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Running title: Rab24 and the endocytic pathway

Synopsis: The Rab GTPases family coordinates the endocytic pathway. We have found Rab24 as a
component of the endosome-lysosome degradative route. We demonstrate that Rab24 forms a complex
with Rab7 and RILP on the membranes of LE, and its activity is essential for Rab7 membrane recruitment
and DQ-BSA degradation. Additionally, overexpression of the HOPS subunit Vps41 hampered the
Rab24/RILP association. Our data support that Rab24 owns a molecular function in the last steps of the
endosomal degradative pathway via its interaction with critical components of the pathway.

Abstract

Endocytosis is a multistep process engaged in extracellular molecules internalization. Several proteins
including the Rab GTPases family coordinate the endocytic pathway. The small GTPase Rab7 is present
in late endosome (LE) compartments being a marker of endosome maturation. The Rab interacting
lysosomal protein (RILP) is a downstream effector of Rab7 that recruits the functional dynein/dynactin
motor complex to late compartments. In the present study, we have found Rab24 as a component of the
endosome-lysosome degradative pathway. Rab24 is an atypical protein of the Rab GTPase family, which
has been attributed a function in vesicle trafficking and autophagosome maturation. Using a model of
transiently expressed proteins in K562 cells, we found that Rab24 co-localizes in vesicular structures
labeled with Rab7 and LAMP1. Moreover, using a dominant negative mutant of Rab24 or a siRNA-Rab24
we showed that the distribution of Rab7 in vesicles depends on a functional Rab24 to allow DQ-BSA
protein degradation. Additionally, by immunoprecipitation and pull down assays, we have demonstrated
that Rab24 interacts with Rab7 and RILP. Interestingly, overexpression of the Vps41 subunit from the
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homotypic fusion and protein-sorting (HOPS) complex hampered the co-localization of Rab24 with RILP or
with the lysosomal GTPase Arl8b, suggesting that Vps41 would affect the Rab24/RILP association. In
summary, our data strongly support the hypothesis that Rab24 forms a complex with Rab7 and RILP on
the membranes of late compartments. Our work provides new insights into the molecular function of
Rab24 in the last steps of the endosomal degradative pathway.

Introduction

Endocytosis is a multistep process for extracellular solutes or particles internalization. Even
though endocytosis can be achieved through phagocytosis, macropinocytosis, clathrin-coated vesicles or
caveolaes, the final destiny of some of the internalized molecules is their recycling while others are
degraded. Initially, the endocytosed cargo localizes in a vesicle called early endosome (EE) where
molecules are sorted. Then, some molecules take the recycling pathway toward the plasma membrane,
via recycling compartments. Others proteins follow the degradation process through vesicle maturation to
late endosomes (LE) [1], [2]. Finally, LE endosomes fuse with lysosomes where cargo degradation takes
place [3].

Several proteins including the Rab GTPases family coordinate the endocytic pathway. Rabs are
considered molecular switches that organize membrane traffic. These proteins cycle between a GDP-
bound to a GTP-bound state controlling vesicles formation, movement, tethering, docking and fusion to the
target compartment [4].

In EE, Rab5 is the small GTPase that regulates the kinetics of both, lateral fusion of EE and
fusion of newly formed vesicles, derived from the plasma membrane, with EE [5]. On the other hand,
Rab11 is known to be associated with recycling endosomes and regulates the recycling process of
endocytosed proteins. Rab11 is transported to the cell periphery through association with recycling
carriers, and directly regulates vesicle exocytosis at the plasma membrane [6]. The small GTPase Rab7 is
localized in LE compartments, where it plays a fundamental role controlling late endocytic membrane
traffic [7]. Rab7 defines the maturation of endosomes, directing the trafficking of cargos along
microtubules, participating in the final fusion step with lysosomes [8]. Through interaction with its partners
(including upstream regulators and downstream effectors), Rab7 participates in multiple regulation
mechanisms of endosomal sorting, lysosome biogenesis, phagocytosis and autophagy [8]-[10].

RILP (Rab interacting lysosomal protein) is a 45 kDa protein acting as a downstream effector of
Rab7 that specifically binds Rab7-GTP at its C-terminus [11]. RILP recruits the functional dynein/dynactin
motor complex to Rab7-containing LE and lysosomes. Consequently, these compartments are transported
by the mentioned motor toward the minus end of microtubules, effectively inhibiting their transport toward
the cell periphery [12].

Although the participation of many proteins has been fully characterized, the complete set of
molecules involved in LE and lysosome fusion remains to be elucidated. In the present study, we have
found that Rab24 is a component of the endosome-lysosome degradative pathway. Rab24 is an atypical
protein of the Rab GTPase family which has been proposed to function in vesicle trafficking and
autophagosome maturation [13]; however, its exact role remains poorly defined.

Rab24 differs from other Rab proteins in that it has low intrinsic GTPase activity and cannot be
efficiently prenylated [14], [15]. Besides, very little is known about Rab24 postraductional modifications,
regulation, interacting proteins and targets. Olkkonen and collaborators found that Rab24 was distributed
at the endoplasmic reticulum/cis-Golgi region and on LE structures [16]. In a subsequent study, we
demonstrated a change in the distribution of Rab24 upon starvation co-localizing with the autophagosomal
protein LC3, suggesting that this Rab protein is involved in the autophagic pathway [13]. Other studies
have demonstrated that Rab24 may have a role in the degradation of misfolded proteins and trafficking of
molecules to the nuclear envelope [17]. We have also demonstrated that Rab24 is recruited to Coxiella
burnetii-containing compartments [18], a phagolysosomal-like compartment that is also labeled by the
autophagic proteins LC3 and Beclin1 [19]. More recently, we also analyzed the distribution of Rab24
during cell division and its interaction with microtubules, showing that similarly to Rab5, Rab24 is involved
in chromosome congression [20].

To date, it is unclear whether Rab24 has a specific participation in vesicle trafficking. In this work
we present evidence indicating that Rab24 has a role in the endosome/lysosome degradation route. Using
K562 cells as a model, we have found that Rab24 interacts with Rab7 and its effector RILP in late
endocytic compartments, a process that is necessary for vesicle trafficking to the microtubules organizing
center to allow protein degradation. Strikingly, either the expression of a dominant negative mutant of
Rab24 or the knockdown of the protein caused a dramatic change in Rab7 distribution becoming mostly
cytosolic, indicating that the activity of Rab24 is critical for Rab7 association with vesicular structures. Our
present data indicate that Rab24 form a complex with Rab7 and RILP, allowing endosome-lysosome
fusion. In this event the role of Rab24 seems to be crucial for Rab7 activation, anchoring to the membrane
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and functioning of downstream effectors. Thus, our work highlights novel insights into the function of
Rab24 in the last steps of the endosomal degradative pathway by interacting with critical molecular
participants.

