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Translational Department 



Applied aim:  

-  for target validation 

   (toward tailored treatment)  

-  for drug discovery   

   (selection of effective drugs, prediction of “downstream” toxicity,  

   improve effectiveness/toxicity ratio) 

Platform’s mission is to work with research teams 
 as a partner for both basic and applied research projects 

Basic aim:  

 - as a validation approach  

    (systematic depletion by siRNA, no a priori, just deplete) 

- as a discovery tool 

   (phenotypic clustering to identify pathways, systematic annotation) 

- Introduction and strengths of our facility/research group!



Strengths (the facility is 7 years-old)"

The	
  pla(orm	
  is	
  equipped	
  to	
  handle	
  all	
  aspects	
  of	
  typical	
  HCS	
  screening	
  
workflow	
  (siRNA	
  and	
  Chemical	
  Libraries).	
  	
  

Web Server" Laboratory Information "
Management System"

Raw Image Analysis"

Image Storage –Linux server"

Robotics"

Image Acquisition"

- Introduction and strengths of our facility/research group!



   The Platform Team        The scientific staff 
            (coll. with Bioinfo team )                          (use the platform to their research) 

Elaine DEL NERY 
Platform Manager 
 
 
Aurianne LESCURE 
Automation Specialist  
 
Sarah TESSIER  
         Elodie ANTHONY 
Cellular Assays  
Development 
 
 
  

Grégory DUVAL 
Web Developer 
 

Nabil AMIROUCHEN, MD  
PhD Student 
Oncologist 

Franck PEREZ 
Research Director UMR 144  
Microtubule Dynamics and 
Intracellular Trafficking 
 

Jacques CAMONIS 
Research Director U830 
Analysis of transduction pathways 

Philippe BENAROCH 
Research Director  U932 
Intracellular Transport & 
Immunity  
 

- Introduction and strengths of our facility/research group!



How the researcher arrives to us ?     

Scientific question"

Cell model "

Tools to detect 
the target of 
interest/or cell 
structure"

Minituarization steps"
in 384-well plates"

Distribution de 1.5µl 
d’une plaque 

pooling dans une 
plaque essai à fond 
plat avec Lid et CB

Plaque stérile

Distribution de 
48.5µl de Mix de 

transfection 
Lavage Tete 

Aiguille

Incubation pendant 20 
minutes (Max 30min) 
Decay max 5 minutes

Distribution de 50µl de 
cellules+milieu dans la 
plaque essai en cônes 

(1 boîte par run)

Distribution des 
cellules plus milieu en 

cônes

1- 

2- 

3- 

Minituarization steps"
in 96-well plates"

•  Optimal cell density 
•  siRNA transfection efficiency  
•   DMSO sensibility 
•  Others: biotin, IL-1, arsenic addition 
•  Immunofluorescence protocol 
•  Check assay controls  
 
 

                     From bench to robotics"



Project analysis 
meeting 

From bench to 
automation 

Robotic procedures 
test  

Screen campaings 

•  Image acquisition 
• Storage 
• Quality Control 
checks 

Image 
segmentation  

Image Analysis 
and Hit List 

3-6 months 1-3 months 

•  Project feasibility. 
•  Miniaturization  

 

Distribution de 1.5µl 
d’une plaque 

pooling dans une 
plaque PCR avec 

CB

Distribution de 40µl 
de Mix de 

transfection
Incubation pendant 20 
minutes (Max 30min) 
Decay max 5 minutes

Transfert de 50µl  dans 
la plaque essai en 
cônes (1 boîte par 

plaque)

Distribution de 100µl 
de cellules plus milieu 

en cônes

1- 

2- 

3- 

Distribution de 8.5µl 
d’Optimum dans 
une plaque PCR 

avec CB

Few weeks - 
3 months 

Projects running at dif. levels 

How long does it take to run a screening project ? 

