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Ensemble, prenons le cancer de vitesse.

Team : Molecular Mechanisms of intracellular transport

Our research work is focused on the study of the regulation of vesicular transport and membrane traffic in eukaryotic
cells. Several aspects of this process are under investigation.

1. Function of the GTPases Rab6 and Rab11 (B. Goud and J. Salamero)

GTPases of the Rab family (60 members in described in man) belong to the superfamily of p21 Ras proteins.
They are localized to the cytoplasmic surface of all organelles involved in the biosynthetic/secretory and endocytic
pathways. Rab proteins play a key role in the movement and targeting/docking of transport vesicles with their acceptor
compartments (1). Our work is focused on Rab6 and Rabl11.

Rab6 is associated with membranes of the Golgi apparatus and the trans-Golgi network (TGN) (2). Three Rab6
isoforms (Rab6A, A' and B) have been characterized in man. Rab6B is expressed only in a subset of neuronal cells,
and its precise function is presently unknown (3). Rab6A and A', generated by alternative splicing of a duplicated exon,
are ubiquitously expressed. Rab6A" differs from Rab6A in only three aminoacids, two of them being localized to a
domain involved in the binding of Rab proteins to their effectors (4). Rab6A defines a novel retrograde pathway
between Golgi and endoplasmic reticulum (ER) (5, 6). This pathway does not involved COPI vesicles, and is taken by
the Shiga toxin B subunit (STB) on its way to the ER. Resident Golgi enzymes, and some lipids, could also
continuously recycle through the ER by this Rab6-dependent pathway. In collaboration with L. Johannes’ group, we
have shown that Rab6A’ is involved in the endosome to TGN transport of STB and we have identified the SNARE
proteins acting in this pathway (7). Therefore, retrograde transport in mammalian cells between endosomes and the
endoplasmic reticulum appears to be critically dependent on the sequential action of two members of the Rab6
subfamily (Rab6A and A’). However, a recent work in which we have succeeded to selectively silence the expression
of each isoform by RNAi suggests that Rab6A’ has also a role in Golgi to ER transport (8). This is in agreement with a
recently published work by another group (9).

To clarify the respective role of Rab6A and Rab6A’ in retrograde transport, we have reexamined their
dynamics and their distribution, thanks to the technological developments performed by the Imaging facilities team of
the UMR 144 and the Institut Curie. These developments as well as the results obtained on Rab6 dynamics are
described in the chapter devoted to this team. Briefly, these results are compatible with a role of both Rab6A and
Rab6A’ in the retrograde transport from the Golgi to the ER, and show that both proteins are detected in the
intermediate compartment. The quantitative imaging techniques also highlight the presence of multiple transport
intermediates with a complex dynamic behavior (Racine et al., in press; Sachse et al., submitted).

To quantify Rab6A and A' recruitment to membranes, we have tagged these proteins with a photo-activable
GFP. We then set up the tools and methods necessary to quantify the dynamics of tagged proteins. We also chose to
carry out these experiments in cells growing under constrained adhesion. In these conditions, we showed that the
intracellular organization, and in particular the Golgi localization, is very reproducible which facilitates photo-activation
and quantification. Our data suggest that the residence time for Rab6 on membranes is in the order of several minutes,
and that the pool of cytoplasmic Rab6A is small in comparison to the membrane-associated one. So far, we only
observed tiny differences in the dynamics of Rab6A and Rab6A'.