Results
Rab?24 associates to late endosome/ lysosomal structures labeled with Rab7

Rab24 is an atypical Rab GTPase whose function is mostly unknown. We have previously
demonstrated that Rab24 is involved in autophagy; however, the specific steps in which this factor plays a
role remain to be determined [13]. It is well known that Rab GTPases are molecular switches whose
conformation alternates between GTP-bound active and a GDP-bound inactive [4]. In general, the GTP
active form anchors to membranes whereas the GDP-bound form remains mostly as a soluble protein in
the cytoplasm. In order to get further insights into Rab24 functions, we assessed the distribution of this
protein in K562 cells. For this purpose, either a wild type (wt) Rab24 or a GDP-bound dominant negative
mutant (Rab24 T21N) tagged with GFP or RFP were employed. When either GFP- or RFP- Rab24 wt were
overexpressed in K562 cells, the protein presented mostly a reticular pattern, though many vesicular
structures were also found. In contrast, and as expected, the Rab24 T21N mutant presented a soluble
diffuse distribution similar to that presented by GFP or RFP vectors (supp. fig. 1A).

Since we observed a partial vesicular distribution of Rab24 wt, it was of interest to determine
whether these vesicles corresponded to early, recycling or late endosomes/lysosomes. Hence, Rab24 wt
was co-expressed with markers for those compartments such as Rab5, Rab11 and Rab7, respectively,
and the proteins distribution was analyzed by confocal microscopy. As shown in figure 1A a-f, no major co-
localization of Rab24 with Rab5 or Rab11 was observed. Besides, Rab24 maintained both its reticular and
vesicular distribution patterns. Surprisingly, when cells were co-transfected with Rab7, the Rab24-reticular
distribution changed and most of the Rab24 markedly co-localized with Rab7 in vesicular structures (fig.
1A g-i). A similar change in distribution was observed in cells co-transfected with LAMP-1 (fig. 1A j-I). In
addition, the Rab24-positive vesicular structures were also labeled with LysoTracker, a marker of acidic
compartments (m-0). The degree of co-localization between the markers studied is shown in figure 1B
where the strong association of Rab24 to Rab7-positive vesicles can be observed.

These results indicate that a fraction of Rab24 co-localizes in vesicular structures labeled with late
endosomal/lysosomal markers. Furthermore, it could be observed that the overexpression of Rab7 or
LAMP1 markedly changes Rab24 distribution towards a vesicular pattern, where the proteins strongly co-
localize.

Rab7 distribution in vesicular structures requires a functional Rab24

As indicated above, the GTP active forms of Rab proteins anchor to membranes whereas the
GDP-bound forms remain mostly as soluble proteins in the cytoplasm. To study the effect of Rab24 activity
in the localization of other Rab GTPases, we co-expressed the dominant negative mutant Rab24 T21N
with Rab5, Rab11 or Rab7. Rab24 T21N showed a typical cytosolic distribution and no changes in the
vesicular distribution of Rab5 and Rab11 were observed (fig. 2A a-f) as compared to cells transfected with
GFP or RFP vectors alone (supp. fig.1B). In contrast, the co-expression of Rab24 T21N with Rab7 caused
a dramatic change in Rab7 distribution because the latter became mostly cytosolic (fig. 2A g-i). However,
the negative form of Rab24 did not significantly affect the distribution of LAMP1 or LysoTracker-labeled
vesicles (supp. fig. 2A), indicating that the effect was specific for the distribution of Rab7 and not for the
whole late endosome/lysosomal compartment. Interestingly, when Rab24 T21N was co-expressed with the
active GTPase deficient mutant of Rab7 (i.e. Rab7 Q76L), this Rab7 mutant maintained its normal
vesicular distribution (fig. 2A j-I).

To confirm the requirement for Rab24 in Rab7 attachment to vesicular membranes, we silenced
the expression of Rab24 with a specific SiRNA to knockdown (KD) this protein, and the Rab7 distribution
was then evaluated. As a control, we used a scrambled siRNA. The knocking down of Rab24 was
assessed by Western blot and the decrease in Rab24 levels is shown in supplementary figure 2B and C.
When GFP-Rab7 was overexpressed in Rab24 KD cells, a similar effect to that achieved upon co-
expression with the dominant negative mutant Rab24 T21N was observed. As shown in figure 2B, in
siRNA-scrambled cells, Rab7 was localized in typical vesicles whereas in Rab24 KD cells, Rab7 presented
a more cytosolic distribution, indicating that critical levels of Rab24 are required for Rab7 association to
vesicular structures. The quantification of these observations is presented in figure 2C.

Taking together, these observations suggest that the distribution of Rab7 wt depends on the
presence of a functional Rab24 to allow the activation of Rab7, whereas when the latter protein is already
in its GTP conformation it is not affected by the absence of an active Rab24.
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Rab?24 activity is required for endo/lysosomal degradation

It is well known that Rab7 is necessary for fusion of late endosomes with lysosomes and cargo
degradation [21]. To test if Rab24 participates in this process, we overexpressed Rab24 wt or Rab24 T21N
and evaluated the degradation of DQ-BSA, a self-quenched fluorogenic substrate for lysosomal proteases,
which requires an enzymatic cleavage in an acidic degradative compartment to emit fluorescence. As
shown in figure 3A panels a-c, cells expressing Rab24 wt were able to break down DQ-BSA as indicated
by the presence of punctate fluorescent structures whereas, in cells expressing Rab24 T21N a non-
fluorescent DQ-BSA was observed (fig. 3A d-f). The z-stack images showed that none, or only a few
vesicles labeled with fluorescent DQ-BSA were visualized in Rab24 T21N cells (supp. fig. 3A panels a),
strongly suggesting that lysosomal degradation is hampered in cells overexpressing the Rab24 dominant
negative mutant.

