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Abstract 1 
 2 
Rab proteins are master regulators of intracellular membrane trafficking but they also 3 
contribute to cell division, signaling, polarization and migration. The majority of the works 4 
describing the mechanisms used by Rab proteins to regulate cell motility involve intracellular 5 
transport of key molecules important for migration. Interestingly, a few studies indicate that 6 
Rabs can modulate the activity of Rho GTPases, important regulators for the cytoskeleton 7 
rearrangements, but the mechanisms behind this crosstalk are still poorly understood.  8 
In this work, we identify Rab6 as a negative regulator of cell migration in vitro and in vivo. We 9 
show that loss of Rab6 promotes formation of actin protrusions and influences actomyosin 10 
dynamics by upregulating Cdc42 activity and downregulating myosin II phosphorylation. We 11 
further provide the molecular mechanism behind this regulation demonstrating that Rab6 12 
interacts with both Cdc42 and Trio, a GEF for Cdc42. In sum, our results uncover a mechanism 13 
used by Rab proteins to ensure spatial regulation of Rho GTPase activity for coordination of 14 
cytoskeleton rearrangements required in migrating cells. 15 
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Introduction 1 
 2 
Rab proteins constitute the largest family of the Ras superfamily of small GTPases, with more than 60 3 
members in humans. The role of Rab proteins in vesicle transport was identified for the first time in 4 
yeast already in the 1980s, and since then more and more studies have established them as the master 5 
regulators of intracellular membrane traffic [1-4]. 6 
 7 
To perform their tasks each Rab protein cycles between membrane and cytosol, switching between a 8 
GTP-bound and a GDP-bound conformation. Upon membrane recruitment, Rab proteins in their GTP-9 
bound state can bind a variety of different effector molecules, including sorting adaptors, tethering 10 
factors, fusion regulators, kinases, phosphatases and motor proteins [4,5].  11 
 12 
Lately it has been demonstrated that in addition to regulating intracellular traffic, Rab proteins take 13 
part in several other cellular processes. Indeed, these small GTPases are also important for regulation 14 
of mitotic spindle positioning and abscission during cell division, apical lumen formation and 15 
polarization of epithelial cells, and nutrient sensing and signaling [6-9].  16 
 17 
Interestingly, an increasing amount of evidence demonstrates that Rab proteins also have a role in cell 18 
migration [10-12]. So far regulation of cytoskeleton dynamics involved in cell shape and motility has 19 
been mainly attributed to another family of small GTPases, namely the Rho proteins, and thus the 20 
contribution by the Rab family to this process remains much less characterized [13,14]. We recently 21 
demonstrated that Rab7b can affect cell migration through regulation of the actin cytoskeleton [10]. 22 
By directly interacting with the actin motor myosin II, Rab7b is able to modulate the activity of RhoA 23 
and thereby the phosphorylation of myosin light chain (MLC). In this way Rab7b influences actin 24 
cytoskeleton dynamics, including the formation of stress fibers, cell adhesions, and thus cell migration 25 
[10]. 26 
 27 
Intriguingly, also Rab6 is known to interact directly with myosin II in a GTP-dependent manner [15]. 28 
Rab6 is an evolutionary conserved and ubiquitously expressed Rab protein [16,17]. It locates to the 29 
Golgi apparatus and Golgi-derived vesicles and regulates many trafficking routes, both anterograde 30 
and retrograde, between the Golgi apparatus, endoplasmatic reticulum (ER), plasma membrane (PM) 31 
and endosomes [18-21,17]. In addition, Rab6 is involved in cell division and phagosome maturation 32 
[22-24].  33 
 34 
To execute all these functions Rab6 interacts with many different effector molecules, including motor 35 
proteins and their interactors such as KIF1C, KIF5B, KIF20A (also known as Rabkinesin-6), the 36 
dynein-dynactin complex through Bicaudal D, myosin II and myosin VA [25,26,18,27,15,28,29].  37 
 38 
In this study we investigated whether Rab6, similarly to Rab7b, can regulate cell migration through its 39 
interaction with myosin II. Our results show that Rab6 knockdown indeed affects cell migration by 40 
increasing cell speed and therefore wound closure. We also demonstrate that Rab6 depletion 41 
influences the actomyosin system by upregulation of Cdc42 activity and downregulation of MLC 42 
phosphorylation. Intriguingly, we discover that Rab6 interacts with both the Rho GTPase Cdc42 and 43 
Trio, a GEF for Cdc42 [30]. By modulating Cdc42 activity, Rab6 regulates the formation and 44 
dynamics of actin-dependent protrusions such as filopodia. We finally confirm that Rab6 is a negative 45 
regulator of cell migration using xenotransplantation of human cancer cells into zebrafish embryos. In 46 
sum, our results support a novel emerging mechanism for Rab proteins in the regulation of actin 47 
cytoskeleton dynamics and cell migration by crosstalk with Rho GTPases. 48 
 49 
 50 

Material and methods 51 

 52 
Cell culture 53 
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U2OS, HeLa and H1299 cells were grown in Dulbecco´s modified Eagle´s medium (DMEM; Lonza, 1 
BioWhittaker). RPE-1 cells were grown DMEM F-12 (Lonza, BioWhittaker). Both DMEM and 2 
DMEM F-12 were supplemented with 10 % fetal calf serum (FCS), 2 mM L-glutamine, 100 U/ml 3 
penicillin and 100 µg/ml streptomycin. 4 
 5 
 6 
Constructs and antibodies 7 
pEGFP-C1 was purchased from BD Biosciences, Clontech. pEGFP-C1 Rab6A wt, pEGFP-C1 Rab6A 8 
Q72L and pEGFP-C1 Rab6A T27N were a gift from Marci Scidmore (Addgene plasmid #49469, 9 
#49483 and #49484, respectively), [31]. pcDNA3-EGFP-Cdc42-Q61L and pcDNA3-EGFP-Cdc42-10 
T17N were a gift from Gary Bokoch (Addgene plasmid #12986 and #12976, respectively), [32]. 11 
pTriEx- mCherry-cdc42 Q61L and the biosensor constructs, pTriEX Cdc42 wt and pTriEX Cdc42 12 
G12V, were a gift from Luis Hodgson (Albert Einstein College of Medicine, NY, USA). mCherry-13 
Cdc42-C-10 was a gift from Michael Davidson (Addgene plasmid # 55014). pCMV-LifeAct-RFP was 14 
purchased from Ibidi. pEGFP-C3 Cdc42 wt was a gift from Keith Burridge, University of North 15 
Carolina, Chapel Hill, USA. pcDNA 3.1-HA Rab6A, pcDNA 3.1-HA Rab6A Q72L and pcDNA 3.1-16 
HA Rab6A T27N were purchased from Genscript. pEGFPC1-Trio was a kind gift from Jaap D. Van 17 
Buul (University of Amsterdam, The Netherlands),[33]. 18 
Primary antibodies used in this study were: anti-giantin (Abcam, ab24586, 1:1000), anti-tubulin (Life 19 
Technologies, # 13-8000, 1:12,000), anti-phospho-myosin light chain 2 (Ser19), (Cell Signaling 20 
Technology, # 3671, 1:300), anti-myosin light chain (Sigma-Aldrich, # M4401, 1:50), anti-GFP 21 
(Abcam, ab6556, 1:3000), anti-HA (Abcam, ab9110, 1:1000),  anti-RhoA (Cytoskeleton Inc., ARH04, 22 
1:500), anti-Rac1 (Cytoskeleton Inc., ARC03, 1:500), anti-Cdc42 (Cytoskeleton Inc., ACD03, 1:250), 23 
anti-Cdc42 (Abcam, ab155940, 1:200), anti-Trio (Abnova, H00007204-A01), anti-Rab6A (Abcam, 24 
ab95954, 1:200), anti-actin (Cytoskeleton Inc., AAN01, 1:500), anti-N-WASP (Cell Signaling 25 
Technology, # 30D10, 1:300), anti-IQGAP1 (BD Laboratories, #610611, 1:300), anti-DOCK10 26 
(Abcam, ab75258, 1:1000), and mouse IgG1 (x0931, Dako, 1:50). Rhodamine-conjugated phalloidin 27 
was purchased from Invitrogen (R415). The SiR-actin kit was purchased from Cytoskeleton, Inc. and 28 
used according to manufacturer’s protocol (Cytoskeleton, Inc./Spirochrome #CY-SC001). For 29 
immunofluorescence experiments Alexa Fluor secondary antibodies (Invitrogen) were used at dilution 30 
1:200. Secondary antibodies conjugated to horseradish peroxidase for immunoblotting studies (GE 31 
Healthcare) were diluted 1:5000. Hoechst (Life Technologies, H3569) was used at 0.2 µg/ml and 32 
DAPI (Sigma-Aldrich, D9542) was used at 0.1 µg/ml.   33 
 34 
 35 
Transfection and RNA interference 36 
U2OS cells were transiently transfected using Lipofectamine 2000 (Life Technologies), while HeLa 37 
cells were transfected using FuGENE 6 (ProMega), following the producer’s protocol. Cells were 38 
transfected at approximately 50-70 % confluency for 24 hours prior to further execution of 39 
experiments. U2OS, RPE-1 and H1299 cells were transfected with siRNA using Lipofectamine 40 
RNAiMAX Transfection Reagent (Life Technologies) according the manufacturer’s instructions. The 41 
cells were transfected either the day after plating or the same day by reverse transfection, and analyzed 42 
after 72 hours. siRNA transfections in HeLa cells were performed using Oligofectamine (Invitrogen) 43 
as described previously [34]. In short, cells were plated in 6-cm dishes 1 day prior to transfection 44 
(~4x105 cells/dish), and replated 72 hours after transfection. Experiments were performed after 48 45 
hours.  46 
Nontargeting control siRNA (sense sequence 5’-ACUUCGAGCGUGCAUGGCUTT-3’ and antisense 47 
5’-AGCCAUGCACGCUCGAAGUTT-3’) was purchased from MWG-Biotech (Ebersberg, Germany). 48 
siRNAs against Rab6 (siRab6 #1, J-008975-08; siRab6 #2. J-008975-09; siRab6 #3, J-008975-07; 49 
siRab6 #4, J-008975-10). Trio (siTrio, J-005047-05) and DOCK 10 (siDOCK10, J-023079-05) were 50 
purchased from DharmaconTM.  51 
For rescue experiments, cells were first transfected with siRNA using RNAiMax (for U2OS cells) or 52 
Oligofectamine (for HeLa cells). After 48 hours the cells were transfected with pEGFP-Rab6 using 53 