Several Rab6A and Rab6A’ effectors have been characterized. Rabkinesin-6 (also termed MKIp2) (10), a Golgi-
associated kinesin-like protein that only interacts with Rab6A, could be involved in the movement of retrograde
transport intermediates between Golgi and ER (5), but this function is still a matter of controversy. In addition,
Rabkinesin-6 is upregulated in mitotic cells and the microinjection of antibody against Rabkinesin-6 completely blocks
cytokinesis (11, 12). This suggests that Rabkinesin-6 is involved in the coupling of Golgi dynamics to other events
important for the completion of cell division. Another protein, GAPCenA, a GTPase activating protein active on Rab6 is
partly located to the centrosome in interphase (13). These results led us to investigate a specific role for Rab6 in
mitosis. Recent experiments indicate that Rab6/GAPCenA/Rabkinesin-6 define two novel signaling pathways
important for the metaphase/anaphase transition in mammalian cells: Rab6A would be involved in the localization of
Rabkinesin-6 at the metaphase plate and the construction of the telophase disk; Rab6A’, through an interaction with
p1509“°? a subunit of the dynein/dynactin complex, would be involved in the dynamics of the dynein/dynactin complex
at kinetochores (14). Our goal is now to further understand the functions of Rab6A/A’ at the metaphase/anaphase
transition and to investigate whether they are related or not to the role of Rab6A/A’ in interphase.
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Rab6IP1 (for “Rab6 Interacting Protein 1”) possesses “Run” domains present in several proteins that are linked
particularly to the functions of Rap and Rab GTPases families (15). Interestingly, Rab6IP1 interacts with both Rab6
and Rab11 (see below), suggesting that this protein couples Rab6 and Rab11 function (Miserey-Lenkei et al.,
submitted). RablP2 proteins (Rab6IP2A and Rab61P2B, corresponding to spliced variants of the same gene), are
cytosolic proteins that are recruited on Golgi membranes in a Rab6:GTP dependent manner. They are likely involved
in the pathway regulated by Rab6A’ (endosome to TGN) and could be part of a tethering complex active at the TGN
level (16). Rab6 also interacts with Bicaudal and the dynein/dynactin complex (17). This interaction may explain the
bidirectional motion of Golgi to ER intermediates.

A high throughput yeast two-hybrid screen with Rab6 isoforms and several Rab6-interacting proteins identified
thus far has been performed in collaboration with Hybrigenics (Paris). New Rab6 partners have been identified and we
are currently studying their functions: Mint3 (or X119g) is an adaptor protein that links Rab6A to the trafficking of the
amyloid precursor protein (APP) (18). This work is done in collaboration with the group of A. Barnekow at the
University of Muenster (Germany). Rab6 interacts with OCRL (Oculo Cerebro Renal Syndrome Protein), a 5'-
phosphatase with phosphatidylinositol 4,5-biphosphate (PIP,) as preferred substrate. Mutations in OCRL are
responsible for the Lowe syndrome, a X-linked disease characterised by cataract, mental retardation and renal
Fanconi syndrome (19). Interestingly, OCRL also interacts with Rab5 and both Rab5 and Rab6 inhibits OCRL activity
(Nagano et al., submitted). Finally, Rab6 in its GDP-bound conformation binds to ezrin, suggesting that ezrin may be
part of a complex possessing a GEF (“Guanine Nucleotide Exchange) activity.

Figure 1 summarizes our working hypothesis on the interaction between Rab6A/A’ and several of their effectors.
Our goal in the near future is to dissect the molecular intereractions between these proteins and to unravel their
respective roles in the Rab6 pathway.
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Figure 1: Interaction between Rab6 and severa effectors on Golgi membranes.

In addition to Rab6A, A’ and B, a fourth isoform of Rab6 (Rab6C) may exist, which has been associated to
multidrug resistance in cancer cell lines (20, 21). We are currently characterising Rab6C, investigating which isoform(s)
contribute to drug resistance and the mechanism by which Rab6 could be involved in drug resistance.

Rabl1l is mainly associated with the Endosomal Recycling Compartment (ERC) where it is involved in a
transport pathway between this compartment and the plasma membrane (22), and the TGN (23). In collaboration with
the group of J. Cherfils (LEBS,Gif/Yvette) we have performed the structural analysis of the GDP/GTP/GDP-Pi cycle in
human Rabl1A (24). Moreover, these cristallographic studies allowed us to define a tri-dimensional interacting site
different from the interacting site as defined by the Rab3/Rabphilin interface. We have proposed that this new site
could form a new interface allowing the concomitant interaction of Rab11A with two distinct partners (24).

