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The single-celled eukaryote Saccharomyces cerevisiae (budding yeast) is a useful model system because many pathways and protein functions are conserved from yeast to humans and 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 projects to identify and explore the cellular defects that occur when ERS1 is absent in the ers1-∆ yeast strain.  Our overall objective is to identify pathways and proteins that compensate for the absence of Ers1p in the ERS1 deletion strain ers1-Δ and explore how these pathways may be interacting with ERS1 and exhibiting their buffering effect.  

In previous reports we have highlighted our findings on altered vacuolar function in the form of vacuolar pH and our evaluation of the vacuolar ATPase in this phenomenon.  It is apparent that vacular pH may be altered in ers1-∆ yeast as a part of a compensatory mechanism for the lack of the Ers1p.  After numerous attempts at measuring cystine in our yeast model we concluded that it was unlikely that ers1-∆ yeast accumulate cystine.  However, to validate this conclusion  we have collaborated with Bruce Barshop at UCSD to measure total cystine in ers1-∆ cells using liquid chromatography – mass spectrometry and confirmed that there is no difference to wild type cells grown in either rich media or minimal media (Figure 1 a and b, respectively).  
In our endeavor to understand what the absence of Ers1p we have started to look at measures of oxidative stress.  There is a significant difference in the ability of ers1-Δ cells to survive in the presence of menadione in minimal media, and although it is not significant, we have preliminary data that showing a similar trend for ers1-Δ in the presence of hydrogen peroxide (Figure 2).  Furthermore, there is a change in the overall thiol cohort in ers1-Δ cells, as measured using the Thiol Quantification kit from Molecular Probes (Figure 3).  Interestingly, these changes only occur when cells are grown in minimal media (yeast nitrogen base, dextrose, and auxotrophic amino acids) and not in rich media (yeast extract, peptone, and dextrose), indicating that the cells can more readily compensate for ers1-Δ in nutrient rich conditions.  Immediate future studies that directly relate to this project will include measuring oxidized versus reduced glutathione and assaying aerobic respiration in ers1-Δ.   

As there is no change in cystine levels in ers1-Δ, but there is a change in thiol levels as well as an altered oxidative stress response, we postulate that there is another protein in the cell that at least partially compensates for the absence of Ers1p in ers1-Δ.  There are three major strategies we are taking to identify this pathway/protein.  First, we are implementing a traditional synthetic lethal screen, which involves randomly point-mutating the genome of ers1-∆ cells to determine candidate interactors.  Second, we are taking a more targeted approach by creating double mutants of ers1-Δ and other genes that encode proteins we hypothesize may genetically interact with ERS1.  For example, we have recently made an ers1-Δ/ycf1-Δ double deletion strain.  We have measured cystine (as above) and observed decreased levels of cystine in these cells compared to controls (Figure 4).  We intend to repeat these measurements to increase the sample size and confirm reproducibility.  The YCF1 gene encodes a vacuolar glutathione transporter in yeast, which makes it an interesting candidate interaction.  To note, there is no known lysosomal glutathione transporter in mammals.  Third, we are collaborating with the Analytical Genomics Core at the Sanford-Burnam Medical Research Institute to perform microarray experiments.  Currently, we are preparing RNA from ERS1+ and ers1-Δ in rich media and minimal media at different growth stages.  We hope to identify transcripts that are increased or decreased in ers1-Δ in order to identify compensatory proteins in this strain.  Changes will be confirmed at the transcript levels by quantitative RT-PCR and at the protein level by Western blot.   

We are also performing a yeast 2-hybrid screen using the Cytotrap yeast 2-hybrid system.  This system will identify proteins that physically interact with the soluble portions of human Cystinosin.  We are awaiting results from the Sanford Children’s Health Research Center Yeast 2-Hybrid Core.  Candidate interactors will be confirmed by coimmunoprecipitation experiments.
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Figure 1 – Cystine levels in ERS1+ and ers1-∆ cells.  Cells were grown in YPD (panel A) or YNB (panel B).  Whole cells were lysed by freeze-thawing.  Protein was precipitated by addition of sulfo salicylic acid and harvested by centrifugation.  The supernatant was subjected to LC-MS (courtesy of Bruce Barshop at UCSD).  The protein pellet was solubilized in 0.1N NaOH and protein concentration was measured by Bradford assay.  Cystine levels were normalized to protein concentration.  There is no significant difference in either condition by Student’s t-test.   
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Figure 2 – Comparison of oxidative stress response in ERS1+ and ers1-∆ cells.  Cells were incubated in hydrogen peroxide or menadione for four hours, then plated on rich media at 30oC.  After 2 days, colonies were counted.  Drug treatments were normalized to vehicle controls.  A) Table of percent survival results.  B) Graph of A.  Error bars represent standard error of mean.  Statistical comparisons between ERS1+ and ers1-∆ were made using two-way ANOVA and Bonferroni post-test (*P<0.001)
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Figure 3 – Thiol levels in ERS1+ and ers1-∆ cells.  Cells were grown in rich media (panel A) or minimal media (panel B).  Whole cells were lysed by resuspending in lysis buffer.  Protein concentration was measured by Bradford assay.  Thiol levels were measured by Thiol and Sulfide Quantification Kit (Molecular Probes).  Error bars represent standard error of mean. Significance differences (*P<0.001) were determined by two-way ANOVA and Bonferroni post-test.
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Figure 4 – Preliminary data of cystine levels in ycf1-Δ/ers1-∆ cells.  Cells were grown in YNB and lysed by freeze-thawing.  Protein was precipitated by addition of sulfo salicylic acid and harvested by centrifugation.  The supernatant was subjected to LC-MS (courtesy of Bruce Barshop at UCSD).  The protein pellet was solubilized in 0.1N NaOH and protein concentration was measured by Bradford assay.  Cystine levels were normalized to protein concentration.  Note that for ycf1-Δ and ers1-Δ/ycf1-Δ, n=1.  
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