Lipofectamine 2000 (for U2OS cells) or FuGENE 6 (for HeLa cells) according to the manufacturers' 54 
instructions. The experiments were performed 72 hours after siRNA transfection. 55 
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 1 
 2 
Cell migration assays 3 
Cells were grown to form confluent monolayers in IncuCyte ImageLock 96-well plates (Essen 4 
Bioscience) and scratched with IncuCyte® WoundMaker (Essen Bioscience). Cell migration was 5 
monitored by time-lapse imaging using an IncuCyte® ZOOM (10x objective, Essen Bioscience). 6 
Relative wound density (percent) was calculated using the IncuCyte® ZOOM software analysis 7 
program. Cell tracking and quantification of velocity and directionality was done using Fiji/ImageJ 8 
manual tracking plugin and Ibidi Chemotaxis software. 9 
Particle image velocimetry (PIV) analysis was done using OpenPIV and OpenPIV spatial analysis 10 
toolbox in MATLAB R2015b. The interrogation windows were set to 32 x 32-pixels with 50 % 11 
overlap. 12 
 13 
 14 
Cell proliferation and cell death assays 15 
Cell proliferation and cell death assays were performed on cells subjected to wound healing assays as 16 
described above. For the cell proliferation assays, the Click-iT™ Plus EdU Alexa Fluor™ 488 17 
Imaging Kit (Molecular Probes) was used according to the manufacturer’s instructions. Briefly, 18 
medium containing 10 µM EdU was added to the cells before imaging, and after 24 hours the cells 19 
were fixed using 3 % paraformaldehyde and permabilized with 0.5 % Triton® X-100. Incorporated 20 
Edu was detected by adding the Click-iT® Plus reaction cocktail as described by the manufacturer, 21 
and DNA was stained with 5 µg/ml Hoechst® 33342 (Molecular Probes). Cells were imaged using an 22 
Andor Dragonfly microscope with a 10x objective and quantification of the percentage of Edu-23 
positive cells was done using Fiji/ImageJ analysis software. 24 
For the cell death assays, medium containing 250 nM IncuCyte® Cytotox Reagent (Essen Bioscience) 25 
was added to label dying cells green. The number of green objects per image was calculated using the 26 
IncuCyte® ZOOM software analysis program. Cell death was quantified by dividing the number of 27 
green objects at each time point with the number of green objects at time 0. 28 
 29 
 30 
Golgi reorientation measurements 31 
Cells were grown to form a confluent monolayer on glass slides, scratched with a pipette tip, and 32 
incubated for 2 hours at 37 ºC and 5 % CO2. Subsequently, the cells were fixed and stained with anti-33 
giantin, rhodamine-conjugated phalloidin and Hoechst to visualize the Golgi complex, actin 34 
cytoskeleton and nuclei, respectively. Golgi reorientation was measured by dividing the cells on the 35 
wound edge into three equal sectors and calculating the percentage of cells having their Golgi 36 
apparatus in the front sector (facing in the direction of migration) as previously described [10].  37 
 38 
 39 
Cell spreading assay 40 
Cells were seeded onto fibronectin-coated coverslips (10 µg/ml) and incubated for 1 hour at 37 ºC and 41 
5 % CO2 before fixation and staining with rhodamine-conjugated phalloidin and DAPI. Quantification 42 
of the cell area was done using Fiji/ImageJ analysis software. 43 
 44 
 45 
Micropatterns 46 
96-well CYTOO plates (CYTOO, 20-900-00) containing L-shaped micropattern (1100 µm2) were 47 
coated with 20 µg/ml sterile fibronectin (Sigma F2006) in PBS for 2 hours at room temperature. 3x103 48 
cells were then added to each well and kept at room temperature for 30 minutes and subsequently at 37 49 
°C for 3 hours. Cells were then fixed and stained with rhodamine-conjugated phalloidin and Hoechst. 50 
Analysis of actin distribution in cells seeded on the L-shaped micropatterns was performed in ImageJ, 51 
using the CYTOOL-IP Reference Cell macro (RefCell) that provides a statistical representation of the 52 
spatial distribution of intra-cellular compartments, in our case the actin fibers. By using the Reference 53 
Cell macro, a normalized mean cell was obtained by alignment and overlay of 40 cells per experiment 54 
and averaging the signals for each condition. A Reference Cell was constructed by making a 55 
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projection of the filtered and aligned images from a stack [35]. The rigidity/collapse of the actin fibers 1 
along the hypotenuse was quantified using the Hypotenuse Macro [35]. Briefly, thresholded images of 2 
the empty L-micropatterns were used to define the theoretical hypotenuse of the triangle shape. Next, 3 
thresholding of the actin stained images was performed to define the actual cell shape. The 4 
Hypotenuse macro was modified by shifting the theoretical hypotenuse of 2.4 µm in order to be able to 5 
recognize smaller difference in the collapse of the actin fibers. The difference in the areas between the 6 
theoretical hypotenuse and the actual cell border was then measured and represented as percentage of 7 
collapsed cells (curved, when the area difference resulted in a positive value) and non-collapsed cells 8 
(straight, when no differences in the areas between the theoretical hypotenuse and the actual cell 9 
border were detected).  10 
 11 
 12 
Immunofluorescence and live-cell microscopy 13 
Cells were grown on coverslips, fixed with 3 % paraformaldehyde and quenched using 50 mM NH4Cl. 14 
Afterwards, 0.25 % saponin in  PBS 1X was used for permeabilization and 5 % FCS in  PBS 1X for 15 
blocking. The cells were incubated with primary antibodies at room temperature for 20 minutes, 16 
washed in PBS/saponin, incubated with secondary antibodies in darkness at room temperature for 20 17 
minutes, washed again in PBS/saponin, and finally mounted with Mowiol.  18 
Fixed cells were imaged with an Olympus FluoView 1000 IX81 confocal laser scanning microscope 19 
(inverted) using a 60x PlanApo NA 1.35 objective, or with an Olympus FluoView 1000 BX61WI 20 
confocal laser scanning microscope (upright) using a 60x PlanApo 1.4 objective and FV1000 software. 21 
For live cell imaging, cells were seeded on MatTek glass-bottom dishes. Before imaging, the culture 22 
medium was replaced to phenol red-free DMEM. For live cell image acquisition the cells were kept in 23 
an incubation chamber (Solent Scientific) at 37 ºC and 5 % CO2 and imaged using a Yokagawa 24 
CSU22 spinning-disk confocal unit with an Andor Ixon EMCCD camera and a 60x NA 1.42 objective 25 
provided with the Andor iQ1.8 software.  26 
Total internal reflection fluorescence (TIRF) microscopy acquisition was done on an Andor Dragonfly 27 
microscope using a 100x objective with NA 1.45 and the Fusion software. 28 
To measure Cdc42 activity in live cells, a biosensor for Cdc42 based on Förster resonance energy 29 
transfer (FRET) was used [49]. This single-chain biosensor incorporates the donor/acceptor FRET pair 30 
of the monomeric Cerulean (mCer) and monomeric Venus (mVen) fluorescent proteins. When Cdc42 31 
is in an inactive GDP-bound state, the mCer and mVen are at a distance from each other, only given 32 
off a weak FRET signal when excited. However, when Cdc42 upon binding to GTP changes its 33 
conformation, the mCer and mVen fluorescent proteins are brought into closer proximity and therefore 34 
the FRET signal increases. For excitation of the biosensor (excitation of mCer), the 405 nm laser was 35 
used to reduce the amount of mVen cross-excitation to a minimum. The emission was measured using 36 
the Zeiss LSM880 microscope equipped with a 32 array spectral GaAsP detector using a 63x oil C 37 
Plan Apo objective with NA 1.4 or a 40x oil Plan Apo objective with NA 1.3 and the ZEN Black 38 
software. To measure the activity of Cdc42, the emission values were recorded at 477 nm, which 39 
corresponds to the maximum emission peak of mCer, and at 530 nm, which corresponds to the 40 
maximum emission peak for mVen. Since the 405 nm laser was used for excitation, which does not 41 
excite mVen, the observed emission at 530 nm of mVen corresponds to the FRET in the sample. To 42 
make our measurements comparable between cells, we divided the intensities at 530 nm by the 43 
intensities at 477 nm to obtain the FRET/mCer ratio. Image acquisition was performed on a focal 44 
plane close to the cell surface/dish. 45 
 46 
 47 
Optical tweezers  48 
HeLa cells were seeded on MatTek glass-bottom dishes at low confluency to assure a good access for 49 
the optical tweezers. Before mounting the dishes on the optical tweezers setup, the medium was 50 
replaced by phenol red-free DMEM containing 1µm carboxylated latex beads (Bangs Laboratories). 51 
The experiments were performed on an optical tweezers setup (NanoTracker2, JPK, Germany) 52 
equipped with a confocal unit (C2, Nikon, Japan) and a temperature-controlled stage at 37°C.  Before 53 
every experiment, the optical trap and the QPD detection system were calibrated using the 54 
implemented calibration function based on thermal fluctuations [36]. In order to investigate the 55 
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filopodial properties, a trapped bead was moved close to the filopodial tip. After binding of the bead to 1 
the filopodium, the filopodium usually starts to retract [37,38]. The bead’s position was tracked during 2 
the entire retraction process of each filopodium. Hereby, a force clamp was used, where the set point 3 
has been changed every 10 seconds to test the reaction on different forces. The trajectory segments 4 
were analysed by a linear fit of the projection on the main retraction velocity, which reveals a velocity 5 
