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Background and objectives

The global aim of the research project is to characterize intracellular trafficking of cystinosin and to identify possible novel functions of cystinosin, especially in membrane fusion. The specific aims of the projects are:

1. To characterize how cystinosin is sorted to the lysosome
2. To identify the possible cystinosin partners involved in vesicle fusion 

Update on the progress of research plan:

Previous research demonstrated that cystinosin, the lysosomal cystin transporter, is targeted to the late endosomes and lysosomes by two sorting signals, the classical tyrosine-based GYDQL lysosomal sorting motif in its C-terminal tail, and a novel conformational, localized to the 5th inter-TM loop, both of which are oriented toward the cytoplasm (Cherqui et al, 2001). We also showed that cells transiently or stably overexpressing a cystinosin-GFP fusion protein display striking aggregation of lysosomes into a few large juxtanuclear structures and a diminution of the usual pattern of small discrete intracytoplasmic vesicles characteristic of lysosomes. The number of these structures was drastically decreased when cystinosin C-terminal tail, its 5th inter-TM loop, or both motifs were altered. The enlarged lysosomes are reminiscent of what is observed in cells overexpressing hVam6p, a protein of the Vamp (Vesicle associated membrane protein) family, which has been identified as a mammalian tethering/docking factor with an intrinsic ability to promote lysosome fusion in vivo.
Altogether, this led to the hypothesis that cystinosin has important roles apart from cystine efflux, in particular that it may be involved in intracellular vesicular trafficking and lysosomal fusion, and that these effects might be mediated by its 5th inter-TM loop or the C-terminal tail. 

Moreover, little is known about the way the multispanning transmembrane proteins, like cystinosin, are targeted to lysosomes. Four heterotetrameric adaptor protein complexes (AP-1 to AP-4) are involved in selection of cargo molecules in mammalian cells by their ability to recognize the sorting motifs (Robinson and Bonifacino, 2001). The tyrosin-based motif located at the C-terminal tail of cystinosin presents similarities to those contained by proteins interacting with various AP complex sub-units. The studies on lysosomal targeting of family of lysosome-associated membrane proteins (LAMPs) and CLN3 indicate the existence of different possible pathways by which proteins can be sorted to these organelles mediated by distinct AP complexes. The second part of the project will focus on the cystinosin trafficking to the lysosomes and the role of AP complexes in this process.
Characterization of cystinosin intracellular sorting:

1. In order to identify the AP complexes interacting with cystinosin, a direct yeast two hybrid screen was performed. The C-terminal cystinosin sequence (RKRPGYDQLN) was cloned into LexA plasmid to allow the expression of cystinosin tyrosine based motif fused to DNA binding domain of GAL4. The subunits of AP complexes: μ1A (AP1), μ2 (AP2), μ3 (AP3), μ4 (AP4), ( (AP2) fused to activating domain of GAL4 transcription factor were kindly provided by J. Bonifacino and the inserts were verified by sequencing. The cystinosin C terminus containing construct or empty LexA plasmid was cotransformed into L40 yeast strain with constructs expressing different APs subunits (Fig.1 a) and b) respectively). We were able to confirm our preliminary data indicating the interaction between cystinosin and AP3 complex, as the blue coloration in ß-galactosidase assay and the growth on limiting histidine deprived medium was observed only for colonies containing the cystinosin tyrosine based motif and AP3 µ subunit (Fig.1 a) ). This interaction was no longer present when construct bearing substitution of Tyr into Ala in tyrosine based motif of cystinosin was used (RKRPGADQLN) (Fig.1 c) ). As the protein trafficking is a transient and dynamic process, the identified interaction could not be confirmed by immunoprecipitation performed on lysates of HeLa or HEK 293T cells transfected with cystinosin GFP expressing construct.      
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2. To analyze the role of AP complexes on cystinosin trafficking in a cellular model, the possible cystinosin mislocalization will be studied by cell surface biotinylation and immunofluorescence in cell lines depleated in subunits of the AP complexes. For this purpose, we generated stable mocha (Δδ AP3) and 3T3 cell lines expressing cystinosin GFP fusion protein. We are now performing the colocalization studies of cystinosin GFP protein with markers of different cellular compartments in these cell lines. The depletion of AP1 and AP2 in HeLa cells will be obtained by transfection with siRNA against µ (5’-GGC ATC AAG TAT CGG AAG A-3’) and α (5'-GAG CCG ACA CCA CCG CCA U-3') subunits of these complexes respectively (the siRNA sequences were kindly provided by A. Benmerah). We verified by qRT-PCR that we obtained sufficient and specific depletion of AP1 µ1 or AP2 α genes expression (Fig.2).
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Identification of cystinosin interaction partners