In order to identify new Rab11 interacting proteins, a cDNA library had been previously analyzed by the double
hybrid method. As for other Rab proteins the number of Rabll partners is continuously growing. Among a large
number of new Rabl11 partners, some have been identified as multiple Rab interacting proteins: RCP for Rab4/Rab11,
Rabg3ip for Rab3/Rab8/Rabl11l and Rab6IP1 for Rab6A/Rabll (25 and unpublished data). We have started the in vivo
study of the molecular basis and dynamics of the interaction between Rab11A and its different partners. We linked this
study to the role of these proteins, their specificity and their coordination in the endosomal transport. Our strategy is
based on the XFP-tagging of the molecules. The first model that we studied is Rab3ip (also called Rabin 8), an
unusual partner of Rabll since it presents a potential double activity of effector/exchange factor for Rab8 (26). The
experimental part of this work needed instrumental developments allowing the quantification and the imaging of the
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partner interactions in living cells. In collaboration with the group of Laurent Héliot (IBL, Lille), we have tested for two
years two analytical methodologies based on FRET measurements (Fluorescence Resonance Energy Transfer) in
microscopy. In particular, the use of the FLIM technique (Fluorescence Lifetime Image Microscopy) (27) has been
thoroughly developed. The measurements clearly indicate that Rab3ip is in fact a Rabll effector. Moreover,

interactions between Rab3ip, Rab8 and Rab3 reinforce the hypothesis of multi-Rab complexes implicated in the
regulation of intracellular transport. These methods and this instrumentation have been developed in order to answer
questions related to the interaction of members of the Rab family with their partners. Their application will be now
extended to other molecular models available in our laboratory. In collaboration with the “Cell and Tissue Imaging
Platform” at the UMR144, we have now demonstrated by FRET in TCPC-FLIM that the Rab6IP1 protein also known to
interact, in vitro, with Rab11A, is most probably an interconnecting protein for Rab6A/A’ and Rab11A molecules and
functions in living cells. OCRL/ Rab6 interaction in vivo, is also interpreted through this approach.

2. Microtubule plus end dynamics (F. Perez)

We have shown some years ago that CLIP-170 defines a particular class of microtubules binding proteins
that only labels polymerizing plus ends (28). This class of proteins, named +TIPs (29), is involved in the regulation of
microtubule polymerization. In particular, CLIP-170 promotes microtubule rescue during depolymerization (30). We
now showed, in collaboration with the group of C. Poils (Chatenay-Malabry), that CLIP-170 is necessary for the
stabilization of microtubules and that it cooperates with the conventional kinesin to build the interphase microtubule
network.

In a separate study, we used the recombinant antibody approach (see below) to generate a conformational
antibody that only detects GTP-loaded tubulin. We now use this antibody to study the tubulin GTP cap in cells.

- Microtubules and membranes

We are studying the regulation of Golgi complex localization and structure, and in particular the role of
microtubules and microtubule-binding proteins in this regulation. In this context, we have identified a tubulin-binding
protein that may be involved in regulating the localization of both Golgi-related and endosomal membranes. This
protein, CLIPR-59, is related to CLIP-170, and may, as CLIP-170 itself, play a role at the interface between
membranes and microtubules (31). We have shown that CLIPR-59 is localized to the trans-Golgi network and that its
carboxy-terminal domain is necessary and sufficient for targeting. We have observed that CLIPR-59 interacts in a very
regulated way with a subset of interphasic microtubules and that overexpression of CLIPR-59 leads to a remodeling of
early endocytic compartments and to a reduction in transferrin endocytosis. We have also observed that the
overexpression of CLIPR-59 strongly perturbs plasma membrane to TGN pathways (31). We have further defined the
CLIPR-59 targeting domain and produced mutants of CLIPR-59 unable to target the Golgi. Our experiments indicate
that CLIPR-59 is localized to detergent (Triton X-100 or Lubrol W) resistant membrane microdomains. We initially
thought that CLIPR-59 was involved in linking some microdomains to microtubules, behaving as a classical CLIP.
However, we recently observed that the microtubule-binding domain of CLIPR-59 perturbs microtubule polymerization.
We thus propose that CLIPR-59 is rather an "anti-CLIP", preventing microtubule growth around lipid “rafts” (32).
Finally, CLIPR-59 expression being very strong in the brain, we are analyzing its pattern of expression during brain
development (in collaboration with E. Bloch-Gallego, Institut Cochin de Génétique Moléculaire, Paris). To further
understand the role of CLIPR-59 in cell physiology, and in particular in the development of certain neurons, we have
started the generation of conditional CLIPR-59"" mice. This project is carried out at the “Clinique de la souris”
(Strasbourg). Finally, we study the interaction of CLIPR-59 with cellular partners. Our preliminary experiments
identified partners involved in the regulation of apoptosis (in collaboration with Dr. Miyazaki, Japan), in phagocytosis or
in actin remodeling (with Hybrigenics, SA).