 
 



High-Content Screening Platform 
Other compounds added 

(TNF-α, arsenic, IL-1 …) 

Immunofluorescence 

siRNA Library or chemicals  
(4 siRNAs/gene)  

Data	
  explora+on	
  and	
  analysis	
  

Distribution de 1.5µl 
d’une plaque 

pooling dans une 
plaque PCR avec 

CB

Distribution de 40µl 
de Mix de 

transfection
Incubation pendant 20 
minutes (Max 30min) 
Decay max 5 minutes

Transfert de 50µl  dans 
la plaque essai en 
cônes (1 boîte par 

plaque)

Distribution de 100µl 
de cellules plus milieu 

en cônes

1- 

2- 

3- 

Distribution de 8.5µl 
d’Optimum dans 
une plaque PCR 

avec CB



 Work in progress – by levels  "
Level 1 : Data organization and processing steps (a central challenge)  "
"



Work in progress "
Level 2 : High-level exploration of phenotypic data "
"
"Population analysis 

Validate results, weed out noise and redundant data, increase internal consistency  
Descriptive statistics 
Correlation analysis 
1v1 distributions 

Outlier detection 
Highlight possible targets in global space or subspace of interest, perform preliminary clustering 

PCA, ICA 

Multiparametric Clustering 
Detect fingerprinting profiles, local and global similarities in a unified environment 

Hierachical Clustering 
DBSCAN (density-based) 
CLIQUE (subspace exploration) Rab4b 

Rab5a 
Rab5c 

ARF5 
ARL2 
ARL4 
ARL6 

Positive controls 



 Future work "
Level 3: Towards data integration"
"
"

Genomics 
Transcriptomics 
Proteomics 
Chemical libraries 

BioPhenics 
Database 

§ Data cross-validation 

§ Pattern discovery 

§ Functional annotation 



 Develop Image segmentation is a permanent need"

Cell Migration                                                       Cell Polarization 

Intensity segmentation 

Binary dilation 

erosion 

sieving of ‘orphaned’ spots. 

Define ‘wound’ area 

Multi-color edge detection 

Migration and polarization 
quantification 



Education                                   "

	
  
	
  

•  Meeting organization 
Two-day meeting  - 170 people for all over Europe, no fee 



Collaboration: basically french research groups 
and small pharma 
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Role of cysteine proteases in TLR3 signalling	
  

NO STIMULATION                                                                  STIMULATION"

NFkB TRANSPORT INTO"
THE NUCLEUS" FEATURE EXTRACTION"

0’ 10’ 30’ 60’ 

Stimulation!
!
!
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Density-­‐based	
  approach	
  in	
  micropaGerned	
  cells	
  
towards	
   quanHtaHve	
   analysis	
   of	
   cellular	
  
organizaHon	
  in	
  high-­‐content	
  approaches.	
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We developed a computational imaging approach that describes 
the three-dimensional spatial organization of endomembranes 
from micromanipulation-normalized mammalian cells with 
probabilistic density maps. Applied to several well-known 
marker proteins, this approach revealed the average steady-
state organization of early endosomes, multivesicular bodies 
or lysosomes, endoplasmic reticulum exit sites, the Golgi 
apparatus and Golgi-derived transport carriers in crossbow-
shaped cells. The steady-state organization of each tested 
endomembranous population was well-defined, unique and 
in some cases depended on the cellular adhesion geometry. 
Density maps of all endomembrane populations became stable 
when pooling several tens of cells only and were reproducible 
in independent experiments, allowing construction of a 
standardized cell model. We detected subtle changes in 
steady-state organization induced by disruption of the cellular 
cytoskeleton, with statistical significance observed for just  
20 cells. Thus, combining micropatterning with construction  
of endomembrane density maps allows the systematic study  
of intracellular trafficking determinants.

