RILPsv. Twenty-four hours after transfection,
cells were lysed. Lysates were incubated with GST-Rab5wt
or GST-Rab7wt immobilized on glutathione beads and

N

Fig. 2. RILPsv causes clustering of late endocytic compartments. (A) CLSM analyses of Mel Juso cells expressing either RILP or (B) RILPsv,
immunolabeled with anti-CD63 (upper panel), anti-Golgin (middle panel) or anti-EEA-1 (lower panel). Both RILP and RILPsv only affect the localization
of late endosomes and lysosomes as observed by clustering of CD63-positive compartments. Both EEA-1 and Golgi distribution are not affected, although
the Golgi is partially repositioned when late endosomes and lysosomes occupy the space around the MTOC. Insets of the RILP clusters are shown in the
upper right corner of the panel. Bars equal 10 pm.
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bound proteins were detected by Western blotting with
anti-GFP. Both EGFP-RILP and EGFP-RILPsv were
pulled down only with GST-Rab7 and not with the related
GST-Rab5 (Fig. 3A).

The involvement of Rab7 in the formation of the lyso-
somal clustering induced by RILPsv was studied in more
detail by co-expression of a dominant-negative mutant of
Rab7, Rab7T22N. High expression of Rab7T22N results
in dispersion of the late endosomes and lysosomes. Upon
co-expression with RILP, Rab7T22N can partially reverse
RILP-induced clustering [1]. Cells were fixed and stained
for CD63 (Fig. 3B, left panels), RILP or RILPsv
(Fig. 3B, middle panels) 7 h after co-injection of cDNAs
encoding, respectively, RILP or RILPsv and Rab7T22N.
Clustering was reversed in a low percentage of the RILP-
expressing cells, whereas almost all RILPsv-expressing cells
showed a dispersed phenotype (Fig. 3B). Note the differ-
ence in distribution between RILP and RILPsv when co-
expressed with Rab7T22N; RILPsv dissociated from the
membrane, whereas RILP remained associated to the
membrane. This again suggests that RILP interacts more
strongly with endogenous Rab7 than RILPsv.

Binding of RILPsv to Rab7 prolongs its GTP-bound active
state

Fluorescent recovery after photobleaching (FRAP) was
successfully used to study the GTPase activation cycle of
EGFP-tagged Rab7 [1,28]. After bleaching a portion of
membrane-bound EGFP-Rab7, the recovery of fluorescence
in the bleached spot was measured in time by CLSM. The
recovery represents GTP hydrolysis and replacement of
bleached membrane-bound EGFP-Rab7 with fluorescent
EGFP-Rab7 from the cytosol, and thus represents the
Rab7 activation cycle. Using this approach we showed that
RILP locks Rab7 in the active, membrane-bound form [1].

To determine whether RILPsv has a similar effect on the
Rab7 cycle, RILP or RILPsv was expressed in a Mel JuSo
cell line stably expressing EGFP-Rab7. As shown before,
in wild type EGFP-Rab7 expressing cells the mobile frac-
tion (the percentage of maximal recovered EGFP-Rab7)
is 64% (Figs. 4A and B) [1,28]. RILP expressing cells
showed rapid clustering of the EGFP-Rab7 containing ves-
icles and a concomitant drop in the mobile fraction of
EGFP-Rab7 to approximately 10% (Figs. 4A and B).
Expression of RILPsv had a similar effect on recovery;
after bleaching, only 20% of the EGFP-Rab7 was recov-
ered (Figs. 4A and B). In both cases an accurate recovery
time (t;/,) could not be determined.
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Fig. 4. RILPsv arrests Rab7 in the active state. (A) The Rab7 GTPase
cycle was studied using FRAP. A portion of GFP-Rab7 compartments in
control cells and cells expressing RILP or RILPsv were bleached and
recovery of fluorescence in the bleached spot was plotted in a recovery
curve. The fluorescence was related to the initial fluorescence set at 100%,
t =0 is the first measurement after the bleach. (B) Quantifications of the
mobile fractions deduced from the recovery curves including SE are
depicted (n=>5-10). (C) An in vitro assay was used to measure the
GTPase cycle using [y-""PIGTP, in which the hydrolysis of GTP was
followed in time by monitoring the release of [**PJPi. [**P]Pi is slowly
released from GTP-Rab7 (filled squares). Addition of His-RILP (open
circles) and His-RILPsv (closed circles) significantly reduced the GTP
hydrolysis rate of Rab7. BSA had no effect on the hydrolysis of Rab7
(open squares) and hydrolysis of Rab5 was not affected by the addition of
His-RILP or His-RILPsv (data not shown).