In order to confirm the requirement of Rab24 for the normal functioning of the late
endosomal/lysosomal pathway, we assessed DQ-BSA degradation in Rab24 KD cells. Similarly to the
effect of the overexpressed Rab24 T21N, Rab24 KD impaired DQ-BSA degradation (fig. 3A panels g-I)
and this inhibitory effect was not overcome by co-expression with Rab7 wt (fig. 3A panels m-r and
quantification in figure 3B). As shown in the z-stack images of Rab24 KD cells, no DQ-BSA degradation
was observed (supp. fig. 3 panels b and c). Furthermore, the hampering of DQ-BSA proteolysis due to
possible inhibition of internalization of the probe was ruled out, since no alterations in dextran or transferrin
incorporation in cells expressing Rab24 wt or Rab24 T21N, as well as in Rab24 KD cells was observed
(supp. fig. 3B and C). Thus, we conclude that a functional Rab24 is essential for endo-lysosomal
degradation.

Rab24 interacts with Rab7 and its effector RILP

Given that Rab24 activity seems to be required for Rab7 association with vesicles, it was of
interest to analyze the potential connection of Rab24 with Rab7 effectors. RILP is a downstream effector
that specifically binds to GTP-bound Rab7 via its C-terminal domain [11]. Overexpression of RILP causes
the clustering of the endo/lysosomal compartment in the perinuclear region by interacting with
dynein/dynactin motor proteins that transport vesicles to minus-end microtubules toward the microtubule
organizing center [12].

To determine whether the distribution of RILP was affected by overexpression of Rab24, K562
cells were co-transfected with either GFP- Rab24 wt or GFP/RFP -Rab24 T21N, and RFP- RILP wt or
RFP-RILP AN, a truncated form of the protein lacking the N-terminal domain of RILP (A199). The truncated
RILP mutant is able to bind Rab7 but interacts deficiently with the microtubule motors, therefore, the
transport toward the cell center is hampered [12]. Firstly, we analyzed the distribution of Rab7 in K562
cells overexpressing RILP wt or the truncate mutant. In agreement with previous results [12], Rab7
strongly co-localized with either RILP wt or the RILP AN, which is in line with the ability of Rab7 to
associate with both, RILP wt or with the C-terminus truncated mutant of RILP (please see supp. fig. 4B).

We next analyzed the distribution of the proteins in cells co-expressing Rab24. Interestingly, when
co-expressed with RILP wt most of the reticular distribution of Rab24 wt changed to a vesicular pattern
strongly co-localizing with RILP in the perinuclear region (fig. 4A a-c), indicating that the overexpression of
RILP favors the vesicular association of Rab24 and drives the Rab24/RILP-positive vesicles toward the
cell center. Similarly, we observed a marked co-localization of Rab24 with the dynactin subunit p150Glued
in vesicular structures (supp. fig. 7A, a-c). In contrast, in cells overexpressing the truncated mutant RILP
AN, the majority of Rab24 wt remained reticular and no vesicular co-localization with the more dispersed
(and sometimes enlarged) vesicles generated by this RILP mutant was observed (fig. 4A, panels d-f). The
degree of co-localization of Rab24 wt and RILP wt or RILP AN is clearly depicted in figure 4B. These
results suggest that the N-terminal domain of RILP is important for its association with Rab24.
Interestingly, in cells overexpressing the dominant negative mutant Rab24 T21N, RILP wt -labeled vesicles
clustered in the cell center (panels g-i), whereas the vesicles labeled with the RILP AN truncated mutant
presented the expected more disperse distribution, but no co-localization with the Rab24 mutant was
observed since the Rab showed the usual cytosolic distribution (panels j-I).

We next analyzed the Rab24 distribution when the protein was co-expressed with another
microtubule-related protein. FYCO1 is a Rab7 effector that interacts with the motor proteins kinesins to
transport vesicles to the plus-end microtubules [22]. Unlike RILP, no co-localization between FYCO1 and
Rab24 was observed. Even though vesicles were labeled with FYCO1, Rab24 acquired only a reticular
distribution (supp. fig. 7A d-f), indicating that Rab24 does not associate with the vesicles recruiting FYCO1.

Altogether, these data indicate that the overexpression of RILP wt induces the recruitment of
Rab24 to vesicular structures, most probably to exert its function in the late Rab7-positive endo/lysosomal
compartment. Besides, given that the difference between RILP wt and RILP AN is restricted to amino acids
1-199, we speculate that this region of RILP might be implicated in the interaction with Rab24. In addition,
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the lack of co-localization with FYCO1 suggests that Rab24 associates with vesicles trafficking toward the
minus-end microtubules.

Given the strong relationship between Rab24 and Rab7, and its effector RILP, we then evaluated
if these two Rabs are part of the same protein complex. To this end, we studied the possible interaction of
these proteins by immunoprecipitation. The K562 cells were co-transfected with constructs expressing
myc-Rab24 and GFP-Rab7 or GFP-RILP and immunoprecipitations were performed using an anti-myc
resin. Interestingly, we found that Rab7 and RILP co-immunoprecipitated with Rab24 whereas as a control,
immunoprecipitation of the GFP vector alone with Rab24 was not observed (fig. 5A). Next, in order to
address the possible direct interaction between the proteins we carried out several pull down assays using
purified recombinant proteins. As shown in figure 5B Rab24 was able to bind RILP wt (lane 2) but not to
the truncated mutants indicated as RILP1 (GST-RILP1-198) or RILP2 (GST-RILP199-401) corresponding
to the amino- and carboxi-terminal half of the proteins, respectively, indicating that the full length protein is
required for this interaction. In addition, Rab24 directly interacted with Rab7 (lane 8) but not with Rab3,
Rab6 or just GST (control) indicating the specificity of this association. Moreover, in order to determine if
the binding of Rab24 and Rab7 was dependent on the active state of both GTPases a pull down assay
using the wt proteins or the corresponding dominant negative mutants was performed. The results
depicted in figure 5C clearly indicate that the Rab24/Rab7 interaction depends on the active state of both
proteins (i.e. GTP conformation). Thus, taken together these findings allow concluding that Rab24 forms a
complex with Rab7 and RILP, likely participating in the transport of vesicles toward the minus-end
microtubules.