for the respective counteracting force during acquisition of the segment. Velocities below a threshold 6 
of 0.5nm/s were considered as a stall event.     7 
 8 
 9 
Immunoblotting 10 
Cell lysates were subjected to SDS-PAGE and blotted onto polyvinylidene fluoride (PVDF) 11 
membranes (Millipore). The membranes were incubated with primary antibodies diluted in 2 % 12 
blotting grade non-fat dry milk (BioRad), followed by secondary antibodies conjugated to horseradish 13 
peroxidase (HRP) (GE Healthcare). Either the ECL Prime Western Blotting Detection  (GE Healthcare) 14 
or the SuperSignal West Femto Maximum Sensitivity Substrate (Thermo Scientific) were used to 15 
detect the chemiluminescent signals. Quantification of band intensity was done by densitrometry 16 
analysis with the ImageQuant TL software (GE Healthcare) or with the Carestream software. 17 
 18 
 19 
RhoA, Rac1 and Cdc42 activation assay 20 
RhoA, Rac1, and Cdc42 activation was assessed using the Activation Assay Biochem Kit 21 
(Cytoskeleton, Inc.) according to manufacturer’s protocol. Briefly, GTP-bound RhoA was 22 
immunoprecipitated from cell lysates with beads coupled to the Rho binding domain (RBD) of the 23 
Rho effector protein rhotekin while Rac1 and Cdc42 were immunoprecipitated using beads coupled to 24 
the Interactive Binding (CRIB/PDB) region of the Cdc42/Rac1 effector protein p21 activated kinase I 25 
(PAK1). Immunoprecipitated samples and total lysates were analysed by immunoblotting. 26 
 27 
 28 
F- and G-actin quantification  29 
F- and G-actin extractions were performed with the G-Actin/F-actin In Vivo Assay Biochem Kit 30 
(Cytoskeleton, Inc.) according to the manufacturer’s instructions. Briefly, U2OS cells were lysed in a 31 
buffer that stabilized and maintained the globular and filamentous forms of actin, incubated for 10 32 
minutes at 37 ºC, and subjected to ultracentrifugation for 2 hours at 100 000 x g at room temperature. 33 
The supernatants, containing the G-actin fractions, and the resuspended pellets, containing F-actin, 34 
were subjected to Western Blot analysis. The amounts of F-actin and G-actin relative to the total actin 35 
were quantified by detecting the intensity of the bands using the program ImageQuant (Amersham 36 
Biosciences). To control that the F-actin was efficiently pelleted during centrifugation, 100 x 37 
phalloidin (AE01, Cytoskeleton inc.) was added at 1x final concentration to an additional control 38 
sample directly after lysis. 39 
 40 
 41 
Co-immunoprecipitation 42 
Co-immunoprecipitation experiments were done using the GFP-Trap®_MA (Chromotek) according to 43 
the producer’s protocol. In short, lysates from cells transfected with GFP-fusion proteins were 44 
incubated for 1 hour at 4ºC with magnetic beads coupled to anti-GFP antibodies for co-45 
immunoprecipitation. Immunoprecipitated samples and total lysates were subsequently loaded on 46 
SDS-PAGE gels and subjected to western blotting analysis.  47 
Dynabead protein G (Life Technologies) was used according to the manufacturer’s protocol for IP of 48 
HA-Rab6. Briefly, Dynabeads (0.6µg) were washed in RIPA buffer and incubated with either IgG 49 
isotype control or with the antibody against HA, for 60 minutes with end-over-end-rotation at room 50 
temperature. Precleared cell lysates were thereafter incubated with the antibody-coupled beads for 90 51 
minutes with end-over-end-rotation at room temperature. Immunoprecipitated samples were loaded on 52 
SDS-PAGE and analyzed by western blotting. 53 
 54 
 55 
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Zebrafish xenotransplants 1 
Wild type zebrafish embryos were kept at 28.5 °C in standard embryo medium [39] containing 2 
0.003% phenylthiourea (Aldrich). The experiments were conducted in agreement with the provisions 3 
enforced by the Norwegian national animal research authority (NARA). 4 
Embryos were decorionated 24 hours post-fertilisation (hpf). At day 2 post fertilization, H1299 were 5 
injected in the otic vesicle. For this, larvae were first sedated in a 230 µg/ml tricaine bath before being 6 
placed on a dish containing 2% of hardened agarose gel in water. 7 
Before the injection, 105 H1299 cells were transfected for 16-20 hours with either a control siRNA or 8 
a siRNA against Rab6. For rescue experiments, cells were electroporated with GFP-Rab6 (Amaxa 9 
nucleofector, Lonza) the day after silencing. 6-7 hours after electroporation the cells were injected in 10 
the otic vesicle of zebrafish embryos. Before the injection, cells were stained with Q-tracker 655 cell 11 
labelling kit (Life Technologies) for 45 minutes at 37 °C following the manufacturer’s instructions. 12 
After staining, cells were trypsinized, resuspended in culture medium and centrifuged for 8 minutes at 13 
400 x g. The supernatant was discarded and 1 ml PBS -/- Ca2+/Mg2+ was added to each cell pellet. 14 
Cells were resuspended and centrifuged again for 8 minutes, at 400 x g. The PBS was removed until 15 
the pellet was only partially covered and re-suspended in the small remaining volume of PBS. The cell 16 
suspension was then loaded onto a glass capillary connected to a pump (Eppendorf Femtojet Express) 17 
and controlled using a micromanipulator (MN153, Narishige). Prior to injection, the number of cells 18 
was regulated by varying the applied pressure of the pump. 2-3 nl of cell suspension was injected in 19 
the otic vesicle of each animal that were subsequently placed at 35 °C to facilitate cell growth. No 20 
adverse effects on embryo development were observed. Images were acquired directly after the 21 
injection (time zero) and at 24 and 48 hours post-injection using a Leica DFC365FX stereomicroscope 22 
with a 1.0x PlanApo lens. For the quantification of cell migration, the distance of the cells from the 23 
injection site was measured as the area obtained by drawing a line along the cells outside of the 24 
injection site at 24 and 48 hours after the injection. The quantification was performed by using the 25 
software ImageJ. 26 
 27 
 28 
Image processing and analysis 29 
Image analysis and processing was performed using ImageJ (National Institutes of Health) and Adobe 30 
Photoshop (Adobe Systems). Analysis of the total filopodia number per cell was done using FiloQuant 31 
plugin for ImageJ, kindly provided by Guillaume Jacquemet, University of Turku, Finland.  32 
For the analysis of filopodia at the leading edge of migrating cells, the FiloQuant plugin was used to 33 
measure the cell border, and the filopodia were manually counted to include only protrusions 34 
extending from the membrane facing the wound.  35 
For the quantification of Cdc42-positive vesicles in the cell front of migrating cells, the total number 36 
of Cdc42-positive vesicles was calculated using ImageJ. A line parallel to the migration front was 37 
drawn over the perinuclear region, half-way between the nucleus and the cell border and the number of 38 
vesicles above the line in the cell front was counted and expressed as percentage compared to the total 39 
number of vesicles per cell. 40 
 41 
 42 
Statistical analysis 43 
Assessment of statistical differences was done by two-tailed paired Student’s t-test using Excel 44 
software, or ANOVA followed by post hoc tests in the GraphPad Prism 8 software as indicated in the 45 
figure legends. In the figures, statistical significance is indicated as follows: *P<0.05, **P<0.01, 46 
***P<0.001. The statistical analysis of the filopodial retraction force and velocity was done in Matlab 47 
using a two sample Student´s t-test and a two-sample Kolmogorov-Smirnov test. 48 

 49 

 50 

Results 51 

 52 
Rab6 depletion increases cell migration 53 
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 1 
Rab proteins are master regulators of intracellular membrane transport. However, increasing evidence 2 
shows that Rabs are also involved in the process of cell migration [10-12]. Rab7b interferes with cell 3 
migration by modulating actomyosin dynamics through direct interaction with the actin motor myosin 4 
II [10]. Since also Rab6 interacts directly with myosin II [15], we investigated whether Rab6, similarly 5 
to Rab7b, is important for the process of cell migration. 6 
 7 
To test our hypothesis, we performed a wound healing assay using U2OS cells transfected with an 8 
siRNA control or with four different siRNAs against Rab6 (siRNA Rab6 #1, siRNARab6 #2, siRNA 9 
Rab6 #3 and siRNA Rab6 #4). The quantification of the relative wound density showed that Rab6 10 
knockdown does indeed affect cell migration by increasing the rate of wound closure (Fig. 1a-c). 11 
Importantly, all the four different siRNAs used to knockdown Rab6 gave similar results, with an 12 
increase in wound density of approximately 20% 24 hours after wounding (except siRNA Rab6 #4 13 
that resulted in only 5% increase), indicating that Rab6 specifically influence cell migration and that 14 
the result obtained was unlikely caused by off-target effects.  15 
 16 
We further analyzed in more detail the effect of Rab6 depletion on migrating cells. For this purpose 17 
we chose the two siRNAs that gave the strongest effect in the wound healing assay (siRNA Rab6 #1 18 
and siRNA Rab6 #2) and measured single cell speed and directionality in both U2OS (cancer cell line) 19 
and RPE-1 cells (epithelial cell line). The single cell analysis revealed that depletion of Rab6 increased 20 
cell speed by about 30% compared to control cells in both U2OS and RPE-1 cells, while directionality  21 
was only modestly affected (Fig. 1d-g; Suppl. Fig. 1a-f). The movement of continuous sheets of 22 