The intracellular membrane system of eukaryotic cells comprises a 
variety of endomembranes including nuclear envelope, endoplas-
mic reticulum, Golgi apparatus, endosomes and tubular-vesicular 
transport carriers, connected by multiple routes. Many studies 
have highlighted the complexity of transport pathways that permit 
constant exchange between intracellular compartments. To tackle 
this complexity, it is crucial to develop quantitative methods to 
better understand topological relationships between membrane 
trafficking compartments.

Although the organization of the intracellular membrane 
system is not known, it is intimately linked to cell cytoskeleton 
architecture1. Membranous transport carriers shuttling between 
compartments move along microtubules or are tethered and dis-
placed on actin networks via molecular motors2–4. One difficulty 
in studying endomembrane organization is that the connection 
between transport and cytoskeleton goes both ways: transport 
events also strongly influence cell cytoskeleton architecture.  

Probabilistic density maps to study global 
endomembrane organization
Kristine Schauer1, Tarn Duong1,2, Kevin Bleakley3, Sabine Bardin1, Michel Bornens1 & Bruno Goud1

For instance, during cell migration, precise delivery of proteins and 
lipids to the leading edge helps to induce reorganization of corti-
cal actin and reorientation of the microtubule network along the 
migration axis5,6. Also, endosomes and the Golgi apparatus have 
the capacity to respectively nucleate actin and microtubules7–10. 
The consequence of this interdependence is that cell morphology 
varies over time; cells are moving and constantly disassemble 
and reassemble their cytoskeleton. Furthermore, cells grown in 
 culture often display strong morphological cell-to-cell variation 
in a given population11,12. Population size, local cell density 
and position in a cellular islet have all been shown to determine 
 cellular morphology and responsiveness13. The resulting hetero-
geneity limits the systematic study of the global organization of 
trafficking endomembranes. Unlike the compact Golgi apparatus 
in mammalian cells and the endocytic recycling compartment, 
endosomes and various transport carriers are spatially dispersed 
and difficult to quantify. The large number of structures belong-
ing to endomembranous populations (such as early endosomes) 
makes studying their organization challenging.

To avoid the limitations of classical approaches that use uncon-
strained, dynamic cell shapes, we used microfabricated pat-
terns, which enforce cells to take a certain shape and prevent 
their migration14. Micropatterns allow for control of organelle 
organization15,16, and we ascertained a normal cell cycle and thus 
functional integrity. These patterned cells allowed us to construct 
quantitative maps of the spatial organization of intracellular mem-
branous compartments and to detect subtle changes in endomem-
brane organization induced by cytoskeleton disruption.

RESULTS
Construction of probabilistic endomembrane maps
We grew telomerase-immortalized human RPE-1 cells on 
 crossbow-shaped patterns, which biased the internal cellular 
organization along an anterior-posterior polar axis16. Vinculin-
containing focal adhesion sites form along the adhesive edges of 
the ‘bow’, and stress fibers are enriched at nonadhesive areas of the 
‘string’16 (Supplementary Fig. 1a). We grew cells on patterns for 
3 h before fixing them and immunodetecting endomembranes by 