»

Ll

Fig. 5. RILPsv fails to recruit dynein motors to late endocytic compartments. (A) CLSM analysis of Mel Juso cells ectopically expressing either RILP
(upper panel) or RILPsv (middle and lower panels). RILP and RILPsv were labeled with anti-RILP (middle panels) and dynein—-dynactin motors were
visualized by anti-p150°"d (left panels). (B) Motor recruitment in RILP and RILPsv expressing cells was quantified. Values are given as mean percentage
of p150°"*d recruitment + error bars indicating the standard deviation (>100 injected cells counted in two independent experiments). RILPsv shows a
major reduction in dynein-dynactin motor recruitment. (C) Co-expression of RILP in RILPsv-expressing cells could restore the motor recruitment. RILP

and RILPsv were expressed via micro-injection and labeled with anti-RILP (right panels) and dynein-dynactin motors were labeled by anti-p15

(middle panels). Bars equal 10 pm.
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Beside the in vivo approach using FRAP, we used an
in vitro approach using [y-°P]JGTP to study the effect
of Hisg-RILP and Hisg-RILPsv on the intrinsic GTPase
activity of Rab7 [26,27]. Quantification of [**P]Pi released
from GTP-bound Rab7 showed that even after 5h of
hydrolysis saturation was not reached. This is consistent
with the rather slow intrinsic GTPase activity of Rab7
[29] (Fig. 4C).

In order to test the effect of RILP and RILPsv on the
hydrolysis rate of Rab7, His¢-RILP or Hiss-RILPsv pro-
teins were incubated with [y->*P]GTP loaded Rab7. Consis-
tent with the FRAP data, addition of either Hiss-RILP or
Hisg-RILPsv resulted in a significant decrease in GTP
hydrolysis of Rab7 (Fig. 4C). Equimolar amounts of
BSA had no effect on the GTP hydrolysis rate of Rab7
(Fig. 4C). Moreover, the addition of either Hiss-RILP or
Hisg-RILPsv did not affect the hydrolysis rate of Rab5
(data not shown). Taken together, these data show that
both RILP and RILPsv can strongly reduce Rab7 hydroly-
sis thereby keeping Rab7 in the active GTP-bound state.

Exon VII is critical for recruiting the minus-end dynein
motor to late endocytic compartments

Although RILPsv like RILP interacts with Rab7, it
results in a different phenotype upon ectopic expression.
RILP has been shown to induce recruitment of the dyne-
in—dynactin complex to late endosomal and lysosomal
compartments [1]. To investigate whether RILPsv shares
this ability with RILP, we injected cDNA encoding RILP
or RILPsv in Mel Juso cells. After fixation, the p150©Md
subunit of the dynein—dynactin complex was detected. In
RILP expressing cells, tight RILP-positive clusters were
formed labeling for the p150°™ subunit (Fig. 5A, upper
panels). However, co-staining with p150°™* was usually
not observed in cells expressing RILPsv (Fig. 5A, lower
panels). Quantification shows a significant decrease of
approximately 70% in the recruitment of p150™ to the
RILPsv-positive compartments (Fig. 5B). These findings
indicate that exon VII is involved in the recruitment of
the dynein—dynactin complex.

Interestingly, co-expression of RILP in RILPsv-
expressing cells could restore motor recruitment
(Fig. 5C), indicating that full-length RILP can compete
with RILPsv for dynein recruitment to Rab7-positive
compartments.

RILP and RILPsv both form hetero- and homo-dimers

Although RILPsv does not recruit the dynein—dynactin
motor, it still induces clustering of late endocytic compart-
ments. Other proteins have been described that cause clus-
tering of late endosomal/lysosomal compartments
independent of dynein—dynactin recruitment, such as
mVPS18 and hVam6p [30,31]. These proteins are able to
form homo-oligomers, which are critically involved in their
ability to induce clustering. In addition, recent structural
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Fig. 6. RILP and RILPsv form hetero- and homo-dimers Mel Juso cells
expressing GFP-RILP or GFP-RILPsv were lysed and incubated with
either His-RILP or His-RILPsv coupled to Talon beads. Bound proteins
were analyzed by immuno-blotting probed with anti-GFP antibodies. His-
RILP and His-RILPsv can form both hetero- and homo-dimers with
GFP-RILP and GFP-RILPsv. Non-transfected cells were used as a
control.

data revealed that RILP acts as a dimer interacting with
two Rab7 molecules [20]. To test the ability of RILP and
RILPsv to form heterodimers, cells were electroporated with
either EGFP-RILP or EGFP-RILPsv. Twenty-four hours
after electroporation, cells were lysed and lysates were incu-
bated with either Hisg-RILP or Hisg-RILPsv. Subsequently,
lysates were run over a Ni' column to isolate the His-tagged
proteins. Bound proteins were detected by Western blotting
probed with anti-GFP (Fig. 6). Hiss-RILP recruited both
EGFP-RILP and EGFP-RILPsv. Moreover, Hisg-RILPsv
also interacted with EGFP-RILPsv. Thus, both RILP and
RILPsv can form hetero- and homo-dimers, which might
be responsible for the dynein-independent clustering of late
endocytic structures in case of RILPsv.