epithelial RPE-1 cells was also visualized by velocity fields, showing that the increased migration 23 
speed upon Rab6 depletion can be observed throughout the cell monolayer (Suppl. Fig. 1g). 24 
 25 
The re-expression of Rab6 in U2OS cells depleted for this small GTPase, using either oligos, rescued 26 
the migration at levels similar to the control (Suppl. Fig. 2a,b), thus excluding that this effect was a 27 
consequence of increased proliferation or reduced cell death (Suppl. Fig. 2c,d). This further validates 28 
the specificity of the Rab6 siRNAs and of the migration phenotype upon Rab6 knockdown.  29 
 30 
In addition to U2OS and RPE-1 cells, we also measured the effect on cell migration upon Rab6 31 
silencing on HeLa cells. Similarly to the previously tested cell lines, also migration in HeLa cells was 32 
increased in cells silenced with either oligos (Suppl. Fig. 2e,g). 33 
 34 
Having discovered that depletion of Rab6 increases cell migration, and knowing that Rab6 directly 35 
interacts with myosin II [15], we next investigated whether the effect of Rab6 on cell migration is a 36 
consequence of an effect on the actomyosin cytoskeleton. U2OS cells transfected with siRNA control 37 
or siRNAs against Rab6 were subjected to wound healing assays and the arrangement of the actin 38 
cytoskeleton was analyzed by confocal microscopy. The results showed a clear difference in the 39 
formation of actin protrusions at the leading edge of the migrating cells. In about 50% of the cells 40 
silenced for Rab6 the actin fibers were oriented perpendicular to the wound in contrast to only 30% for 41 
control cells (Fig. 2a-b). This result suggests that Rab6 influences actin dynamics.  42 
 43 
We also checked whether Rab6 influences cell polarization in migrating cells. It is known that the 44 
Golgi apparatus reorients in migrating cells from a random perinuclear position to the area between the 45 
nucleus and the leading edge [40,41]. However, Golgi reorientation was unaffected after Rab6 46 
depletion (Fig. 2a-c). 47 
 48 
All together, these data indicate that Rab6 depletion promote cell migration and actin fiber 49 
reorientation. 50 
 51 
 52 
Rab6 is required for cell spreading  53 
 54 
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Having observed that Rab6 affects cell motility, we further investigated whether Rab6 is required for 1 
cell spreading. U2OS cells transfected with siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were 2 
trypsinized and plated on fibronectin-coated cover slips, fixed and finally stained with rhodamine-3 
phalloidin. Quantification of the cell area clearly shows that knockdown of Rab6 decreases cell 4 
spreading in U2OS cells by circa 30% for both the tested oligos (Fig. 2d-e).  5 
 6 
In line with this, overexpression of Rab6 lead to an increased cell area by almost 30% (Fig. 2d-e), 7 
indicating that Rab6 is a modulator of cell spreading. Moreover, in samples knocked down using 8 
siRNA Rab6 #1, transfection of GFP-Rab6 rescued the spreading defect by restoring the normal 9 
cellular area (Fig. 2d-e).  10 
 11 
To shed more light on how Rab6 influences cell migration and cell spreading, we took advantage of L-12 
shaped adhesive micropatterns. Cells plated on regular culture dishes can take on a variety of different 13 
shapes and are constantly changing as their cytoskeleton reorganizes. Having all cells confined to 14 
specific and identical shapes makes it easier to compare them and identify possible effects on 15 
cytoskeleton architecture after Rab6 knockdown. On L-shaped fibronectin-coated micropatterns cells 16 
are forced to assume a right-angled triangular shape with the adhesive micropattern on two sides and a 17 
long non-adhesive stretch along the hypotenuse (Fig. 2f).  18 
  19 
U2OS cells were seeded on fibronectin-coated L-shaped micropatterns for 3.5 hours before fixation 20 
and staining with rhodamine-phalloidin to visualize the actin network. Interestingly, more than 80% of 21 
the cells silenced for Rab6 displayed an actin network architecture that appeared less straight and more 22 
collapsed along the non-adhesive side resulting in a hypotenuse with higher curvature, compared to 60% 23 
of the control cells (Fig. 2f-g). To overcome the absence of the underlying adhesive substrate cells are 24 
dependent on actomyosin contraction. Indeed, upon myosin inhibition the non-adhesive stretch takes 25 
on a relaxed (curved) instead of straight cell border [42]. Therefore, our results suggest that the 26 
increased curvature after depletion of Rab6 could be a consequence of reduced actomyosin 27 
contractility.  28 
 29 
To test this hypothesis, we next checked if Rab6 knockdown alter the phosphorylation status of MLC, 30 
as phosphorylation of MLC is known to regulate myosin II assembly and contraction [43]. As Ser19 is 31 
the primary phosphorylation site of MLC [44-46], we investigated whether MLC phosphorylation on 32 
Ser19 was affected upon Rab6 silencing. In line with our hypothesis, MLC phosphorylation was 33 
strongly downregulated after knockdown of Rab6 (Fig. 3a-b). 34 
 35 
Taken together these results suggest that Rab6 is important for regulation of actin dynamics and 36 
actomyosin contractility by regulating the activity of myosin II. 37 
 38 
 39 
Cdc42 activity is regulated by Rab6 40 
 41 
The phosphorylation status of MLC is tightly regulated by a myosin specific phosphatase and several 42 
different kinases working at distinct places in the cell to locally control myosin activity [45,47-52]. 43 
The upstream control of these kinases is orchestrated by members of the Rho GTPase family that are 44 
master regulators of cytoskeleton rearrangements [47,53,54]. We therefore hypothesized that Rab6 45 
influences myosin phosphorylation through the regulation of Rho GTPase family members. To test 46 
this, we investigated if Rab6 knockdown affected the activity of the most extensively characterized 47 
Rho GTPases, namely RhoA, Rac1 or Cdc42 [53,54], by pulldown assays. 48 
 49 
GST-tagged Rho binding domain (RBD) of the RhoA effector Rhotekin was used to pull down the 50 
active form of RhoA, while GST-tagged p21 Binding Domain (PBD) of the Cdc42 and Rac1 effector 51 
protein p21 activated kinase I (PAK) was used to pull down the active forms of Rac1 and Cdc42 in 52 
U2OS cell lysates treated with siRNA control or siRNA Rab6 #1. As shown in Figure 3c-f, Rab6 53 
depletion did not affect RhoA or Rac1 activity. However, Cdc42 activity was increased more than 1.6-54 
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fold compared to control cells, indicating that Rab6 regulates actin dynamics through the modulation 1 
of Cdc42 activity (Fig. 3g-h).  2 
 3 
To further detect the localized Cdc42 activation in live cells, we next took advantage of a fluorescence 4 
resonance energy transfer (FRET)-based biosensor for Cdc42 [55]. U2OS cells treated with siRNA 5 
control or siRNA Rab6 #1 were transfected with either wild-type Cdc42 biosensor or Cdc42 G12V 6 
constitutively active mutant biosensor as control, and imaged for FRET analysis. We measured Cdc42 7 
activity in regions at the cell periphery as we had previously detected differences in actin arrangement 8 
in cell protrusions after Rab6 depletion (Fig. 2a-b). Spectral imaging and measurement of the 9 
FRET/Cerulean ratio at 530 nm confirmed a significant increase in Cdc42 activity in cells depleted for 10 
Rab6 compared to the control, thus verifying the results from the pull-down assay and further 11 
demonstrating a localized activation of Cdc42 at the cell periphery (Fig. 3i-j). A similar increase in 12 
Cdc42 activity in cells depleted for Rab6 was measured also in migrating U2OS cells (Fig. 3k-l). All 13 
together these results support a model in which Rab6 knockdown induces the activation of Cdc42 at 14 
the cell periphery.  15 
 16 
 17 
Cdc42 and its GEF Trio interact with Rab6 18 
 19 
To understand how Rab6 affects Cdc42 activity, we next looked at the intracellular localization and 20 
dynamics of these molecules by live cell confocal microscopy. U2OS cells were co-transfected with 21 
GFP-Rab6 and mCherry-Cdc42 before time-lapse image acquisition. As shown in Figure 4a, GFP-22 
Rab6 was present in the perinuclear/Golgi region from where Rab6-positive vesicles emerged and 23 
moved toward the cell periphery as previously reported [18,56]. Some of these vesicles were also 24 
positive for mCherry-Cdc42, although the percentage of mCherry-Cdc42-positive vesicles that co-25 
localized with GFP-Rab6 varied considerably between cells. Interestingly, time-lapse imaging 26 
revealed that these vesicles moved from the perinuclear region toward the cell periphery (Fig. 4a, 27 
Movie 1). Similar dynamics were also observed in migrating cells where vesicles positive for both 28 
Rab6 and Cdc42 were observed to move towards the cell periphery at the leading edge, but also often 29 
return back towards the cell centre (Fig. 4b). 30 
 31 
As Rab6 depletion promotes the activation of Cdc42, we then studied whether it also influences the 32 
localization of GTP-bound Cdc42. For this, we transfected control cells and cells silenced for Rab6 33 
with the constitutively active mutant of Cdc42. We left the cells to migrate for three hours after a 34 
scratch was made with a pipette-tip in the confluent cell monolayer and then we imaged the cells using 35 
time-lapse video-microscopy. Interestingly, the percentage of Cdc42-positive vesicles present in the 36 
front of the migrating cells was higher in cells silenced for Rab6, suggesting that Rab6 might have a 37 