- Golgi complex dynamics

We initially studied the mode of Golgi reformation and inheritance in the context of cell division (33). In this
context, we have observed that Golgi membranes become Brefeldin A resistant during mitosis and we are making use
of this observation to get some hints on the sequential steps leading to Golgi reformation (34). We are now studying
Golgi reformation in interphasic cells to evaluate the two models that are still debated, namely “the static cisternae” and
“the maturation model” (35). To this end, we set up a new system which allows to efficiently inactivate Golgi
membranes in living cells and we study how the cells recover and whether a new Golgi can be formed de novo. This
system also allows us to study how the cells react to organelle damage. In particular we are now studying the

activation of autophagy (36) in response to Golgi inactivation. This work is done in collaboration with the
laboratory of Dr. M. L. Colombo (Argentina) through an Eco-Sud/CONICET program.
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In a second project, we wish to study the role of Golgi matrix proteins. In a precedent study, we have produced
recombinant antibodies directed against the surface of purified Golgi and produced anti-giantin antibodies (37). The
intracellular expression of the recombinant antibody allowed us to study the intracellular dynamics of endogenous
giantin. We continue this work in collaboration with the group of G. Warren (USA) by selecting antibodies directed
against the phosphorylated form of mitotic GRASP-65, a protein that plays an essential role in the regulation of Golgi
stacking (38).

To carry out antibody phage display screens using Golgi complexes purified from mitotic cells in culture, or
cells treated with various drugs or siRNA, we are now setting up a method for fast purification of organelles. This
method is based on specific tagging of marker proteins and followed by affinity purification.

3. Sorting mechanisms and regulation of intracellular membrane transport in dendritic cells (J. Salamero)

The peculiar membrane dynamics and plasticity of the endosomal compartment in dendritic cells is restricted
neither to late endosomes nor to MHC molecules. In close collaboration with the group of Drs D. Hanau and H. de la
Salle (INSERM-EFS, Strasbourg), we have expanded our previous studies to other proteins and membranes in this
highly specialized cell type. The CD1 molecules (a, b, c, d, and e) represent a group of antigen presenting molecules
expressed on dendritic cells which are presenting mostly non-peptidic antigenic determinants, such as bacterial
glycolipids (39, 40). We have extended our study to the biology of the CD1le molecule. This protein represents a
“paradox” in antigen presenting molecules, since it is not expressed at the cell surface. All our work on the intracellular
trafficking of CD1le rather suggests that it may be involved in the processing of non-peptidic antigen for further
presentation via other CD1 molecules, most probably during the activation phase of the dendritic cells (41). In this
respect, the participation of CD1e to the processing of microbial glycolipid antigensis similar to the role of a specialized
chaperon molecule. In collaboration with Dr de Libero’s lab in Basel and Dr Puzo’s lab in Toulouse, we have now
shown that the mycobacterial antigen hexamannosylated-phosphatidyl-myo-inositol (PIMg) stimulates CD1b-restricted
T cells only after digestion of terminal mannoses by lysosomal almannosidase, and that soluble CD1e is required for
this processing. Recombinant CD1e binds to glycolipids and assists the digestion of PIMg by !  mannosidase. We
propose that CD1e is directly involved in the editing and the expansion of the repertoire of glycolipidic T cell antigens
and thus optimizes the anti-microbial immune responses (42).

More recently, we demonstrated the preponderate role of CD1e ubiquitination in its intracellular targeting and notably
in its capacity to be internalized within internal membranes of MVBs (multivesicular bodies) (manuscript in
preparation).