1Unité Mixte de Recherche 144, Centre National de la Recherche Scientifique, Institut Curie, Laboratory Molecular Mechanisms of Intracellular Transport, Paris, France. 
2Institut Pasteur, Groupe Imagerie et Modélisation, Unité de Recherche Associée 2582, Centre National de la Recherche Scientifique, Paris, France. 3Mines ParisTech, 
Centre for Computational Biology, Institut Curie, Institut National de la Santé Et de la Recherche Médicale U900, Paris, France. Correspondence should be addressed to 
K.S. (kristine.schauer@curie.fr) or B.G. (bruno.goud@curie.fr).
RECEIVED 8 FEBRUARY; ACCEPTED 26 MARCH; PUBLISHED ONLINE 30 MAY 2010; DOI:10.1038/NMETH.1462
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1Unité Mixte de Recherche 144, Centre National de la Recherche Scientifique, Institut Curie, Laboratory Molecular Mechanisms of Intracellular Transport, Paris, France. 
2Institut Pasteur, Groupe Imagerie et Modélisation, Unité de Recherche Associée 2582, Centre National de la Recherche Scientifique, Paris, France. 3Mines ParisTech, 
Centre for Computational Biology, Institut Curie, Institut National de la Santé Et de la Recherche Médicale U900, Paris, France. Correspondence should be addressed to 
K.S. (kristine.schauer@curie.fr) or B.G. (bruno.goud@curie.fr).
RECEIVED 8 FEBRUARY; ACCEPTED 26 MARCH; PUBLISHED ONLINE 30 MAY 2010; DOI:10.1038/NMETH.1462
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To dissect secretory traffic, we developed the retention 
using selective hooks (RUSH) system. RUSH is a two-state 
assay based on the reversible interaction of a hook protein 
fused to core streptavidin and stably anchored in the donor 
compartment with a reporter protein of interest fused to 
streptavidin-binding peptide (SBP). Biotin addition causes a 
synchronous release of the reporter from the hook. Using the 
RUSH system, we analyzed different transport characteristics of 
various Golgi and plasma membrane reporters at physiological 
temperature in living cells. Using dual-color simultaneous 
live-cell imaging of two cargos, we observed intra- and post-
Golgi segregation of cargo traffic, consistent with observation 
in other systems. We show preliminarily that the RUSH system 
is usable for automated screening. The system should help 
increase the understanding of the mechanisms of trafficking 
and enable screens for molecules that perturb pathological 
protein transport.

It is now clear that there are many routes for proper transport, 
modification and addressing of proteins in the secretory pathway 
of cells. This had been anticipated because of the diversity of target  
compartments (for example, plasma membrane, endosomes and 
lysosomes) but also because of the existence of plasma membrane 
subdomains1–3. Even for a simple transport route (such as the 
endoplasmic reticulum (ER) to plasma membrane) in nonpolar-
ized cells, several independent pathways support the traffic of 
different subsets of protein cargo4–7. A comprehensive view of 
the mechanisms and dynamics of cargo sorting in these multiple 
secretory pathways requires assays that allow the dissection of 
the routes specific cargos follow. Ideally, these assays should be 
adaptable to a large diversity of cargos, allow quantitative and 
real-time trafficking observations and be amenable to large-scale 
experiments. Such assays would enable more detailed study of the 
large number of diverse trafficking regulators, such as families of 
small GTPases or SNAP receptors, the majority of which remain 
functionally unannotated.

Several approaches are currently used to image secretory traffic. 
For instance, short-term reporter expression, either after DNA 
microinjection or after photoconversion or photobleaching of a  

Synchronization of secretory protein traffic in 
populations of cells
Gaelle Boncompain1,2, Severine Divoux1,2, Nelly Gareil1,2, Helene de Forges1,2, Aurianne Lescure3,  
Lynda Latreche3, Valentina Mercanti1,2, Florence Jollivet1,2, Graça Raposo1,2 & Franck Perez1–3

fraction of the target protein in single cells, has been used for this 
purpose. These methods are frequently coupled with temperature 
block and release to synchronize the reporter pool and allow traffic  
through the secretory pathway to be followed quantitatively. 
Temperature block (for example, 15 °C to block proteins in the ER 
or 20 °C to block proteins in the Golgi8,9) has proven a powerful  
tool for studying intracellular traffic, including in living cells, but 
it also imposes a temporary arrest of virtually all biosynthetic 
pathways in a mammalian cell. Another classical and powerful 
method for cargo synchronization relies on a thermosensitive 
viral glycoprotein (VSVGtsO45) that cannot exit from the ER at 
the restrictive temperature of 39.5 °C (refs. 10,11). Synchronous 
transport and processing at 32 °C can be monitored in living 
cells12–14. However, the restrictive and permissive temperatures 
for this system are not fully physiological and complicate the use of 
this system for systematic screening. In addition, the VSVGtsO45 
system cannot be easily adapted to the analysis of a large diversity 
of cargos. An alternative method15 relies on the fusion of the pro-
tein of interest with conditional aggregation domains, resulting 
in the aggregation of the fusion protein in the ER. This aggrega-
tion is reversed by the addition of a small ligand, allowing syn-
chronous and controlled secretion of soluble or transmembrane  
proteins15–18. However, this approach is not applicable to proteins 
that cannot be tagged on their luminal domains and cannot be used 
for synchronization after the ER. A regulated trafficking system 
has also been developed that depends on the induction of reporter 
expression in Drosophila melanogaster cells19. It has been used for 
screening20,21 but because of slow kinetics would be less adapted to 
real-time analysis of early trafficking steps (such as ER export).