The HOPS subunit Vps41 hinder the Rab24-RILP association

The homotypic fusion and protein-sorting (HOPS) complex is a multisubunit tethering complex
that regulates membrane fusion events with the vacuole in yeasts. Mammalian homologs of all HOPS
components have been described, with Vps41 and Vps39 being required for late endosomal-lysosomal
fusion events and for the delivery of the endocytic cargo to lysosomes in human cells [23]. Furthermore,
the Vps41 subunit of the HOPS complex has been described as the major partner interacting with RILP.
Besides, this interaction is independent of Rab7 [24]. Since Rab24 seems to participate in the endosome-
lysosome fusion process and forms a complex with RILP/Rab7, we assessed whether this Rab is also
connected with Vps41. To this end, we used K562 cells to co-express HA-Vps41 with GFP-Rab24, GFP-
Rab7, GFP-LAMP1, RFP-RILP wt, RFP-RILP AN, or the GFP vector alone. Then, the HA-Vps41 was
stained by immunofluorescence and the proteins distribution was analyzed by confocal microscopy. As
shown in figure 6A a-c, Vps41 co-expressed with the GFP vector had a vesicular pattern distributed
throughout the cytoplasm and this pattern did not undergo important alterations when Vps41 was co-
expressed with the other constructs (fig. 6A d-r). Specifically, in the Vps41 with Rab24 co-expression, the
last one maintained a reticular distribution with a few Rab24-labeled vesicles (fig. 6A d-f). The number of
Vps41 vesicles co-localizing with every protein was similar for Rab24, Rab7, LAMP1 and RILP wt, with the
exception of RILP AN which the number of co-localizing vesicles was low (fig. 6B).

There is evidence indicating that in mammals, HOPS subunits are not recruited by Rab7 but by its
effector RILP. Van der Kant et al. have demonstrated that Vps41 exhibits a low affinity for Rab7 alone, a
10-15-fold higher affinity for RILP and even higher affinity for RILP associated with Rab7 [25]. Since
Rab24 co-localizes with RILP wt, but not with RILP AN (fig. 4), and knowing that the difference between
those RILPs is related to amino acids involved in the Vps41 recruitment [25], we performed triple co-
expressions to analyze the Vps41, RILP and Rab24 distribution by confocal microscopy. As shown in
figure 7A, co-localizations of RFP-Rab24 with GFP-Rab7 or GFP-LAMP1 were maintained in cells co-
expressing HA-Vps41 (panels a-h), suggesting that Vps41 does not compete with Rab24 for Rab7 and
LAMP1 association because the co-localization levels were high (fig. 7B), similarly to the degree of co-
localization observed in figure 1. In contrast, when HA-Vps41 was co-expressed with GFP-Rab24 and
RFP-RILP wt, no co-localization of these proteins was detected. In this case RILP maintained its typical
vesicular pattern while Rab24 was lead to a more reticular distribution (fig. 7A panels i-I). However, the co-
expression of HA-Vps41 did not affect the co-localization of GFP-Rab7 and RFP-RILP wt (fig. 7A m-p and
B). Taking into account previous data on RILP and Vps41 interaction [24], our present results suggest that
Vps41 would be affecting the Rab24/RILP association.

Recently, Khatter et al. have demonstrated that the small GTPase Arl8b, but not Rab7, is
essential for membrane localization of the human Vps41 subunit [26]. Since Arl8b interacts directly with
Vps41 and since we have shown that Vps41 hinders the Rab24/RILP association and induces a reticular
pattern of Rab24, we studied the effect of Arl8b in the Rab24/RILP association. For this purpose, we co-
expressed GFP-Ari8b with HA-Vps41, RFP-RILP and RFP- or myc-Rab24 in K562 cells and analyzed the
proteins distribution by confocal microscopy. In this case, we evinced some co-localization between GFP-
Arl8b and HA-Vps41 and a marked co-localization with RFP-RILP (fig. 8A d-i). In addition, a high co-
localization between RFP-Rab24 and GFP-Arl8b was also observed, indicating that the proteins were
recruited to the same vesicular compartments (fig. 8A j-I). On the other hand, in triple transfection
experiments, the expression of HA-Vps41 caused the dissociation of RFP-Rab24 and GFP-ArI8b (fig. 8B
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a-d), similarly to the disrupting effects caused by Vps41 in the RILP/Rab24 association (see figure 7).
Interestingly, the co-expression of GFP-Rab24 did not appear to prevent the association between RFP-
RILP and myc-Arl8b; however, Rab24 maintained a reticular pattern (fig. 8B e-h). Considering these
results, it would seem that the elevated levels of Vps41 achieved either through the protein overexpression
or through the induction of its recruitment via overexpression of Arl8b, disrupt the association of Rab24
from RILP-positive vesicular structures.

Discussion

Central molecules in ensuring that cargos are delivered to their correct destinations are the Rab
GTPases, that control membrane identity and vesicle budding, uncoating, motility and fusion through the
recruitment of effector proteins [27]. Many cascade mechanisms define directionality in traffic and
guarantee that different Rabs do not overlap in the pathways that they regulate [28].

In the early endocytic pathway, Rab5 regulates the homotypic fusion of EEs, and fusion of plasma
membrane-derived endocytic vesicles with EEs [29]. While the degradative cargo concentrates in
progressively fewer and larger endosomes that migrate from the cell periphery to the center, Rab5 is
rapidly replaced with Rab7 as the mechanism of cargo progression between early and LEs [30].
Afterwards, in the late endosomal compartment, Rab7 and its effector RILP play a fundamental role in the
transport of the endocytic cargo to the lysosome [11].

Many functions and interactions of members involved in endosome maturation and cargo
degradation remain to be elucidated. In this regard, Rab24 is a poorly characterized GTPase of the Rab
family that has been found in the endoplasmic reticulum/cis-Golgi region and on late endosomal structures
[16]. Under normal nutrient conditions, Rab24 presents a reticular distribution around the nucleus in CHO
cells. In contrast, in amino-acid starvation-induced autophagy, the distribution of Rab24 shifts towards
punctate structures that co-localize with markers for autophagic vacuoles, such as LC3 and
monodansylcadaverine [13]. Other studies carried out with the drs gene product suggest that drs interacts
with Rab24 in the autophagosome and that it may regulate the fusion of autophagosomes with lysosomes
[31]. The participation of Rab24 in the final stages of autophagy was recently demonstrated in HelLa cells
under nutrient-rich conditions, showing the relevance of this rab during the clearance of the degradative
autophagic compartments [32].

Considering the scanty information about the role of Rab24 in vesicle trafficking, we analyzed the
function of this Rab in endosome maturation in a K562 cell model. The K562 is a chronic myeloid leukemia
cell line that has long been used as a substrate to perform studies on vesicle trafficking, Rabs [33]-{36]
and autophagy [37]-[39]. In addition, we considered this cell line as an appropriated model for our studies
since we found by Western blot that it presents high levels of endogenous Rab24 compared to other cell
lines such as HelLa, CHO and B16FO0 cells (supp. fig. 7B and C).