Discussion

Late endosomal and lysosomal biogenesis is regulated
by heterotypic and homotypic fusion, and bidirectional
transport along microtubules to bring vesicles in close con-
tact, for review see [4,6-8,32,33]. A key regulator in these
processes is the small GTPase Rab7 [9-14]. Thus far, three
Rab7 effectors have been described: Rabring7, RILP, and
ORPIL [1,15-17]. All effectors induce lysosomal clustering.
Additionally, ORPIL and RILP sequester dynein—dynactin
motors onto lysosomal compartments resulting in a tight
accumulation around the MTOC [1,17]. Here, we describe
a natural occurring splice variant of RILP (RILPsv) lack-
ing exon VII. Exon VII contains a proline-rich domain
which is involved in protein—protein interactions. Like
RILP, RILPsv also induces lysosomal clustering (albeit
not as tight as RILP), but does not induce the recruitment
of the dynein motor complex. This defines a proline-rich
region of 27 amino acids, representing exon VII, involved
in transferring a signal from Rab7 to the dynein motor
complex.

Recently, Wang et al. [19] described two RILP-like pro-
teins, RLP1 and RLP2, containing two highly conserved
RILP homology domains. These proteins do not associate
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with Rab7-positive compartments and do not affect the
position of late endosomes and lysosomes. However, intro-
duction of a 62 amino acid domain of RILP (274-333)
could restore the ability of RLPI to bind to Rab7 and to
induce clustering of late endosomes and lysosomes.

RILPsv lacks amino acid 315-342, but still interacted
with Rab7. This is in accordance with the observations
by Wu et al. [20] that amino acids 241-320 of RILP are
required for Rab7 binding, of which the main part is
contained within RILPsv. Moreover, like RILP, RILPsv
can lock Rab7 in the active, membrane-bound state as is
shown by both the FRAP analyses and the GTPase assay.
This is supported by the recently published crystal struc-
ture of Rab7 and RILP showing that RILP is a dimer sur-
rounded by two GTP-loaded Rab7 proteins. The regions in
RILP that contact the switch and interswitch regions of
Rab7 are still present in RILPsv [20]. Interestingly, expres-
sion of RILPsv results in a different phenotype compared
to that induced by RILP. This difference is more evident
in HeLa cells, which have a less pronounced perinuclear
localization of late endosomes and lysosomes compared
to the melanoma-cell line Mel JuSo. We showed that the
ability of RILPsv to induce recruitment of the minus-end
dynein-dynactin motor complex is largely reduced, impli-
cating exon VII in motor recruitment. Previously, we have
shown that a deletion mutant of RILP lacking the N-termi-
nal half (RILP-AN), still containing exon VII, fails to
recruit the dynein motor as well [1]. Thus information in
both the N-terminus and exon VII of RILP is required
for dynein motor recruitment. Moreover, we show that
RILP can compete with RILPsv for Rab7 binding, thereby
inducing dynein motor recruitment. Thus, two products
from the same gene can induce different effects in terms
of motor protein recruitment, but compete for the same
binding site: Rab7-GTP.

Although RILPsv cannot efficiently recruit the minus-
end dynein motor, it induces late endosomal clustering.
Two other late endosomal/lysosomal-associated proteins
cause similar clustering without inducing dynein motor
recruitment, mVPS18 and hvamé6p [30,31]. These proteins
are mammalian homologues of subunits of the yeast homo-
typic fusion complex, HOPS, which is involved in vacuolar
fusion [34-42]. A common feature of mVPS18 and hvam6p
is their CLH (clathrin homology) domain, which is essen-
tial for clustering of late endosomes and lysosomes. In
addition, this domain appeared to be involved in homo-
oligomerization and interaction with other components of
the HOPS complex [30,31,43,44].

RILP has no CLH domain, but both RILP and RILPsv
are able to hetero- and homo-dimerize. This might explain
the observed phenotype for RILPsv. No dynein motor is
recruited, but the hetero- or homo-dimerization of RILPsv
with itself or endogenous RILP still results in clustering of
lysosomal compartments, comparable to mVpsl8 and
hvam6p. Yet, only full-length RILP induces dynein—dynac-
tin motor recruitment resulting in a compact lysosomal
cluster.

Our data describe a natural occurring splice variant of
the Rab7 effector RILP lacking only 27 amino acids encod-
ed in exon VII. This 27 amino acid, proline-rich stretch is
critical for dynein-motor recruitment to Rab7-positive
compartments and transport of these compartments to
the microtubule minus-end. We show an example of a
splice variant of an effector protein that adds an additional
layer of complexity to the regulation of vesicle fusion and
transport by Rab proteins.
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