In order to get insight into the possible implication of the 5th inter-TM loop of cystinosin this domain was used for a large screen against a mouse kidney cDNA library (collaboration with Hybrigenics). We identified different putative partners and focused on two of them: Vps39 and Snf8 (the murine homolog of Vps22) both being implicated in membrane fusion and trafficking respectively (Caplan et al, 2001; Progida et al, 2006).  As we have reported previously, we wanted to confirm these interactions by immunoprecipitation and colocalization with cystinosin in HeLa cell line. As we did not find antibodies specifically recognising endogenous proteins, we were performing transfections of HeLa cell line with constructs expressing tagged proteins. The Vps39 myc and SNF8 HA constructs kindly provided by J. Bonifacino and C. Progida were subcloned into EGFP plasmid (Clontech). We prepared series of immunoprecipitation experiments on total cell lysates and microsomal fractions of HeLa cells transiently expressing cystinosin HA and Vps39 GFP or SNF8 GFP fusion proteins and were not able to confirm these interactions even after changing immunoprecipitation conditions (buffer pH, salt concentration).  We than focused on possible interaction with VPS39 and we decided to generate stable cell lines as we supposed that our transient cotransfection conditions maight not be efficient for these studies. As we observed that our clones did not express the VPS39 GFP protein at levels sufficient to perform immunoprecipitations we decided to change the cell line into HEK 293T (human embryonic kidney). We obtained a high expression of both proteins after transient transfections but we were still not able to confirm the VPS39 – cystinosin interaction. We than decided to verify the results of yeast two hybrid screen by performing a direct yeast two hybrid screen in the laborarory. For this we used the constructs containing fragments of: Cop1(, Mad2l2, SNF8 and VPS39 proteins all of which showed good interaction scores in preliminary screen performed by Hybrigenics (constructs obtained form the company). By this mean we were able to confirm interactions of the 5th inter-TM loop of cystinosin only with SNF8 and Mad2l2 as can be seen on figure 3.  As Mad2l2 is a nuclear protein that would not be expected to interact with cystinosin in physiological conditions we will now try to confirm the possible interaction with SNF8. 

[image: image3.emf]

References:

· Caplan S, Hartnell LM, Aguilar RC, Naslavsky N, Bonifacino JS, Human Vam6p promotes lysosome clustering and fusion in vivo. JCB 154(1): 109-121, 2001
· Cherqui S, Kalatzis V, Trugnan G, Antignac C, The targeting of cystinosin to the lysosomal membrane requires a tyrosin-based signal and a novel sorting motif., JBC 276: 13314-13321, 2001
· Progida C, Spinosa MR, De Luca A, Bucci C, RILP interacts  with the VPS22 component of the ESCRT-II complex, Biochem Biophys Res Commun. 347(4):1074-9, 2006 

· Robinson MS, Bonifacino JS. Adaptor-related proteins., Curr Opin Cell Biol.13(4):444-53,2001































































Figure 3. : Yeast two hybrid screen between cystinosin loop and putative interaction partners 








Figure 2. : qRT-PCR analysis of AP1 µ1 or AP2 α  expression in extracts of HeLa cells treated with  siAP1 or siAP2 (d2-d5  -  day 2-5 after siRNA transfection) 








Figure 1. : Yeast two hybrid screen for interaction of cystinosin tyrosin based motif with AP complexes