It has been demonstrated that Rab24 is distributed in the cytoplasm, mainly in the ER /cis-Golgi
region and on late endosomal structures in several cell lines as BHK, HeLa, MDCK, NmuLi, CHO, HEK293
and NIH3T3 mouse fibroblasts [40]. In K562 cells, as well as in other cell lines as HeLa, CHO, B16F10 and
COS-7 we found that the endogenous Rab24 (supp. fig. 7D) and the overexpressed Rab24 presents a
reticular-ER like distribution with some vesicular formations. When Rab24 was co-expressed in K562 cells
with markers of early endosomes (Rab5) or recycling endosomes (Rab11), Rab24 maintained a reticular
pattern and only a few vesicles co-localized with Rab5 or Rab11. In contrast, co-expression of Rab24 with
markers of late endosomes/lysosomes (i.e. Rab7 and LAMP1) caused dramatic changes in Rab24,
becoming more vesicular and showing a strong co-localization with both proteins. Furthermore, a marked
co-localization with the acidotropic probe LysoTracker was also observed, strongly supporting that Rab24
is related to late endosomal/lysosomal vesicles. The co-localization between overexpressed Rab24 and
Rab7 was also observed in other cell lines including B16F10 and COS-7 cells. This co-localization was
also confirmed, analyzing the distribution of overexpressed Rab7 and the endogenous Rab24 in K562,
B16F10 and COS-7 cells (see supplementary figure 5 and 6). These findings suggest that the
overexpression of Rab7 proteins favors Rab24 association to late endocytic compartments.

Co-expression of Rab5, Rab11 or Rab7 with the dominant negative mutant of Rab24 (Rab24
T21N, the GDP-bound form) in K562 cells showed that Rab24 T21N maintained a normal cytosolic
distribution and no evident alterations in Rab5 or Rab11 vesicles were observed but, surprisingly, when we
analyzed the Rab7-Rab24 T21N co-expression the Rab7-labeled vesicles practically disappeared and
Rab7 became cytosolic with a homogeneous distribution. Then, similar results were obtained when Rab24
was depleted with a siRNA-Rab24, a treatment that induced the cytoplasmic dispersion of Rab7. The
effect of Rab24 T21N overexpression in Rab7 distribution was also analyzed in other cells lines such as
HelLa, CHO and B16F0 showing the same effect: the cytosolic dispersal of Rab7 (data not shown)
indicating that the Rab24 dominant negative mutant effect was independent on the cell type used. It has
previously been reported that Rab7 is associated with late endocytic structures, mainly lysosomes, which
aggregate and fuse in the perinuclear region. Upon expression of the dominant-negative mutant Rab7
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T22N, which is localized mainly to the cytosol, the perinuclear lysosome aggregate disappeared and
lysosomes, identified by LAMP1, became dispersed throughout the cytoplasm, with a marked reduced
acidity determined by the LysoTracker probe [41]. However, according to our present results neither
Rab24 T21N nor Rab24 KD seemed to alter GFP-LAMP1 and LysoTracker-labeled vesicles, suggesting a
normal lysosome biogenesis while the activity of Rab24 is affected. Although this contradictory last issue
has not been studied intensively our results indicate that in K562 cells the activity of Rab24 is necessary
for the recruitment of Rab7 to vesicles.

Since Rab7 controls aggregation and fusion of late endocytic structures and degradation of the
endocytosed cargo [41], we evaluated whether Rab24 was required for this process. Using the fluorogenic
substrate DQ-BSA we observed a hampering of BSA degradation in cells expressing Rab24 T21N as well
as in Rab24 KD cells. The latter effect could not be reverted by the co-expression with Rab7 wt, indicating
the requirement of Rab24 in this degradative process. Despite the fact that BSA degradation was
abrogated in cells expressing Rab24 T21N or in Rab24 KD cells, its endocytic capacity seemed not to be
altered because they were able to take up dextran and to internalize transferrin. Our results are consistent
with the reported inhibition of the degradation of 2% |abeled low density lipoproteins (125I-LDL) in cells
transfected with the Rab7 dominant negative mutant, whereas in these cells, the internalization of '%I-LDL
was not affected either [7]. More recently, Vanlandingham and Ceresa studied the role of Rab7 in
trafficking between late endosomes and lysosomes and showed that Rab7 is dispensable for delivery of
cargo (as the epidermal growth factor receptor (EGFR)) to the late endosome, but is required for efficient
fusion of the LE to the lysosome [42]. In the present report we have observed that the lack of activity of
Rab24 affects the recruitment of Rab7 to vesicles and abrogates the cargo degradation. Thus, our findings
strongly support the idea that Rab24 would play a fundamental role in controlling late endocytic membrane
trafficking and that this protein is required for endosomal/lysosomal degradation.

RILP has been identified as an interacting partner of the GTPases Rab7, Rab12, Rab34 and
Rab36 [43]-[45]. Active Rab7 recruits RILP on the late endosomal/lysosomal vesicles; therefore, RILP
plays a role as a Rab7 effector controlling the transport to degradative compartments. Indeed, RILP
induces recruitment of dynein—dynactin motor complexes to Rab7-containing late endosomes and
lysosomes [46]. In our experiments, RILP wt recruited Rab24 wt in vesicles, but the RILP AN mutant
(which maintains the interaction with Rab7 but does not interact with the dynein-dynactin motor complex
[25], [46]) did not recruit Rab24, maintaining Rab24 its reticular form. The fact that Rab24 co-localizes with
RILP is consistent with our results showing Rab24-Rab7 co-localization, but in the case of RILP AN the
lack of co-localization led us to hypothesize that the N-terminal extension of RILP could be implicated in
the Rab24 recruitment. The direct association between RILP and different Rabs (Rab24 among them) has
been studied by yeast two-hybrid screening and the authors have only found interaction of RILP with
Rab7, Rab34 and Rab36 [45]. Nevertheless, we assessed the ability of Rab24 to associate with RILP by
performing immunoprecipitation and pull-down assays, finding that only the wt form of Rab24 interacted
with Rab7 wt and RILP wt, and there was no interaction with the GDP form of Rab7 or the truncated forms
of RILP. Therefore, the confocal microscopy analysis, the immunoprecipitation and pull-down experiments
indicated that it is likely that Rab24 forms a complex with Rab7 and RILP, contributing to regulate late
endocytic traffic.

