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The following report summarizes three ongoing projects funded by a CRF fellowship.  These include two separate metabolomics projects: 1)  Untargeted metabolomics analysis of Cystinotic Fibroblasts,   and 2)Mass Spectrometry analysis of an isotopic CDME tracer study to evaluate the metabolism of cysteine following cysteamine treatment.  Finally,  a summary of the proteomic analysis of protein thiol redox in cystinotic fibroblasts will be provided.

I) Untargeted metabolomics analysis of Cystinotic fibroblasts, and plasma from Cystinotic patients. 

We have  used our new Untargeted/targeted metabolomics platform (the method is described in Gertsman et al, Metabolomics Journal, 2013) to evaluate metabolic differences that may be prevalent in cystinotic cells.  This hypothesis was formed from potential proteomic changes that we seen between control and cystinotic fibroblasts.  We used several forms of LC-stationary phases coupled to an AB Sciex 5600 Q-TOF for all mass spec analysis on this project.  We hypothesized to identify increases in oxidized lipids and other compounds that may be effected by redox changes in cystinotic cells.  We analyzed the 5 different cystinotic cell lines we have access to, as well 3 control cell lines for this study.  We also evaluated these cell lines following cysteamine treatment and hydrogen peroxide exposure, the latter which is known to increase apoptotic signaling.  
Results and Discussion:


Several thousands of analytes were measured by the experiments  and the control and cystinotic groups were compared using both multivariate analysis (Principal component analysis) as well as ANOVA analysis.  We found several dozens of compounds of interest that had statistical significance (p-value <0.01), and we attempted to identify as many of these as possible.  One of the most interesting of these compounds (box plot shown below) was  identified as glycylprolylhydroxyproline, a tripeptide found in collagen breakdown by several classes of collagenases.   We confirmed its identity by purchasing purified collagen and digesting it with collagenase, followed by mass spec analysis, where its elution, mass, and product ions matched perfectly to the compound in our study.  There was a 6-fold increase of this tripeptide in cystinotic cells as compared to control fibroblasts (p-value=0.001).  We feel this may be of interest, as previous researches (e.g. Daryl Okamura et al.) have presented data showing marked differences in fibrosis of cystinotic kidney cells.  This tripeptide may be indicative of either increased degradation of collagen, or potentially increased expression and collagen fibril formation, a common symptom in fibrosis.  We plan to investigate this presence in cystinotic plasma and urine samples which we have recently collected, and potentially in kidney cells as well.  We are interested to evaluate if this marker is directly tied to fibrosis and if it can be a future biomarker for evaluating the severity of fibrosis in cystinotics. We will attempt to do so by collaborations with colleagues who can provide such fibrotic samples.  Other compounds of interest will be further  analyzed before identifying their significance, such as a decarboxylated tripeptide (Val-Leu-Phe) found almost exclusively in the cystinotic cells.  Such a compound would likely be formed by enzymatically induced decarboxylation, implying a change in a specific enzyme's activity in cystinotic cells, a potential surprising finding that needs further verification to before reporting as truly significant.  Metabolomic analysis in patient sera and urine will be the next part of verifying significance to the various biomarkers.
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II) CDME tracer study to identify metabolism of cysteine following cysteamine treatment.


We have synthesized  13C labeled CDME from 13C labeled cystine purchased from Cambridge Isotopes.  We have performed experiments where we have incubated cystinotic cell lines with this compound and attempted to trace its metabolism in the cell following cysteamine treatment using a combination of targeted and untargeted metabolomic approaches.  We have done both 500uM and 1000uM 13C-CDME incubations followed by either 500uM or 1000uM cysteamine respectively.  Cell lines were harvested at 0min, 1min, 3min, 10min, 15min, 30min, 1hr, 2hr, and 3hr incubations with cysteamine as well as were cystinotic control cells that were not exposed to CDME.  

Results and Discussion:


We were able to measure 13C-Cystine and its concomitant signal decay following cysteamine treatment in one of the sets of experiments.  Figure 2 shows the exponential decay of 13-C cystine during cysteamine treatment after cells had been exposed to 13C-CDME for 90 minutes.  The decay follows an exponential decay curve as seen in figure 2 below.  Nearly 90% of the labeled  cystine was cleared (metabolized into glutathione as described below, or potentially exported from the cell) within an hour of cysteamine exposure.  The exponential decay curve may be explained by several possible factors.  One of which may be analytical, caused by a non-linear response from the mass spectrometer at very low levels of analyte, seen in the later time-points of cysteamine treatment  where cystine signal approaches zero.  Another possibility could be due to redox changes following cysteamine addition, as [image: image3.jpg]A
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seen in figure 3, where there is a spike and then a drop in the GSH/GSSG area ratios during the timecourse.  If the first step in cystine decomposition is conversion to cysteine (potentially through disulfide exchange with cysteamine), then a redox change during the timecourse may impact the cystine clearance rate.  