Epidermal Langerhans cells (LCs) represent a subset of dendritic cells containing characteristic organelles, the

Birbeck granules (BGs). These distinctive rod-shaped compartments display a remarkable association with Rabl11.
LCs uniquely express a C-type lectin called Langerin, which is necessary for the formation of BGs (43). This protein is
expressed on the plasma membrane and constitutively internalized into BGs, the internal membranes where it
accumulate, before returning to the plasma membrane (44). Thus, the major intracellular pool of Langerin is the
Rab11® BGs, which correspond to subdomains of the endosomal recycling compartment (ERC) of LCs. We have
developed transfected cell lines expressing Langerin (M10-22E, HelLa-Langerin) as a cellular model of BG biogenesis.
In these cells, Langerin colocalizes with TfR and Rab11 and recycles as in LCs. In this study, we investigated the role
of Rab11A and different Rabll interacting proteins in the traffic and steady-state distribution of Langerin and the
membrane organization and biogenesis of BGs.
The extent to which Rab GTPases, Rab interacting proteins and cargo molecules cooperate in the dynamic
organization of membrane architecture remains to be clarified. We investigated the role of Rab11A and two members
of the Rabl1l family of interacting proteins, Ripll and RCP in Langerin traffic and the biogenesis of BGs. The
overexpression of a dominant negative Rab11A mutant or Rab11A depletion strongly influenced Langerin traffic and
stability and the formation of BGs, while modulation of other Rab proteins involved in dynamic regulation of the
endocytic-recycling pathway had no effect. Impairment of Rab11A function led to a missorting of Langerin to lysosomal
compartments, but inhibition of Langerin degradation by chloroquine did not restore the formation of BGs. Loss of
RCP, but not of Rip11, also moderately affected Langerin stability and BG biogenesis (figure 2), pointing to a role for
Rab11A/RCP complexes in these events. Our results show that Rab11A and Langerin are required for BG biogenesis
and illustrate the role played by a Rab GTPase in the formation of a specialized subcompartment within the endocytic-
recycling system.
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Figure 2: Quantitative analysis of the number of BG profiles per cell was performed in cells treated with Rab11A
SiRNA or mock-treated, in the presence or absence of chloroquine (left graph), or in cells treated with siRNA against
RCP, Rab4A or Rab5A or mock-treated (right graph).

4. Developing the antibody phage display approach (F. Perez)

While antibodies are powerful tools in cell biology to identify new proteins and to study their functions, some
limitations, inherent to the production of these antibodies in animals, diminish the efficacy of this approach: some
highly conserved proteins will give rise to a very low immune response, the total quantities and concentration of
injected proteins needs to be quite high, only monoclonal antibodies - highly time consuming and expensive to
produce - give an unlimited supply with a constant quality, and the use of animals for the production of these
antibodies limits the control of the immune response, the type of screen and the number of trials. As an alternative
method, we are currently producing antibodies using an in vitro approach, based on an antibody-phage display library
(obtained from G. Winter's lab, Cambridge, UK) that solve or reduce some of those limitations (45). Antibodies are
selected according to their affinity to immobilized antigens such as purified proteins but also complex mixture of
proteins like microtubule-binding proteins or purified Golgi elements (37) (Figure 3). We have also shown that these
antibodies can be tagged with GFP and expressed in vivo to track the behavior of endogenous protein (37). In
addition, we have shown that these methods can be used to select for conformation-specific antibodies directed
against particular tri-dimensional state of target proteins. We indeed selected an antibody specific for the active form
of Rab6 (Rab6+<GTP) and we used it to study the localization of active Rab6 in control cells and in cells overexpressing
dominant negative Rab6 isoforms. In addition, we used this recombinant antibody to describe the behavior of
endogenous Rab6+GTP in living cells (46). We are now continuing to use this method to produce other cell biology
tools and notably conformational antibodies directed against GTP-tubulin or anti-phosphoproteins. In parallel, we
optimize the production and the quality of in vitro produced antibodies to gain in sensitivity and reproducibility.