Thus there is still an unmet need for a versatile trafficking 
assay that allows efficient synchronization of diverse cargo, under 
physiological conditions, permits quantitative live cell imaging 
and is amenable to automated screening. Here we describe such 
a system, named RUSH, which relies on the selective retention 
and release of cargo molecules from a donor compartment.  
We showed that the RUSH system can be used to study and quan-
tify the trafficking of diverse proteins in live cells or in end-point 
assays, and that it shows potential for automated quantitative 
imaging and screening in the future.

1Institut Curie, Centre de Recherche, Paris, France. 2Centre National de la Recherche Scientifique, Unité Mixte de Recherche 144, Paris, France. 3The BioPhenics 
Laboratory, Institut Curie, Paris, France. Correspondence should be addressed to F.P. (franck.perez@curie.fr).
RECEIVED 2 AUGUST 2011; ACCEPTED 24 JANUARY 2012; PUBLISHED ONLINE 11 MARCH 2012; DOI:10.1038/NMETH.1928
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RESULTS
Principles of the RUSH trafficking assay
The RUSH system is based on the expression of two fusion pro-
teins: the hook, stably expressed in a donor compartment, and the 
reporter, which reversibly interacts with the hook. Upon reversion of 
the interaction, the reporter is free to resume its journey to its final 
compartment. The core streptavidin is fused to the hook, and the 
SBP is fused to the reporter (Fig. 1a,b). The SBP binds streptavidin 
with high affinity and can be outcompeted by biotin22,23, a natural, 
nontoxic vitamin, which diffuses freely in cell compartments. At 
steady state, the reporter protein is kept in the donor compartment 
owing to the streptavidin-SBP interaction. Synchronous release of 
the reporter occurs upon the addition of biotin to the medium. To 
monitor the trafficking of the reporter and allow real-time imag-
ing in living cells, the reporter is also fused to a fluorescent protein  
(for example, enhanced (E)GFP or monomeric (m)Cherry).

As a hook in the ER, we used a mutant of stromal interaction 
molecule 1 (STIM1-NN; a type I protein) that localizes in the ER 
but that cannot bind microtubules24 and an isoform of the human 
invariant chain of the major histocompatibility complex (Ii; a type 
II protein) that has an N-terminal arginine-based motif, which 
retains it in the ER25. We fused the hooks with the core strepta-
vidin in their luminal or cytoplasmic domain depending on the 
reporter studied. We also generated a minimal ER hook by simply 
fusing streptavidin to a C-terminal ER retention signal (Lys-Asp-
Glu-Leu; KDEL) (Fig. 1b). Finally, we selected Golgin-84 to be 
used as a cytoplasmic Golgi hook (Fig. 1b).

We then adapted reporters belonging to different classes of pro-
teins (type I, type II transmembrane, glycosylphosphatidylinositol 
(GPI)-anchored proteins and soluble secretory proteins) to the 
RUSH system (Fig. 1b) by fusing them to a SBP tag and to a fluo-
rescent protein. We cloned the genes encoding the hook and the 

reporter in a bicistronic expression plasmid to simplify the experi-
mental setup and ensure expression of both proteins. We placed 
the hook before an internal ribosome entry site (Fig. 1c) so that 
enough hook was expressed to retain every reporter molecule.