We found that the majority of 13-CDME that was introduced was detected in the form of 13C-glutathione (both reduced and oxidized) in the 500uM CDME/500uM cysteamine treated samples.    In the 1mM CDME/1mM cysteamine treated samples, much of the glutathione signal dropped significantly after cysteamine treatment (not shown), potentially due to mixed disulfide forms between cysteamine-glutathione, a compound we have seen several time before during metabolomics experiments.  In the 500uM CDME/Cysteamine results, we see that a majority of 13C labeled material is also converted to glutathione, indicating that the methyl esters of CDME are being hydrolyzed as expected, and the resulting cystine is being reduced and then being incorporated into the glutathione synthesis pathway through conjugation with glutamate and then glycine.  We have measured the ratios of 13-C labeled to unlabeled glutathione (from endogenous unlabeled cysteine) during the timecourse after cysteamine treatment.  We unexpectedly observed a significant amount of 13C-glutathione following 1.5 hours of CDME treatment, prior to cysteamine administration (timepoint 0).  We originally hypothesized that the CDME would all be targeted to the lysosome and would primarily remain there in the form of cystine until treatment with cysteamine.  It may be that since we incubated with so much CDME (500uM in experiment represented by figure 3 below), that some of the 13C-cystine leaked out of the lysosomes during the incubation.  Also, some of the 13C-CDME may also be getting hydrolyzed in the cytosol or other compartments and being converted to glutathione without ever entering the lysosome.  Nonetheless, we observe changes in the ratios of GSH to GSSG during the timecourse as well as 13C-labeled/unlabeled GSH and GSSG in two different cystinotic fibroblast cultures that we have tested with this method.    Figure 3 demonstrates that the ratios of 13-GSH and 13C-GSSG to unlabeled GSH and GSSG are relatively stable with a small decrease from 0 to 10 minutes, followed by a mild spike at around 15 minutes.  The levels then drop again through to 60minutes.  This is seen in both fibroblast cultures, and more pronounced from patient 2.  What we think we are seeing is the slow decrease in the pool of 13C-cystine used to make glutathione that was generated from during 13C-CDME incubation, prior to cysteamine addition  As we see in figure 2, there is a rapid change in 13C-Cystine following cysteamine treatment, so we think that the mild increase in labeled GSH and GSSG stems from additional 13-C cystine released from the lysosome following cysteamine.  We intend to re-do these experiments so that cytosolic 13C-cystine and glutathione are nearly negligible prior to cysteamine addition.  We may have to load cells with lower concentrations of labeled CDME to prevent any lysosomal leakage post loading, and also perform long washes with PBS (e.g. overnight) so that any cytosolic 13C-cystine or glutathione will be negligible prior to cysteamine treatment.  Our intent is therefore to only monitor cystine decay, glutathione production, and any other diversions of cystine into metabolic processes that solely dependent on cysteamine treatment.  Our current data also shows a potential change in redox during the cysteamine timecourse (panels E and F in figure 3), as there is a gradual rise in GSH/GSSG ratios  between 0 and 10 minutes, followed by a decrease.  We believe this is linked to redox changes following absorption of cysteamine, and may also be linked to excess cysteine (source of glutathione) released from the lysosome following treatment.  We will attempt to understand these redox changes in further experiments, as well as try to look at potential mixed disulfides formed during cysteamine treatment that have been exported extracellularly  by analyzing the cell media during cell harvesting.  We have also tried to follow 13C-cystine breakdown into other known cysteine metabolic pathways (e.g. taurine synthesis or mercaptopyruvate pathway), resulting in metabolites such as taurine and pyruvate, but none of the labeled forms of these compounds or their precursors were found, indicating glutathione synthesis as the major pathway for the excess cystine.

III) Proteomic analysis of thiol redox in cystinotic fibroblasts.

We have continued the ICAT labeling experiments to further identify protein thiol differences between cystinotic and control fibroblasts.  Our initial experiments, reported previously, showed differences in thiol redox between these two groups, with certain proteins (especially lysosomal and ER proteins) showing marked oxidiation states for cysteine thiols.  These experiments were done with two male control cell lines and two female cystinotic cell lines.   As we have added several male cystinotic cell lines to these experiments, we have noticed much less difference in the thiol redox states.  This is very surprising, as we do not expect gender to have any role in redox state and we are still skeptical about this result.  Another issue has been the proper redox trapping of these proteins, and preventing further redox exchange upon harvesting.   Since there have been no previously published works on fibroblast redox quenching associated with ICAT labeling, we have had to experiment with these issues on our own, observing significant changes in the redox outcome depending on the quenching method used.  We have recently established a new quenching protocol that entails acidification of the cells directly on the plate, potentially preventing further redox exchange associated with washing and centrifuging cells (seen in bacterial systems to play a huge role in metabolic outcomes).    We are re-collecting much of the data using this new quenching method to more accurately identify redox changes in the cystinotic cell lines and to potentially reduce the wide range of redox states we have seen among the different cystinotic cell lines.  What we have noticed throughout our experiments though, that cysteamine has drastically changed the thiol redox of proteins in all cell lines.  We have seen mostly across the board reduction of protein thiols after cysteamine treatment, surprisingly affecting proteins of all known organelles, not just the lysosome or cytosol.  We have also seen no difference in thiol redox when cystinotic cells were exposed to the apoptotic inducer, UV exposure.  This is surprising, considering that Theone et al. have previously shown increased PKC delta cysteinylation upon such exposure.  We will provide further updates on these experiments after our re-collection is finished.
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Figure 1:  Box plot showing intensity differences for the collagen peptide described above in the text, showing a significant difference between cystinotic and control fibroblast cell lines. 
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Figure 2:  13C-Cystine decay following cysteamine treatment.  The data is from the 1mM CDME/ 1mM cysteamine treatment experiment, collected over several hours.
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Figure 3:  (A-D) Flux in labeled (13C)/unlabeled glutathione following 13-C CDME labeling in various time-points after cysteamine treatment (control has no CDME or cysteamine added, while 0 timepoint has been exposed to 13-C-CDME, but to cysteamine) as well as (E-F) overall reduced/oxidized glutathione (includes both 13-C and unlabeled glutathione).
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