role in balancing the transport of active Cdc42 to the cell periphery (Fig. 4c-d). 38 
 39 
Having observed that Cdc42 is present on Rab6-positive vesicles, we next investigated if these two 40 
small GTPases also interact. In order to test this, we performed co-immunoprecipitation (co-IP) 41 
experiments in U2OS cells transiently transfected with either GFP, GFP-Cdc42 wt, GFP-Cdc42 Q61L 42 
(constitutively active mutant) or GFP-Cdc42 T17N (dominant negative mutant). The results in Figure 43 
5a show that Rab6 interacts with all forms of Cdc42, and indicate that this interaction does not depend 44 
on the nucleotide binding state of Cdc42. As controls, both N-WASP and IQGAP1, known interactors 45 
of Cdc42, were immunoprecipitated by Cdc42 wt and its constitutively active mutant, but not by the 46 
dominant negative mutant (Fig. 5a), in agreement with previous reports [57-59]. This further supports 47 
the specificity of the interaction of Rab6 with all forms of Cdc42. We additionally performed a reverse 48 
co-IP where U2OS cells were transiently transfected with HA-Rab6. HA-Rab6 was able to 49 
immunoprecipitate endogenous Cdc42, again confirming the interaction between Rab6 and Cdc42 (Fig. 50 
5b). 51 
 52 
Cdc42 is a small GTPase whose activity is regulated by guanine nucleotide exchange factors (GEFs) 53 
and GTPase-activating proteins (GAPs) that activate and inactivate it, respectively. Intriguingly, in a 54 
study from 2014, a GEF for the Rho family GTPases, Trio, was identified as a putative Rab6-binding 55 
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protein [5]. Importantly, while Trio has been considered a GEF for RhoG and Rac1, a recent work has 1 
challenged this view by demonstrating that Trio, although with a lower exchange rate than RhoG and 2 
Rac1, potently activates both RhoA and Cdc42 [30].  3 
 4 
We therefore investigated whether Rab6 modulates Cdc42 activity by regulating the recruitment of a 5 
Cdc42 GEF, and verified the putative interaction between Rab6 and Trio by co-IP in HeLa cells as 6 
U2OS cells express lower levels of endogenous Trio. Cells were transiently transfected with GFP, 7 
GFP-Rab6 wt, GFP-Rab6 Q72L (constitutively active mutant), or GFP-Rab6 T27N (dominant 8 
negative mutant) and the immunoprecipitation was performed using GFP-Trap magnetic agarose 9 
beads. Immunoblotting using an antibody against Trio indeed demonstrated that GTP-bound Rab6 and 10 
endogenous Trio interact (Fig. 5c). We also performed a reverse co-IP in U2OS cells by transiently 11 
transfecting cells with either GFP or GFP-Trio, as well as HA-tagged Rab6 wt, HA-Rab6 Q72L, or 12 
HA-Rab6 T27N, and verified the interaction between Rab6 and Trio (Fig. 5d). Taken together, these 13 
findings indicate that Rab6 is able to recruit both Cdc42 and the GEF Trio and thus suggest a possible 14 
mechanism for Rab6 to modulate Cdc42 activity. 15 
 16 
To further investigate whether the enhanced activation of Cdc42 upon Rab6 knockdown depends on 17 
Trio, we silenced both Rab6 and Trio and measured Cdc42 activity. As shown in Suppl. Fig. 3a,b, Trio 18 
depletion alone inhibits Cdc42 activation down to levels comparable to another well-known GEF for 19 
Cdc42, DOCK10. The activity of Cdc42 in Rab6 and Trio double-knockdown cells was also 20 
significantly reduced, indicating that the effect on Cdc42 activation upon of Rab6 knockdown depends, 21 
at least to a certain extent, on Trio.  22 
 23 
We next studied the contribution of Trio on cell migration. In line with previous work [60], silencing 24 
of Trio considerably inhibited cell migration in a wound healing assay (Suppl. Fig. 3c). 25 
Overexpression of Rab6 wt did not further influence the effect of Trio depletion, while double-26 
knockdown of Trio and Rab6 reduced the Rab6-dependent increase in cell migration to the level of 27 
control cells. Taken together these results suggest that the increased migration upon Rab6 depletion 28 
may be at least in part dependent on Trio-mediated activation of Cdc42. 29 
 30 
 31 
Rab6 depletion influences F/G-actin ratio and filopodia formation and dynamics 32 
 33 
Cdc42 is a regulator of actin cytoskeleton dynamics that promotes formation of filopodia [61]. Since 34 
our results indicate that Rab6 influences Cdc42 activity at the cell periphery, we next checked whether 35 
actin polymerization and filopodia formation were altered after Rab6 knockdown.  36 
 37 
To determine if Rab6 influences actin polymerization, we quantified the relative amounts of cellular 38 
G-actin and F-actin in control cells and cells depleted for Rab6. Cell lysates were subjected to high-39 
speed centrifugation to separate the G- and F-actin pools, followed by quantitative Western blot 40 
analysis to assess the ratio of F- to G- actin. As expected, pretreatment with phalloidin, which 41 
stabilizes F-actin, increased the F/G-actin ratio with almost 2.5-fold compared to control cells (Fig. 6a-42 
b). Importantly, Rab6 knockdown also increased the ratio between F/G-actin of 0.6-fold compared to 43 
control cells (Fig. 6a-b).  44 
 45 
As this result is in line with increased actin polymerization, we next investigated whether the 46 
augmented pool of F-actin in cells knocked down for Rab6 could correlate with an increase in 47 
filopodia formation. We silenced HeLa cells for Rab6 as filopodia are easier to detect in this cell line 48 
than in U2Os cells, before fixation and staining of actin filaments with rhodamine-phalloidin. 49 
Consistent with the augmented Cdc42 activity after Rab6 knockdown, quantification revealed an 50 
increase in filopodia number by 17 % in cells depleted for Rab7b compared to control cells (Suppl. Fig. 51 
4a,b). Interestingly, the number of filopodia at the leading edge of migrating cells was even higher (27 % 52 
more than in control cells) upon Rab6 depletion and the re-expression of GFP-Rab6 in these cells was 53 
able to reduce the filopodia number (Fig. 6c-d). Since Rab6 is able to affect filopodia formation, it is 54 
reasonable to expect that Rab6 is localized to filopodia. To confirm this, U2OS cells were transiently 55 
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transfected with GFP-Rab6 and imaged using TIRF microscopy (TIRFM). TIRFM showed that Rab6-1 
positive vesicles were transported towards the cell surface and often localized to filopodia (Suppl. Fig. 2 
4c, Movie 2).  3 
 4 
Filopodia are dynamic structures consisting of F-actin bundles. Their growth and retraction is 5 
dependent on actin polymerization rate at the tip of the filopodia and on the actin retrograde flow [38]. 6 
To further investigate whether Rab6 in addition to filopodia formation also influences filopodia 7 
dynamics, we measured the retraction velocity and the force exerted by filopodia on optically trapped 8 
beads in control cells and in cells silenced for Rab6 (Fig. 6e). As shown in Figure 6g, the velocity of 9 
filopodia retraction increased in cells knocked down for Rab6 as the mean retraction velocity of 10 
filopodia resulted in 41.2± 23.9 nm/s compared to 28.5±12.7 nm/s in control cells. Also the mean stall 11 
force of the filopodia was quantified. The stall force is evaluated by the considering both the highest 12 
counteracting force at which still a retraction could be determined and the lowest counteracting force 13 
which led to a stall of the retraction process. The mean stall force of the filopodia in cells depleted for 14 
Rab6 (15.7±11 pN) was slightly higher than the one of the control cells (13.5±5.9pN), (Fig. 6f). In 15 
sum, our results show that the enhanced activation of Cdc42 induced by Rab6 silencing results in an 16 
increase in filopodia formation and influences filopodia dynamics. 17 
 18 
 19 
Rab6 knockdown promotes spread of cancer cells in vivo 20 
 21 
In this study we have shown by using in vitro systems that Rab6 depletion leads to increased cell 22 
migration by inhibiting myosin II phosphorylation and promoting Cdc42 activation. This results in 23 
increased actin polymerization that in turn leads to an enhanced formation of cell protrusions. We next 24 
investigated whether Rab6 depletion also promotes cell migration in vivo. To test this, we examined if 25 
Rab6 silencing influences the dissemination of human cancer cells with known invasion/metastasis 26 
potential, such as H1299 [62,63] in zebrafish embryos. 20 hours after silencing, control cells or cells 27 
silenced for Rab6 were labelled with fluorescent quantum dots (QDs) and injected into the otic vesicle 28 
of zebrafish larvae at 48 hours post-fertilization. Analysis was performed at 24 and 48 hours post 29 
injection by acquiring images using a stereomicroscope, as the spread of cancer cells could be seen in 30 
the body of the fish. The invasion potential of these cells was assessed by calculating the ability of the 31 
cells to migrate out from the otic vesicle. The results show that, compared to the control, cells silenced 32 
for Rab6 were able to migrate from the otic vesicle already at 24h post-injection and even more at 48h 33 
post injections (Fig. 7). Moreover, transfection of GFP-Rab6 in cells knocked down using siRNA 34 
Rab6 #1 rescued the increased invasive ability induced by Rab6 depletion (Fig. 7a,c). The effect of 35 
Rab6 depletion on in vivo cell migration was additionally confirmed by using a second siRNA 36 
targeting Rab6. Similarly to the results obtained with siRNA #1, cells silenced with Rab6 #2 were able 37 
to migrate in zebrafish embryos from the otic vesicle at 24h post-injection and at 48h post injections 38 
more than control cells (suppl. Fig. 5). In conclusion, by using a zebrafish xenograft model, we 39 