Not only recombinant antibodies represent one of the most powerful tools in fundamental cell biology, but they
also represent the basic tool for diagnosis and study of human diseases. They also represent one of the most active
field in the development of innovative therapeutic approach. In collaboration with the Translational Department of the
Curie Institute and with Ph. Benaroch (U520, Institut Curie), and in the context of the PIC "Immunotherapy”, we try and
select recombinant antibodies specific for tumor cells-presented peptides. These peptides are presented at the
surface of the cells by MHC molecules and are the target of immunotherapy approaches. We selected recombinant
antibodies restricted to particular MHC/peptide complexes and evaluated their specificity by ELISA and FACS. We
now invest our effort in setting up protocols that may allow routine usage of recombinant antibodies for diagnosis and
that would allow fast generation of more of these antibodies in the context of disease study and treatment (part of this
is done in collaboration with the "recombinant proteins service" of the UMR 144). This collaborative project was made
possible thanks to the work of an expert technician from the Medical Section (Sandrine Moutel) initially through the
PIC Immunotherapy from the Institut Curie and this was in turn essential for our cell biology studies based on
recombinant antibodies.
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Figure 3: Versatile usage of recombinant antibodies. An anti-giantin (Golgi matrix) antibody (TA10) was selected by
phage display. A shows its efficient staining of endogenous giantin by immunofluorescence (in red). In B, living cells
expressing GFP-tagged anti-giantin TA10 were imaged by conventional microscopy. TA10 stains endogenous giantin
that can efficiently been tracked. In C, intracellularly expressed GFP-TA10 was shown to indeed stain the Golgi
complex.

5. A minimal system allowing membrane deformation using molecular motors and coat proteins (B. Goud/J .-
B. Manneville)

In collaboration with P. Bassereau and J. Prost (Department of Physics, Institut Curie), we have shown that
lipid giant unilamellar vesicles (GUVs), to which kinesin molecules have been attached via small polystyrene beads,
give rise to membrane tubes and to complex tubular networks when incubated in vitro with microtubules and ATP
(Figure 4A). Similar tubes and networks can be obtained with GUVs made of purified Golgi lipids, as well as with Golgi
membranes. No tube formation was observed in the absence of beads, suggesting that the role of the beads could be
to distribute the load among a larger number of lipids, thus avoiding lipid extraction (47). This work demonstrated for
the first time that the action of motors bound to a lipid bilayer is sufficient to produce membrane tubes. We have
recently used this assay to investigate lipid sorting during tube formation. GUVs were made of various compositions of
DOPCl/cholesterol/sphingomyelin. This study shows that lipids can be dynamically sorted in growing tubes and that a
coupling based on phase separation exists between sorting and fission (48).

We are now trying to use the affinity tagging of Golgi membrane that we developed to screen by antibody
phage display to try and pull tube in living cells or in semi-intact cells. This system would allow to directly evaluate the
possibility to generate membrane tubules pulling on proteins and to sort lipids and proteins inside these tubes.
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Figure 4: A-Network of fluorescent tubes obtained by pulling on giant liposomes with molecular motors; B-Membrane
deformation obtained after binding of COPI coats (red) on GUVs (green); Bar 5.

Another project is to use the model system described above to reconstitute the binding of COPI coats,
especially to the role of proteins whose activity is sensitive to membrane curvature such as ArfGAPL1. This project is
done in close collaboration with the group of B. Antonny (Sophia-Antipolis). We have first studied the binding of Arfl
GTPase and COP1 and shown that Arfl/COP1 complexes can induce membrane deformation (Fig. 4B). We are
currently investigating the role of membrane tension in this process. Another goal will be to reconstitute fission of
COP1-coated structures.

6. Membrane trafficking and cytokinesis: a functional genomic approach in Drosophila and mammalian cell (A.
Echard)

We are interested in several aspects of cytokinesis that is the final step of mitosis ensuring the physical
separation between the two daughter cells (49, 50). In animal cells, an actin/myosinll based machinery is responsible
for the ingression of a plasma membrane furrow that eventually separates the dividing cells, leading to an equal
partition of the genetic material, intracellular organelles and plasma membrane. However, cytokinesis is a highly
complex cellular process that is structurally, spatially and temporarily regulated. Importantly, the cleavage furrow must
be properly localized, its contraction must be coordinated with chromosome segregation, and the plasma membrane
has to be resolved in order to create two topologically independent cells. Such a complexity is likely to involve
numerous genes, although only few of them have been genetically isolated so far (48).