The HOPS complex is a multisubunit tethering conglomerate that regulates membrane fusion
events with the lysosome. The complex consists of the class C core complex supplemented with Vps39
and Vps41, and both are required for late endosomal-lysosomal fusion events and the delivery of
endocytic cargo to lysosomes in human cells [23]. It is known that RILP interacts with HOPS, recruiting
their subunits to the late endosomal compartment. Structurally, the N-terminal extension of RILP interacts
with the HOPS complex, and the Vps41 subunit has been identified as the major partner in this interaction
[24]. In the present study we have analyzed the effect of Vps41 overexpression on Rab24-RILP
association and we observed that Vps41 partly co-localized with Rab24, Rab7, LAMP1 and RILP wt but
the levels of co-localization were very low with the truncated mutant RILP AN. In addition, in triple co-
expression experiments with Vps41, the co-localization of Rab24 and Rab7 or LAMP1 was maintained but
the co-localization of Rab24 with RILP wt was affected, leading to a Rab24 reticular distribution, exposing
that high levels of Vps41 interfere with the association of Rab24-RILP in vesicles. Further, we also
observed these results in the B16F 10 cells (data not shown). Taking into account the work of Van der Kant
[25] and Lin [24] who have demonstrated that Vps41 interacts with the N-terminal extension of RILP, it is
likely that high levels of Vps41 would be competing for the interaction of Rab24 with RILP. Although, in our
pull-down assays there was no direct interaction between Rab24 and the N-terminal truncated form of
RILP, it may be possible an indirect interaction with this fragment. Alternatively, since the full length RILP
is necessary for the Rab24/RILP association, it is likely that overexpression of Vps41 which binds with high
affinity to the N-terminal domain may interfere with the stable interaction of Rab24/RILP. It is also possible
that the excess of Vps41 may sequester Rab24, hampering its interaction with the late vesicular
compartment. Further experiments are necessary to demonstrate the specific regions of Vps41 and Rab24
involved in this association.
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The Arf-like GTPase Arl8b has been identified as a critical regulator of cargo delivery to
lysosomes [47]. The HOPS complex subunits are effectors of Arl8b and have been found to be dependent
on it for recruitment to lysosomes, suggesting that Arl8b-HOPS plays a role in directing the traffic to
lysosomes [47]. It has recently found that Arl8b is essential for the membrane localization of Vps41 and

that the assembly of the core HOPS subunits to Arl8b- and Vps41-positive lysosomes is guided by their

subunit—subunit interactions [26]. Since our results indicate that Vps41 strongly affects the Rab24-RILP co-
localization, we also assessed the role of Arl8b in this association. Consequently, we found that Arl8b
markedly co-localized with Rab24 when both proteins were co-expressed. However, the Vps41 co-
expression abrogates the Arl8b-Rab24 co-localization. Likewise, when Arl8b was co-expressed with RILP
and Rab24, Arl8b and RILP maintained their co-localization in vesicles but Rab24 redistributed to a
reticular pattern. We also settled these experiments in B16F10 cells showing similar consequences.
Taking together our results, we propose a model depicted in figure 9 in which excess Vps41 either by
overexpressing the protein or by increasing its recruitment via Arl8b would interfere with the association of
Rab24 from the Rab7/RILP complex. Taking into account previous works indicating that the Vps41
interaction with RILP and ArI8b is necessary for late endosome and lysosome fusion [24], [26] we believe
that Rab24 dissociates from the Rab7/RILP complex after the Vps41 recruitment to late
endosome/lysosome vesicles.

In summary, we have demonstrated, using a model of transiently expressed proteins in K562 cells
that Rab24 participates in the late steps of the endocytic pathway contributing to the late
endosomal/lysosomal degradative process. In addition, our data strongly support a model in which Rab24
forms a complex with Rab7 and RILP at the membranes of late endosomes and lysosomes and that the
activity of Rab24 is essential for Rab7 membrane recruitment. Then, when the HOPS complex is engaged
to RILP and Arl8b, the Rab24 protein would no longer be necessary, adopting a reticular pattern. It is
evident that further experiments will be necessary to determine the specific domains of Rab24 involved in
these complex interactions and to fully understand the intricate relationship among these molecular
associates.

In the last few years many studies have found the gen expression of Rab24 as a risk factor for
some illnesses such as multiple sclerosis [48], tuberculosis [49], [50], hereditary ataxia [51], and ischemic
events [52]. Since these findings suggest the involvement of Rab24 in pathological processes, it seems
crucial to study the role of Rab24 and its interacting partners in the vesicular transport, at the level of the
degradation steps, in order to find biomarkers for diagnosis or for the improvement of treatments.

Materials and Methods
Antibodies, reagents, plasmids and siRNA

For immunofluorescence microscopy and Western blot, the following antibodies were used: mouse anti-HA
(Sigma, Buenos Aires, Argentina), rabbit anti-myc (Santa Cruz, Buenos Aires, Argentina), mouse anti-
Rab24 (BD Bioscience, Buenos Aires, Argentina), mouse anti-GFP (Abcam, Buenos Aires, Argentina),
Cy3 anti-rabbit, Cy5 anti-mouse, rabbit anti-GST (Abcam, Buenos Aires, Argentina) and HRP- anti-mouse
(Jackson, Georgia, USA). Another mouse anti-Rab24 antibody was generated for our lab as previously
reported [20]. To label endocytic compartments, cells were incubated overnight with 70 kDa dextran-texas
red (Molecular probes, Buenos Aires, Argentina) and with transferrin alexa fluor 633 (Invitrogen, Buenos
Aires, Argentina) for 15 minutes, and for labeling acidic organelles the incubation was done with
LysoTracker red (Molecular probes, Buenos Aires, Argentina) for 1 h. To test lysosomal degradation of the
endocytosed cargo, cells were incubated overnight with DQ-BSA (Invitrogen, Buenos Aires, Argentina).
siRNA-mediated Rab24 knockdown was performed using a siRNA against Rab24 obtained form Integrated
DNA Technologies Inc. (Coralville, lowa, USA) and the scrambled siRNA from Bioneer (Buenos Aires,
Argentina). The generation of the GFP-Rab24 and GFP-Rab24 T21N constructs has been described
elsewhere [13] and the RFP-Rab24, RFP-Rab24 T21N, GST-Rab24 and GST-Rab24 T21N constructs
were obtained using standard subcloning procedures. The myc-Rab24 plasmid was kindly provided by
William A. Maltese (Medical College of Ohio, USA). GFP-RILP and RFP-Rab7 was kindly provided by
Mauricio Terebiznik (University of Toronto, Toronto, Canada). RFP-RILP, RFP-RILP AN, GFP-p150Glued,
GST-RILP wt, GST-RILP1(1-198) and GST-RILP2(199-401) were generously given by Jacques Neefjes
(The Netherlands Cancer Institute, Amsterdam, The Netherlands). GFP-Rab7 and GFP-Rab7 Q67L were
kindly provided by Bo van Deurs (University of Copenhagen, Copenhagen, Denmark). GST-Rab7, GST-
Rab7 T22N and GST-Rab6 were generously supplied by Bruno Goud (Curie Institute, France). mCherry-
FYCO1 was provided by Terje Johansen (Institute of Medical Biology, University of Tromsg, Norway). HA-
Vps41 was given by Corlinda ten Brink (University Medical Centre Utrecht, Utrecht, The Netherlands). The
generation of RFP-Rab11 construct has previously been described [53]. GFP-Arl8b was generously
provided by Roberto Botelho (Department of Chemistry and Biology, Ryerson University, Toronto, ON).
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Cell culture