demonstrated that silencing of Rab6 potentiates invasion of H1299 cells in vivo, further confirming the 40 
role of Rab6 in cell migration. 41 
 42 
 43 
 44 

Discussion 45 
 46 
Rab6 is known to regulate the transport between the endoplasmatic reticulum, Golgi apparatus, plasma 47 
membrane and endosomes [17,18,20,21,19]. In this study we reveal a novel function of this GTPase as 48 
a negative regulator of cell migration by interacting with both a Rho family member and its GEF and 49 
influencing actin cytoskeleton organization. 50 
 51 
Rab proteins are known to interact with different motor proteins to facilitate distinct processes in 52 
intracellular trafficking [64-67]. Between them, only Rab6 and Rab7b have so far been shown to 53 
directly interact with the non-processive motor protein myosin II [15,10]. Interestingly, while Rab6 is 54 
reported to mediate the fission of vesicles from the Golgi apparatus by recruiting myosin II [15], the 55 
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interaction between Rab7b and myosin II has proven to be important not only for vesicular transport 1 
but also for proper cytoskeleton dynamics required in cell migration [10].  2 
 3 
In the present study, we reveal a new function for Rab6 in the regulation of cytoskeleton organization 4 
and cell migration by showing that Rab6 modulates myosin II activity. Indeed, depletion of Rab6 5 
decreases myosin II phosphorylation on Ser 19 (Fig. 3a-b). These results are further supported by the 6 
decreased ability of cells knocked down for Rab6 to generate enough actomyosin contractility to 7 
support full extension of their free edge when grown on L-shaped micropatterns (Fig. 2f-g).  8 
 9 
Myosin II knockdown or inhibition by drugs has been generally shown to increase the speed of 10 
migrating cells in many different cell types [68-71]. These studies support our finding that increased 11 
cell migration after Rab6 knockdown is a consequence of a decrease in myosin II phosphorylation. 12 
Even though there is no general consensus on the role of myosin II in cell spreading and on the effects 13 
of its inhibition [72-77], Nisenholz et al. recently found that the balance of the forces exerted by 14 
myosin II between the periphery and the center of the cell is important for the regulation of cell 15 
spreading [78]. They demonstrated that the forces exerted by myosin II in the periphery facilitated cell 16 
spreading, while those exerted more centrally opposed spreading. Based on this model, the decrease in 17 
cell spreading we measured after Rab6 knockdown could be a consequence of less myosin-dependent 18 
forces exerted towards the cell periphery due to the decreased myosin II phosphorylation. 19 
 20 
Intriguingly, our results also show that depletion of Rab6 increases Cdc42 activity (Fig. 3g-h). In 21 
addition, using a Cdc42 FRET biosensor construct, we demonstrate that the Cdc42 activity is 22 
increased at the cell periphery in both migrating and non-migrating cells (Fig. 3i-l). It is well 23 
established that activation of the small GTPase Cdc42 promotes Arp2/3-dependent actin nucleation 24 
and polymerization important for initiation and dynamics of filopodia [53,79-82]. In agreement with 25 
this, we found an increase not only in the amount of F-actin after depletion of Rab6, but also in cell 26 
protrusions and filopodia formation (Fig. 2a,b; Fig. 6a-d; Suppl. Fig. 4a,b).  27 
 28 
It is tempting to hypothesize that the increased activation of Cdc42 after Rab6 knockdown could be 29 
the cause for the reduced phosphorylation of myosin II. Indeed, phosphorylation of myosin II on Ser 30 
19 is tightly controlled by myosin specific phosphatase and kinases, some of which are regulated by 31 
Cdc42 [44-46,83,84]. In line with this hypothesis, studies on force generation of cortical actin and cell 32 
protrusions have shown that less myosin II contractility in the cortical actin can lead to more 33 
protrusions [85,86]. This is again consistent with the increased formation of protrusions and filopodia 34 
observed in cells silenced for Rab6. In the light of this, our results are compatible with a model where 35 
Rab6 modulates Cdc42 activity at the cell periphery, thereby regulating actin cytoskeleton dynamics 36 
and myosin II activity, which results in decreased spreading and increased filopodia formation and 37 
protruding potential. Indeed, we demonstrate that Cdc42 is present on Rab6-positive vesicles directed 38 
toward the cell periphery, that afterwards can also move back toward the center of the cell (Fig. 4a,b). 39 
Most interestingly, depletion of Rab6 redistributes active Cdc42 towards the leading edge of migrating 40 
cells (Fig. 4c,d). This suggests that Rab6 may modulate either how much Cdc42 should be transported 41 
to the cell periphery or its time of residence at the periphery of the cells, and that upon Rab6 depletion 42 
this control is lost.  43 
 44 
How then, does Rab6 regulate Cdc42 activity? Evidence of cross-talk between the Rab and Rho family 45 
of small GTPases in the regulation of cytoskeleton dynamics is starting to emerge as some Rab 46 
proteins have been shown to regulate the activity of Rho family members [10,12,67,87-90]. However, 47 
a general mechanism behind this regulation is not well characterized. Our results show that Rab6 and 48 
Cdc42 are not only present on the same transport vesicle, but can also interact. This interaction is 49 
independent on the nucleotide binding state of Cdc42 (Fig. 5a,b), suggesting that Rab6 may recruit 50 
another factor for the direct modulation of Cdc42 activity. As we found that GTP-bound Rab6 binds to 51 
the Rho family GEF Trio (Fig. 5c,d), it is tempting to speculate that the recruitment of Trio by active 52 
Rab6 may prevent the activation of Cdc42. 53 
 54 
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Trio is a member of the Dbl family of GEFs whose activity is inhibited by direct interaction with 1 
phosphorylated myosin II [91]. A reduction in myosin II phosphorylation decreases the Dbl GEF-2 
myosin II interaction, resulting in increased GEF activity [91]. In light of this, the reduced amount of 3 
phosphorylated myosin II we measured after knockdown of Rab6 could trigger the increase in Trio 4 
GEF activity and thereby promote Cdc42 activation. As both Trio and Rab6 are known to bind to 5 
myosin II [15,91], an intriguing scenario is therefore that Rab6, Trio and myosin II may form a 6 
complex for the specific regulation of Cdc42 activity. The formation of such complex could explain 7 
how Rab6 recruits Trio and prevents Cdc42 activation: active Rab6 binds to both myosin II and Trio, 8 
sequestering this GEF as the binding of myosin II to Trio inhibits its GEF activity [91].   9 
 10 
In line with the involvement of Trio in the Rab6-dependent modulation of Cdc42 activity, double 11 
knockdown of Rab6 and Trio reduced Cdc42 activation and to some extent also the Rab6-dependent 12 
increase in cell migration (Suppl. Fig. 3). However, as both the activation of Cdc42 and the migration 13 
in the double-knockdown cells were not decreased to the same levels as Trio silencing alone, this 14 
suggests that the increased migration caused by Rab6 depletion is only in part dependent on Trio-15 
mediated activation of Cdc42. Therefore, additional mechanisms contribute to Cdc42 activation or to 16 
the increased migration, and based on our results, one of these is likely to involve myosin II 17 
phosphorylation. 18 
 19 
In conclusion, in this study we have revealed a new role for Rab6 in cell migration. We have also 20 
elucidated the underlying molecular mechanisms involved by showing that Rab6 can influence 21 
filopodia formation through the modulation of Cdc42 activity. Intriguingly, we further demonstrated 22 
that Rab6 knockdown promotes cancer cell spreading after xenotransplantation in zebrafish embryos 23 
(Fig. 7; Suppl. Fig. 5), in line with the evidence that an increased protrusion potential and filopodia 24 
formation contribute to cancer cell invasion [92,93], thus establishing Rab6 as a negative regulator of 25 
cell migration.  26 
 27 
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Figure legends 1 
 2 
Figure 1: Rab6 silencing promotes cell migration 3 
(a) U2OS cells transfected with control siRNA or 4 different siRNAs against Rab6 (#1, #2, #3, #4) 4 
were scratch-wounded and imaged every 3rd hour for 24 hours. Representative images of (T0) and 18 5 
hours after scratching are shown. Scale bar: 300µm. (b) Quantification of the relative wound density 6 
(%) as function of time for control cells and Rab6-depleted cells. Data represents the mean of three 7 
independent experiments. ***P < 0.001 compared to control (two-way repeated measures ANOVA 8 
followed by Tukey’s post test for t=24h).  (c) Cell lysates from each sample were subjected to Western 9 
blot analysis with antibodies against Rab6 and tubulin (as a loading control). (d) Representative track 10 
plots of the single cell distances of migration for cells transfected with siRNA control, siRNA Rab6#1 11 
or siRNA Rab6#2. Individual tracks are shown so that each starts at the origin (distance 0). 12 
Quantification of the mean ± s.e.m. of speed (e) and directness (f) relative to the control. n>150 cells 13 
from at least five independent experiments. *P < 0.05; **P < 0.01 (Paired Student’s t-test). (g) Lysates 14 
from cells transfected with either siRNA control or siRNA against Rab6 (#1 and #2) were subjected to 15 
Western blot analysis with the indicated antibodies.  16 
 17 
 18 
