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The single-celled eukaryote Saccharomyces cerevisiae, or budding yeast, is a useful model system because it is amenable to genetic manipulations and biochemical analyses.  The functional ortholog of cystinosin is Ers1p, which is encoded by the ERS1 gene.  We have been working several major projects to identify and explore the cellular defects that occur when ERS1 is absent in the ers1-∆ yeast strain.  First, we have previously reported that ers1-∆ results in decreased vacuolar pH.  Since one of the major mechanisms for acidifying the vacuole is through the vacuolar H+-ATPase (V-ATPase), we set out to characterize the V-ATPase in these cells.  We reported that there is a 20% decrease in V-ATPase subunit association, the mechanism by which the V-ATPase is regulated.  We now report that V-ATPase-dependent H+ pumping and ATP hydrolysis are normal in vacuole fractions enriched from ers1-∆ cells (Figure 1).  We measured V-ATPase dependent activities in cells grown in several different conditions, including rich media, minimal media, and minimal media with an additional 70 ug/mL cysteine.  We suspect that the V-ATPase is downregulated in ers1-∆ cells to compensate for the decreased vacuolar pH and are currently exploring this hypothesis.  

We have attempted to measure cystine in ers1-∆ using two methods, but have so far been unsuccessful in making any solid conclusions about cystine levels in these cells.  The first was via Liquid Chromatography – Mass Spectrometry in collaboration with the Proteomics Core at the University of Rochester in Rochester, NY.  Unfortunately, there was a lot of variation in these measurements and the cystine levels in samples that were spiked with cystine were similar to samples that were not spiked.  We also measured cystine in ers1-∆ cells via a competitive binding assay with bacterially-derived cystine binding protein, but the levels were virtually undetectable using this method.  We plan to again measure cystine in cells grown in various conditions with other collaborators, so that we can conclude whether the yeast model accumulates cystine similarly to patient cells.  


If the yeast cells do not accumulate cystine, one question that remains is why the yeast do not accumulate cystine without a functioning cystine transporter.  We plan to identify the protein or pathway that may be compensating for the absence of ERS1 by performing a synthetic lethal screen.  Through a collaboration with Charlie Boone at the University of Toronto, we were able to identify 53 putative genetic interactions with ERS1 using a particular synthetic lethal screen called Synthetic Genetic Array. We have been verifying the interactions by tetrad analysis, but none of the 33 strongest interactors have shown to interact with ERS1 under normal growth conditions in this particular strain background.  We plan to continue to screen the rest of candidate interactors, screen all of the interactors under various growth conditions, and rescreen all of the candidate interactions using a different strain background.  In addition the completing synthetic genetic array, we plan to perform a traditional synthetic lethal screen.  This screen involves randomly point-mutating the genome of ers1-∆ cells to determine candidate interactors.  This way, we can also identify linked, essential, or conditional genes.  We will also take more targeted approaches, including deleting genes that encode particular vacuolar proteins such as the glutathione transporter Ycf1p.  We also plan to perform microarray analysis using RNA from ers1-∆ versus ERS1+ to determine which genes are up or downregulated in response to ers1-∆.

In addition to identifying genetic intereactors, we have begun a yeast two-hybrid screen to identify proteins that interact with human Cystinosin.  We will use a human fetal brain library as prey and portions of Cystinosin that are predicted to be soluble as bait in the Cytrotrap yeast two-hybrid system from Stratagene.  We have begun cloning portions of the corresponding CTNS sequence to use in this screen.
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Figure 1 – V-ATPase-dependent activities are unchanged in ers1-∆.  Vacuoles were enriched from ERS1+ and ers1-∆ cells grown under several different conditions. Cells were homogenized and subjected to differential centrifugation over a ficoll gradient to isolate an enriched vacuolar fraction.  YPD (rich media) is shown and is representative of observations from other growth conditions.  A) V-ATPase-dependent ATP hydrolysis is not significantly different between ERS1+ and ers1-∆.  Vacuoles were incubated in buffer and ATP in the presence or absence of Concanamycin A, a specific inhibitor of the V-ATPase, and the amount of Pi that is produced was measured by 750 nm absorbance using an indicator.  Rates are expressed as milliunits per mg of protein (one mU corresponds to one nmol of substrate transformed per minute).  B) Establishment of a proton gradient is not different in ers1-∆ and ERS1+ vacuoles as determined by monitoring the formation of a pH gradient across the vacuolar membrane by fluorescence quenching of 9-amino-6-chloro-2-methoxyacridine (ACMA).  Rates are expressed as changes in relative fluorescent units per microgram of protein per second.            
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