K562 cells (ATCC) were cultured in T25 flasks and 6 well dishes in RPMI medium (Life Technologies,
Buenos Aires, Argentina) supplemented with 10% fetal bovine serum (PAA, Buenos Aires, Argentina), 50
IU/ml penicillin and 50 pg/ml streptomycin, at 37 °C, in a 5% CO2 humidified culture hood. HeLa, CHO,
B16F0, B16F10 and COS-7 cells were incubated in the same conditions in RPMI, D-MEM or alfa-MEM
media according to the ATCC recommendations.

Transfection and immunofluorescence

DNA constructs, scrambled siRNA and Rab24-siRNA were transfected into K562 cells by electroporation
following standard procedures. Briefly, for every condition, 4x10° cells were suspended in 250 yl RPMI
with 20 mM HEPES pH 7, 40 mM NaCl and 10 pg of plasmid or 100 nM siRNA. Then, electroporation was
performed in a Bio-Rad electroporator through one pulse at 230 V and 975 pF. Subsequently; cells were
placed in complete RPMI medium and incubated for 24 h (plasmids) or 72 h (siRNA). HeLa, CHO, B16FO,
B16F10, and COS-7 were transfected by similar procedures. For immunofluorescence, cells were fixed in
4% paraformaldehyde/PBS, quenched with 50 mM ammonium chloride/PBS and permeabilized with 0.5%
BSA, 0.1% saponin in PBS, at room temperature for 15 min every step. Samples were incubated with
primary antibodies overnight and with the corresponding secondary antibody for 2 h. After 3 washes with
PBS, cell suspensions were mounted and observed in an Olympus FV1000 confocal microscopy. The 2D
image spectral deconvolutions, as well as co-localization analysis were performed with the ImageJ
software (Imaged 1.48v, National Institute of Health, USA). The quantification of the degree of co-
localization of two channels reflecting the fraction of two fluorophores co-localizing was performed by
Manders’ M1/M2 co-localization coefficients [54].

Immunoprecipitation and immunoblot analysis

K562 cells transiently expressing myc-Rab24, GFP-Rab7, GFP-RILP, or GFP vector were harvested and
placed in lysis buffer (Tris-HCI pH 7.4, 150 mM NaCl, 10 mM MgCl,, 0.5% Triton X-100 and a protease
inhibitor cocktail (Calbiochem, Buenos Aires, Argentina)). Lysates were subjected to immunoprecipitation
with a polyclonal rabbit anti-myc antibody (Santa Cruz, Buenos Aires. Argentina) and protein-A coupled
agarose beads (Millipore, Buenos Aires, Argentina). Briefly, lysates were pre-cleared by incubation for 30
min with protein-A agarose beads. For the immunoprecipitation pre-cleared lysates were incubated with
anti-myc protein-A agarose for 6 h at 4°C. Pull-down assays were performed with the purified recombinant
proteins GST-RILP, GST-RILP1 (1-198), GST-RILP2 (199-401), GST-Rab7, GST-Rab7 T22N, GST-Rab6,
GST-Rab3, Rab24, Rab24 T21N, and GST alone. Glutathione sepharose beads (GE healthcare, Buenos
Aires, Argentina) were pre-coated with the GST-proteins in PD buffer (25 mM HEPES pH 7.4, 100 mM
NaCl, 5 mM MgCl,, 1% Triton X-100 and protease inhibitor cocktail) at 4°C for 1 h, in a rotating shaker.
Then, the purified Rab24 or Rab24 T21N was incubated with the beads at 4°C for 6 h in the presence of
0.5 mM GTPyS. A fraction corresponding to 10% of the mix was kept to run in a SDS-gel (input) and the
90% of the mix was washed 3 times with the PD buffer. Subsequently, the beads and the supernatant
were re-suspended in DTT sample buffer, boiled and loaded onto the gel. For Western blot, lysates from
cells equivalents/lane were made in DTT sample buffer, analyzed in 15% SDS-PAGE and transferred to
nitrocellulose membranes (GE healthcare, Buenos Aires, Argentina). Membranes were then incubated
overnight with primary antibodies followed by 2 h with a secondary HRP antibody. Immunological reactions
were revealed with ECL reagents (Millipore) and analyzed in an ImageQuant LAS 4000.

Degradative compartments analysis

Lysosomal degradation was analyzed by confocal microscopy using DQ™ Red BSA (self-quenched red
BODIPY dye conjugated to BSA. Red DQ-BSA requires enzymatic cleavage in acidic intracellular
lysosomal compartments to generate a highly fluorescent product that can be monitored by confocal
microscopy. K562 cells overexpressing Rab24 or silenced for this protein were incubated in RPMI media
containing DQ-BSA (10 pg/ml) for 18 h and then washed twice with PBS. For confocal images analysis,
cells were harvested, plated on coverslips and the red-fluorescence of DQ-BSA was immediately analyzed
in an Olympus FV1000 confocal microscopy.