Figure 2: Rab6 influences actin dynamics and cell spreading 19 
(a) U2OS cells treated with siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were scratched with a 20 
pipet tip and fixed after 2 hours. Cells were immunostained with an antibody against giantin. Actin 21 
was labeled with rhodamine-conjugated phalloidin and nuclei with Hoechst. The lower insets show 22 
magnifications of the boxed areas. Scale bar: 20µm. (b) Quantification of the percentage of cells with 23 
actin fibers perpendicular to the wound is represented as mean ± s.e.m.; n>150 cells from four 24 
independent experiments. *P < 0.05 (Paired Student’s t-test). (c) Quantification of the percentage of 25 
cells having Golgi located between the nucleus and the leading edge. The graph shows the mean ± 26 
s.e.m.; n>120 cells from four independent experiments. (d) U2OS cells transfected with siRNA 27 
control, siRNA Rab6 #1, siRNA Rab6 #2, or silenced with siRNA control or siRNA Rab6 #1 and 28 
subsequently transfected with GFP-Rab6 were plated on fibronectin-coated coverslips and left to 29 
adhere for 1 hour before fixation and staining with Hoechst and rhodamine-conjugated phalloidin. 30 
Lower panel shows transmission images for comparison. Scale bar: 20µm. (e) Quantification of the 31 
average area. The graph represents the mean ± s.e.m. normalized to the control; n>90 cells from at 32 
least three independent experiments. *P < 0.05 (one-way ANOVA followed by Tukey’s post test).  (f) 33 
U2OS cells treated with siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were plated onto dishes 34 
with fibronectin-coated L-shaped micropattern and left to adhere for 3.5 hours before fixation and 35 
staining with rhodamine-conjugated phalloidin. Color-coded frequency map of averaged Z-projected 36 
images from one representative experiment are shown. Scale bar: 10µm. (g) The graph shows the 37 
quantification for each condition of the percentage of cells with straight or curved hypotenuse (mean ± 38 
s.e.m.) normalized to the control. n>60 cells from three independent experiments. *P < 0.05; **P < 39 
0.01 (Paired Student’s t-test). 40 
 41 
 42 
Figure 3: Rab6 regulates MLC phosphorylation and Cdc42 activity 43 
(a) Lysates from U2OS cells transfected with control siRNA, siRNA Rab6 #1 or siRNA Rab6 #2 were 44 
subjected to western blot analysis using antibodies against phosphorylated myosin light chain (p-45 
MLC), total MLC and tubulin (as a loading control). (b) Quantification of the amount of p-MLC 46 
normalized to the total amount of MLC for each of the indicated sample. The data represent the mean 47 
± s.e.m. relative to the siRNA control sample of three independent experiments. (c-h) Lysates from 48 
U2OS cells treated with control siRNA or siRNA Rab6 #1 were mixed with beads coupled to either 49 
GST-Rhotekin-RBD to pull down the active form (GTP-bound) of RhoA (c), or to GST-PAK-PBD to 50 
pull down the active forms of Rac1 (e) or Cdc42 (g) and analyzed by western blot. As a positive 51 
control, cells were loaded with GTPS. The levels of active RhoA (d), Rac1 (f), and Cdc42 (h) were 52 
normalized to the amount of tubulin and plotted relative to the intensities of GTP-bound Rho proteins 53 
in the control sample. The graphs represent the mean ± s.e.m. normalized to the control of at least 54 
three independent experiments. (i) U2OS cells treated with siRNA control or siRNA Rab6 #1 and 55 
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transfected with either Cdc42 G12V biosensor or Cdc42 wt biosensor as indicated, were imaged live 1 
with spectral imaging. Scale bar: 20µm. (j) The graph shows the mean ± s.e.m. of the normalized 2 
FRET/mCerulean ratios for the indicated samples; n>70 cells from three independent experiments. (k) 3 
U2OS cells treated with siRNA control or siRNA Rab6 #1 and transfected with either Cdc42 G12V 4 
biosensor or Cdc42 wt biosensor as indicated, were scratched and let migrate for four hours before live 5 
spectral imaging. The white arrows indicate the direction of migration. Scale bar: 20µm. (l) The graph 6 
shows the mean ± s.e.m. of the normalized FRET/mCerulean ratios for the indicated samples; n>12 7 
cells from four independent experiments. *P < 0.05; **P < 0.01 (Paired Student’s t-test). 8 
 9 
 10 
Figure 4: Cdc42 is transported towards the cell periphery in Rab6-positive vesicles. (a) U2OS 11 
cells co-transfected with GFP-Rab6 and mCherry-Cdc42 were imaged using a spinning-disk confocal 12 
microscope for the indicated time points. The arrows indicate a vesicle positive for both Rab6 and 13 
Cdc42 moving toward the cell periphery. Scale bar: 10µm. (b) U2OS cells co-transfected with GFP-14 
Rab6 and mCherry-Cdc42 were scratch-wounded with a pipet tip and imaged three hours later by 15 
using a spinning-disk confocal microscope for the indicated time points. The image represents 16 
maximum-intensity projections of z-stacks. The big white arrow indicates the direction of migration. 17 
Magnifications of the boxed area are shown in the insets. The arrows in the insets indicate a vesicle 18 
positive for both Rab6 and Cdc42 moving both toward the cell periphery and back. Scale bar: 10µm. 19 
(c) U2OS cells treated with siRNA control or siRNA Rab6 #1 and transfected with pTriEx-mCherry-20 
Cdc42 Q61L were scratched with a pipet tip and imaged three hours later. The images represent 21 
maximum-intensity projections of z-stacks. The white arrows indicate the direction of migration. 22 
Magnifications of the boxed areas are shown in the insets. Scale bar: 10µm. (d) Quantification of the 23 
percentage of Cdc42 Q61L-positive vesicle in the cell front compared to the total number of Cdc42 24 
Q61L-positive vesicles within the cell. The graph shows the mean ± s.e.m. from two independent 25 
experiments (n=8). *P < 0.05 (Paired Student’s t-test). 26 
 27 
 28 
Figure 5: Cdc42 and its GEF Trio interact with Rab6 29 
(a) Lysates from U2OS cells transiently transfected with either GFP, GFP-Cdc42 wt, GFP-Cdc42-30 
Q61L or GFP-Cdc42-T17N were subjected to immunoprecipitation with GFP-Trap or control-Trap 31 
magnetic agarose beads. Whole-cell lysates (WCL) and immunoprecipitates (IP) were subjected to 32 
western blot analysis with the indicated antibodies. (b) Lysates from U2OS cells transiently 33 
transfected with HA-Rab6 wt, were subjected to immunoprecipitation with an antibody against HA or 34 
an isotype control (IgG1). WCL and IP were subjected to western blot analysis using antibodies 35 
against HA or Cdc42. (c) HeLa cells were transiently transfected with GFP, GFP-Rab6 wt, GFP-Rab6 36 
Q72L, or GFP-Rab6 T27N, lysed and subjected to immunoprecipitation with GFP-Trap or control-37 
Trap magnetic agarose beads. WCL and immunoprecipitates IP were subjected to western blot 38 
analysis using the indicated antibodies. (d) U2OS cells transiently transfected with either GFP or GFP-39 
TRIO, together with HA-Rab6 wt, HA-Rab6 Q72L or HA-Rab6 T27N, were subjected to 40 
immunoprecipitation with GFP-Trap magnetic agarose beads. WCL and IP were subjected to western 41 
blot analysis with the indicated antibodies. 42 
 43 
 44 
Figure 6: Filopodia formation and dynamics are affected by Rab6 depletion 45 
(a) F-actin (F) and G-actin (G) pools were separated from lysates of U2OS cells transfected with 46 
siRNA control or siRNA Rab6 #1 by ultracentrifugation. Phalloidin was added to a control sample to 47 
verify that the F- and G-actin pools were successfully separated. Samples were loaded on SDS-PAGE 48 
and subjected to Western blot analysis using an antibody against actin. The graph shows the 49 
percentage of F-actin and G-actin relative to the total amount of actin. Data represents the average of 50 
four independent experiments. **P < 0.01 (Paired Student’s t-test). (b) Cell lysates from each of the 51 
indicated sample were subjected to Western blot analysis with antibodies against Rab6 and tubulin (as 52 
a loading control). The intensities of the bands were quantified using densitometry, normalized against 53 
the amount of tubulin, and plotted relative to the intensities obtained in cells transfected with siRNA 54 
control. The values represent the mean ± s.e.m. for four independent experiments. ***P < 0.001 55 
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(Paired Student’s t-test). (c) HeLa cells treated with siRNA control or siRNA Rab6 #1, or silenced for 1 
Rab6 and subsequently transfected with GFP-Rab6, were scratched and let migrate for three hours 2 
before fixation and staining with DAPI and rhodamine-conjugated phalloidin. The lower insets show 3 
magnifications of the boxed areas. Scale bar: 20µm. (d) Quantification of the number of filopodia per 4 
100 µm of cell membrane facing the wound. The graph represents the mean ± s.e.m.; n>50 cells from 5 
three independent experiments. P < 0.05 (one-way ANOVA followed by Fisher’s LSD test). (e) 6 
Confocal image of HeLa cells transfected with LifeAct-RFP showing an optically trapped bead 7 
attached to a filopodium. Scale bar: 2µm. (f) Distribution of the mean filopodial retraction velocity 8 
from 8 independent experiments (n= 30 for siRNA Rab6 #1 and n= 23 for siRNA control). Average 9 
values: 41.2 nm/s for siRNA Rab6 #1 and 28.5 nm/s for siRNA control. The measured velocities reject 10 
the null hypothesis that they originate from the same sample using a two-sample Kolmogorov-11 
Smirnov test and a two-sample t-test at a 5% significance level. (g) Distribution of measured stall 12 
forces from 8 independent experiments (n= 27 for siRNA Rab6 #1 and n= 15 for siRNA control). 13 