Using RNA interference in Drosophila and mammalian cells, we developed two major research focuses:

(1) the identification and the characterization of new genes essential for cytokinesis
(2) the involvement of membrane trafficking during animal cytokinesis

In collaboration with the O’Farrell lab at the University of California, San Francisco, we performed a functional
genome-wide RNAi-based screen in order to identify genes essential for cytokinesis. This screen is based on a cellular
assay and a large dsRNA (7200) library corresponding to the Drosophila genes that are evolutionary conserved with
human and C. elegans (Figure 5). Many of the identified genes had been already implicated in cytokinesis in
Drosophila or other organisms, but others were not yet.
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Figure 5: The RNAIi-based down-regulation of Drosophila citron kinase leads to penetrant cytokinesis defects. S2 cells
were treated for 4 days with the citron kinase dsRNA, then fixed and stained for DNA (blue), nuclear envelope (green)
and polymerized actin (red). Multinucleated cells resulted from cytokinesis failure. This gene has been identified during
a genome-wide screen for conserved genes essential for cytokinesis.

The isolated genes have potential roles into: (1) the establishment and the contraction of the actin/myosinli
cytokinesis ring; (2) the chromatin structure; (3) the microtubule-base central spindle formation; (4) the proteins
phosphorylation and (5) the membrane trafficking. For instance, we found that the t-SNAREs syntaxin 1 (plasma
membrane localized), syntaxin 5 (the Golgi apparatus localized), the syntaxin 1 regulator Secl, the exocyst subunit
Sec5 and the COPI coat component "-COP are essential for cytokinesis in S2 cells.

We also identified and characterized the role of a-SNAP, an activator of the NSF ATPase that is essential for
v/t-SNARE recycling following membrane fusion. We documented that the ! -SNAP inactivation leads to the sister cell
fusion several hours after the intercellular bridge formation, demonstrating an essential SNARE-mediated membrane
fusion for the terminal steps of cytokinesis (abscission). More generally, this study demonstrated the role of membrane
transport for the topological separation at the end of cell division (51).

To better understand the intracellular transport pathways involved into cytokinesis, we performed a new RNAI
screen in order to systematically inactivate each 29 RAB genes encoded by the Drosophila genome. We identified
several Rab proteins (Rab5, Rabl1l and Rab35) that appear to be essential for cytokinesis in S2 cells. Rab35 is
phylogenetically conserved in all metazoans but nothing is known about its cellular localization, its possible contribution
to membrane trafficking or its role during cytokinesis. Using RNAi and dominant negative approaches, we found that
Rab35 is essential for stabilizing the intercellular bridge and for its final abscission in human cells (52). Rab35 is the
first Rab protein implicated in both these steps of cytokinesis in a mammalian system. Using electron microscopy and
immunofluorescence, we localized endogenous Rab35 to the plasma membrane and to endocytic compartments, and
demonstrated that Rab35 controls a fast recycling pathway towards the cell surface. Rab35 is colocalized with PIP, at
the plasma membrane and to the intercellular bridge during cytokinesis. Our data suggests that the Rab35-regulated
recyclyng pathway is essnetial fr the terminal steps of cytokinesis. We recently established that this pathway is
implicated into the formation/maintenance of a PIP2 lipid domain at the bridge and for SEPTIN2 localization, two
molecules essential for post-furrowing steps of cytokinesis (52).

To better describe this new membrane trafficking pathway, potential Rab35 effectors are under identification
using two-hybrid techniques (in collaboration with Hybrigenics SA). The screen led to several dozens of clones and we
are confirming true Rab35 interactors based on the cytokinesis phenotype we should observe after dSRNA-mediated
inactivation in Drosophila cells. In parallel to culture cell models, we are developing tools to analyze Rab35 and
interactor functions in cytokinesis during Drosophila embryogenesis.

Besides the elucidation of Rab35 function, we are currently studying several other genes that are essential for
cytokinesis:

- we started a collaboration within the PIC “ Epigenetics parameters and cell cycle control” in order to better
understand the role in cytokinesis of the chromatin regulators that we isolated in our screen. In particular, we will
characterize the interaction between the Cap-G condensin and the exocyst subunit Sec5.

- in collaboration with the laboratory of F. Payre (Centre de Biologie du Développement, Toulouse), we have recently
documented the role of Drosophila moesin in cytokinesis and found that this ERM protein is essential for the interaction
between the mitotic spindle with the cell cortex and therefore for determining where cytokinesis is initiated.
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- in collaboration with the O’Farrell lab, we identified a new role of ROCK kinase in regulating cortical actin remodeling
during anaphase B prior to cytokinesis initiation (53)
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