Statistical analysis

Numerical data are presented as means + SEM. Statistical comparisons were performed by the two-tailed
Student’s t test, or ANOVA followed by Dunnett’s or Bonferroni’s multiple comparisons test, using the
GraphPad Prism version 6.0c.
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Figure Legends
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Figure 1. Rab24 associates to Rab7-labeled late endosomes and lysosomes. A) K562 cells were co-
transfected with GFP- or RFP-Rab24 and RFP-Rab5, RFP-Rab11, RFP-Rab7 or GFP-LAMP1 constructs
by electroporation as indicated in materials and methods. In another set of experiments with Rab24
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transfected cells, acidic compartments were labeled with LysoTracker red. After 24 h transfection, cells
were analyzed by confocal microscopy. Representative images are depicted. Scale bar: 10 uym. B)
Manders’ coefficients of Rab24 co-localization with Rab7, Rab5, Rab11, LAMP1 and LysoTracker. Forty to
sixty cells per condition were analyzed in at least three independent experiments. Results are expressed
as means + SEM. ***p<0.001 compared to Rab24-Rab7 co-localization (ANOVA).
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Figure 2. Rab7 distribution depends on Rab24 activity. A) Representative confocal images of K562
cells transiently co-expressing GFP- or RFP-Rab24 T21N and RFP-Rab5, RFP-Rab11, GFP-Rab7 or
GFP-Rab7 Q67L. B) Cells transiently expressing GFP- Rab7 wt and silenced with a siRNA against Rab24.
A scrambled siRNA was used as control. Representative confocal images are depicted. Scale bar: 10 ym.
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C) Percentage of cells with a cytosolic distribution of Rab7. Approximately 50 cells per condition were
analyzed in at least three independent experiments. Results are expressed as means + SEM, ***p<0.001
and *p<0.05 compared to Rab24 wt + Rab7 wt condition (ANOVA).
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Figure 3. Rab24 activity is required for endo-lysosomal degradation. A) Endo-lysosomal degradation
was assessed with DQ-BSA red (see material and methods) in cells expressing GFP-Rab24 wt, GFP-
Rab24 T21N or in cells silenced with a siRNA against Rab24 or with a control scrambled siRNA, with or
without GFP-Rab7 wt co-expression. The images depicted are representative of at least three independent
experiments. Scale bar: 10 ym. B) Percentage of cells degrading DQ-BSA. Results are expressed as
means + SEM, ***p<0.001, **p<0.01 (ANOVA). More than 200 cells per condition were analyzed.
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Figure 4. Rab24 is recruited to RILP-associated vesicles involved in transport toward the
perinuclear region. A) Confocal images of K562 transiently expressing RFP- or GFP- tagged Rab24 wt or
the T21N dominant negative mutant. Cells were co-transfected with GFP/RFP-RILP wt or RFP-RILP AN.
The images depicted are representative of at least three independent experiments. Scale bar: 10 um. B)
Manders’ coefficients of co-localization. Results are expressed as means + SEM, ***p<0.001 compared to
Rab24 wt + RILP wt condition (ANOVA).
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Figure 5. Rab24 interacts with Rab7 and RILP. A) Protein lysates of K562 cells co-expressing myc-
Rab24 wt with GFP-Rab7 wt, GFP-RILP wt or GFP vector alone were subjected to immunoprecipitation
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with a rabbit anti-myc antibody and subsequently processed for immunoblotting. Overexpressed Rab24
was detected with a mouse anti-Rab24 antibody and GFP-Rab7, GFP-RILP or GFP vector with a mouse
anti-GFP antibody, following incubation with appropriated HRP- secondary antibodies. B) and C) The pull-
down assays were done with the purified recombinant proteins Rab24, Rab24 T21N, GST-Rab7, GST-
Rab7 T22N, GST-RILP, GST-RILP1 (1-198), GST-RILP2 (199-401), GST-Rab6, GST-Rab3 and GST as a
control. Rab24 was detected with a mouse anti-Rab24 antibody and the GST-proteins with a rabbit anti-
GST antibody following incubation with appropriated HRP- secondary antibodies. Western blots are
representative of three independent experiments. In: input, corresponding to 10% of the whole lysate, S:
supernatant, IP: immunoprecipitation and PD: pull-down.
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Figure 6. Co-expression of the HOPS subunit Vps41 with late endosomal/lysosomal components.
HA-Vps41 was co-expressed with GFP vector alone, GFP-Rab24, GFP-Rab7, GFP-LAMP1, RFP-RILP wt
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and RFP-RILP AN. HA-Vps41 was stained for immunofluorescence with a mouse anti-HA antibody and an
appropriated secondary antibody. A) Representative confocal images of at least three experiments. Scale
bar: 10 um. Arrows show points of co-localization B) Number of Vps41-labeled vesicles co-localizing with
GFP- or RFP-tagged proteins. Results are expressed as means = SEM, **p<0.01 compared to
Vps41/Rab24 wt condition (ANOVA).
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O Figure 7. High levels of Vps4l affect the Rab24/RILP association. Triple co-expression of HA-Vps41
with GFP/RFP-Rab24, GFP-Rab7, GFP-LAMP1 and RFP-RILP were performed in K562 cells. HA-Vps41
was stained for immunofluorescence with an anti-HA antibody and a specific secondary antibody. A)
Representative confocal images of three independent experiments. Scale bar: 10 ym. B) Manders’
coefficients of co-localization. Results are expressed as means + SEM, ANOVA *** p<0.001 compared to
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Figure 8. Effect of Arl8b in the Rab24/RILP association. A) Representative images of K562 cells co-
expressing GFP-Arl8b with HA-Vps41, RFP-Rab24 wt or RFP-RILP wt. The HA-Vps41 was
immunostained with an anti-HA antibody. B) Triple co-expressions of GFP-Arl8b, HA-Vps41 and RFP-
Rab24 (a-d), and GFP-Ari8b, RFP-RILP and myc-Rab24 (e-h). Myc-Rab24 was immunostained with an
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anti-myc antibody and an appropriated secondary antibody. Scale bar: 10 ym. C) Manders” coefficients of
co-localization of Arl8b/Rab24 and Arl8b/RILP, and Arl8b/Rab24 or Rab24/RILP in triple co-expression
with Vps41 and Arl8b, respectively. Results are expressed as means + SEM, ****p<0.0001 compared to
Arl8b/Rab24 wt condition (ANOVA).
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Figure 9. Model of the complex constituted by Rab24 and molecular components of late
endocytic/lysosomal vesicles. Based on the literature and our present findings, we suggest that when a
degradative process is stimulated an undetermined signal induce the interaction of Rab24 with Rab7 and
RILP in late endosomes. Then, when the Vps41 subunit of the HOPS complex is recruited to RILP and
Arl8b, Rab24 is released from the complex adopting a reticular pattern.
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