Mean stall force for siRNA Rab6 #1 = 12.6pN and for siRNA control = 10.6pN.  Neither a two-sample 14 
Kolmogorov-Smirnov test nor a two sample t-test of the data does allow to reject the null hypothesis 15 
that they originate from the same sample. 16 
 17 
 18 
Figure 7: Rab6 knockdown promotes spread of cancer cells in zebrafish embryos following 19 
xenotransplantation   20 
(a) H1299 cells transfected with control siRNA, siRNA Rab6 #1, or silenced with siRNA Rab6 #1 and 21 
subsequently transfected with GFP-Rab6, were stained with QDs Q-Tracker 655 and injected into the 22 
otic vesicle (red circle) of 2-dpf zebrafish wild type embryos. Representative images of (T0) and 48 23 
hours after injection are shown. In contrast to the control cells (top panels), and to cells silenced with 24 
siRNA Rab6 #1 and transfected with GFP-Rab6 (lower panels), that remained confined to the 25 
injection area, cell silenced for Rab6 (middle panels) showed higher ability to migrate outside from the 26 
otic vesicle at 48 hours (arrows). Magnification of the boxed areas are shown in the inset on the right 27 
of each panel. Scale bar: 100 µm. (b) The quantification of cell migration was performed by 28 
measuring the area occupied by the cells at 24 hours and 48 hours after injection and was normalized 29 
to the area occupied by the cells in the otic vesicle at T0. The graph represents the mean ± s.e.m. from 30 
n>10 embryos. (c) H1299 cells transfected with control siRNA or siRNA Rab6 #1 for 24 or 48 hours, 31 
or silenced with siRNA Rab6 #1 and subsequently transfected with GFP-Rab6 for 24 or 48 hours, 32 
were subjected to western blot analysis using antibodies against Rab6 and tubulin (as a loading 33 
control). *P < 0.05; **P < 0.01 (one-way ANOVA followed by Fisher’s LSD test). (d) Quantification 34 
of Rab6 levels normalized to the amount of tubulin, and plotted relative to the intensities obtained in 35 
cells transfected with siRNA control for each of the indicated sample. The data represent the mean ± 36 
s.e.m. relative to the siRNA control sample of three independent experiments. **P < 0.01 (Paired 37 
Student’s t-test).  38 
 39 
 40 

Supplementary figure legends 41 
 42 
Supplementary figure 1: Rab6 silencing promotes cell migration in RPE-1 cells 43 
(a) RPE-1 cells treated with siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were scratch-wounded 44 
and imaged every 15th minute for 24 hours. Representative images of (T0) and 24 hours after 45 
scratching are shown. Scale bar: 300µm. Quantification of single cell speed (b) and directness (c) is 46 
represented as mean ± s.e.m.; n>230 cells from five independent experiments. (d) Cell lysates from 47 
each of the indicated samples were subjected to Western blot analysis with antibodies against Rab6 48 
and tubulin (as a loading control). (e) The intensities of the bands were quantified using densitometry, 49 
normalized against the amount of tubulin, and plotted relative to the intensities obtained in cells 50 
transfected with siRNA control. The values represent the mean ± s.e.m. for five independent 51 
experiments. *P < 0.05; **P < 0.01; ***P < 0.001 (Paired Student’s t-test). (f) Representative track 52 
plots of the single cell migration distances. Individual tracks are shown so that each starts at the origin 53 
(distance 0). (g) Velocity vector fields of particle image velocimetry analysis (PIV). Scale bar: 100µm. 54 
 55 
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 1 
Supplementary figure 2: Rab6 depletion promotes cell migration independently from cell 2 
proliferation 3 
(a) U2OS cells treated with either siRNA control, siRNA Rab6 #1, siRNA Rab6 #2, or treated with the 4 
same siRNAs and afterwards transfected with GFP-Rab6 were scratch-wounded and imaged for 24 5 
hours. The graph represents the mean from three independent experiments of the relative wound 6 
density (%) as function of time. ***P < 0.001 compared to control (two-way repeated measures 7 
ANOVA followed by Tukey’s post test for t=24h).  (b) Cell lysates from each sample were subjected 8 
to Western blot analysis with antibodies against Rab6 and tubulin (as a loading control). (c) U2OS 9 
cells treated with either siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were scratch-wounded and 10 
imaged in medium containing Cytotox Green reagent to label dying cells green. Cell death during 11 
migration was quantified by dividing the number of green objects at each time point with the number 12 
of green objects at time 0. The graph represents the mean from three independent experiments. (d) 13 
U2OS cells treated with either siRNA control, siRNA Rab6 #1 or siRNA Rab6 #2 were scratch-14 
wounded and incubated in medium (with or without serum as indicated) containing the modified 15 
thymidine analogue Edu. The graph shows the percentage of Edu-positive cells after 24 hours, relative 16 
to Edu-positive control cells in medium containing serum. The data represents the mean ± s.e.m from 17 
three independent experiments. (e) HeLa cells treated with either siRNA control, siRNA Rab6 #1, or 18 
siRNA Rab6 #2 were scratch-wounded and imaged for 24 hours. Representative images of (T0) and 24 19 
hours after scratching are shown. Scale bar: 300µm. (f) Quantification of the relative wound density 20 
(%) as function of time for control cells and Rab6-depleted cells. Data represents the mean of three 21 
(siRNA #1) or two (siRNA #2) independent experiments. *P < 0.05; ***P < 0.001 compared to 22 
control (two-way repeated measures ANOVA followed by Tukey’s post test for t=24h).  (g) Cell 23 
lysates from each sample were subjected to Western blot analysis with antibodies against Rab6 and 24 
tubulin (as a loading control). 25 
 26 
 27 
Supplementary figure 3: Role of Trio in Rab6-dependent Cdc42 activation and cell migration. 28 
(a) Lysates from U2OS cells transfected with control siRNA, siRNA Rab6 #1, siRNA Trio, siRNA 29 
Rab6 #1 and siRNA Trio, or siRNA DOCK10 were mixed with beads coupled to GST-PAK-PBD to 30 
pull down the active forms of Cdc42 and analyzed by western blot. (b) Quantification of the levels of 31 
active Cdc42 were normalized to the amount of tubulin and plotted relative to the intensities of GTP-32 
bound Cdc42 in the control sample. The graphs represent the mean ± s.e.m. normalized to the control 33 
of at least three independent experiments. *P < 0.05; **P < 0.01 (Paired Student’s t-test). (c) U2OS 34 
cells treated with either siRNA control, siRNA Rab6 #1, siRNA Trio, siRNA Rab6 #1 and siRNA Trio, 35 
or treated with siRNA Trio and afterwards transfected with GFP-Rab6, were scratch-wounded and 36 
imaged for 24 hours. The graph represents the mean from at least three independent experiments of the 37 
relative wound density (%) as function of time. ***P < 0.001 compared to control (two-way repeated 38 
measures ANOVA followed by Tukey’s post test for t=21h).  39 
 40 
 41 
Supplementary figure 4: Rab6 and filopodia  42 
(a) HeLa cells treated with siRNA control or siRNA Rab6 #1 were fixed and stained with DAPI and 43 
rhodamine-conjugated phalloidin. The lower insets show magnifications of the boxed areas. Scale bar: 44 
20µm. (b) Quantification of the number of filopodia per 100 µm cell membrane length. The graph 45 
represents the mean ± s.e.m.; n>100 cells from four independent experiments. *P < 0.05 (Paired 46 
Student’s t-test). (c) U2OS cells transfected with GFP-Rab6 and labeled with SiR-actin, were imaged 47 
with a Total Internal Reflection fluorescent (TIRF) microscope. Right panels: arrows in the insets 48 
point to Rab6-positive vesicles moving towards filopodia. Scale bar: 10 µm. 49 
 50 
 51 
Supplementary figure 5: Rab6 knockdown promotes spread of cancer cells in zebrafish embryos 52 
following xenotransplantation   53 
(a) H1299 cells transfected with control siRNA or siRNA Rab6 #2 were stained with QDs Q-Tracker 54 
655 and injected into the otic vesicle (red circle) of 2-dpf zebrafish wild type embryos. Images were 55 
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taken soon after the injection (T0) as well as 24 and 48 hours later. In contrast to the control cells (left 1 
panels) that remained confined to the injection area, cell silenced for Rab6 (right panels) showed 2 
higher ability to migrate outside from the otic vesicle, both at 24 hours and at even more at 48 hours 3 
(arrows). Magnification of the boxed areas are shown in the inset on the right of each panel. Scale bar: 4 
100 µm. (b) The quantification of cell migration was performed by measuring the area occupied by the 5 
cells at 24 hours and 48 hours after injection and was normalized to the area occupied by the cells in 6 
the otic vesicle at T0. The graph represents the mean ± s.e.m. from n>15 embryos. *P < 0.05 (Paired 7 
Student’s t-test). (c) H1299 cells transfected with control siRNA or siRNA Rab6 #2 for 24 or 48 hours 8 
were subjected to western blot analysis using antibodies against Rab6 and tubulin (as a loading 9 
control).  10 
 11 
 12 
Movie 1: Cdc42 is transported towards the cell periphery in Rab6-positive vesicles. U2OS cells 13 
co-transfected with GFP-Rab6 and mCherry-Cdc42 were imaged using a spinning-disk confocal 14 
microscope at 1 second intervals. A vesicle positive for both GFP-Rab6 and mCherry-Cdc42 moving 15 
toward the cell periphery is tracked over time. Scale bar: 10µm 16 
 17 
 18 
Movie 2: Rab6-positive vesicles are transported towards filopodia 19 
U2OS cells transfected with GFP-Rab6 and labeled with SiR-actin, were imaged with a Total Internal 20 
Reflection fluorescent (TIRF) microscope.  21 
 22 
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