To validate the use of the RUSH system, we analyzed the reten-
tion and release of the targeting domain of a Golgi enzyme, 

-galactoside -2,6-sialyltransferase 1 (ST) in HeLa cells. At 
steady state, ST-SBP-EGFP and streptavidin-STIM1-NN were 
found in the ER (Fig. 1d). One hour after biotin addition, 
we detected ST-SBP-EGFP in the Golgi apparatus, its target 
compartment, while the hook was still localized in the ER  
(Fig. 1d). We obtained similar results using Ii-streptavidin as a 
hook (Supplementary Fig. 1).

Immunoelectron microscopy (Fig. 1e) showed that, in the 
absence of biotin, the reporter was localized in a network of tubu-
lar elements characteristic of the ER. Note that the ER’s overall 
structure did not seem affected by cargo accumulation. One hour 
after biotin addition, we observed labeling in the Golgi, indicat-
ing that the reporter was efficiently transported from the ER to 
the Golgi. We tested whether stable or transient expression of the 
RUSH proteins induced ER stress. We observed that expression 
of either protein alone or expression of both hook and reporter 
did not lead to an increase in the amount of the chaperone BiP 
(Supplementary Fig. 2a). Moreover transfection with a RUSH 
plasmid did not impair the trafficking of VSVGtsO45-GFP 
(Supplementary Fig. 2).

We examined the kinetics of release of the reporter from the 
hook. We analyzed the interaction between the hook and the 
reporters ST-SBP-EGFP or -mannosidase II (ManII)-SBP-EGFP  
(Fig. 2a,b and Supplementary Fig. 3) by immunoprecipitation  
using an antibody to GFP at different time points after the 
addition of biotin. The interaction was rapidly lost after biotin 

Figure 1 | The RUSH system. (a) A schematic 
of the principle illustrates that the reporter 
is retained in the donor compartment via its 
interaction with the hook. This interaction 
is mediated by the core streptavidin and the 
SBP. Release is induced by addition of biotin 
to allow trafficking of the reporter to its 
acceptor compartment. A fluorescent protein 
is fused to the reporter. (b) Schematics of 
hooks containing STIM1-NN, Ii or KDEL for ER 
retention or Golgin-84 for Golgi retention fused 
to streptavidin, and of reporters containing SBP 
fusions with Golgi proteins ST, ManII, GalT or 
Golgin-84, plasma membrane proteins VSVGwt, 
E-cadherin, TNF  or EGFP-GPI and secreted 
protein SBP-ssEGFP. HA, hemagglutinin tag;  
FP, fluorescent protein. (c) Schematics of genes 
coding for the hook and the reporter, expressed 
under the same CMV promoter (pCMV), separated 
by a synthetic intron (IVS, intervening 
sequence) and an internal ribosome entry site 
(IRES). (d) Micrographs of HeLa cells expressing 
streptavidin-STIM1-NN (blue) and ST-SBP-EGFP 
(green) with and without biotin treatment.  
The Golgi apparatus is indicated with staining 
for giantin (magenta). Scale bar, 10 m.  
(e) Ultrathin cryosections of HeLa cells 
expressing Ii-streptavidin and ST-SBP-EGFP without biotin (top) or with biotin for 1 h (bottom) and immunogold-labeled with an antibody to GFP. One hour 
after biotin addition (bottom), ST-SBP-EGFP was localized to the Golgi apparatus (GA). m, mitochondria; GFP-10, 10-nm gold particles. Scale bars, 200 nm.
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  Towards the  understanding of cell organisation                     Regulated secretion "
                                                                                                         RUSH (Retention Using selective Hook)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Some Projects from Lab Bench to BioPhenics 




