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Work as of June 30th 2010


The work described below details my progress in the 3 months following the start of my fellowship disbursement, which occurred in April of 2010.  


Proteomics based Identification of cysteinylated proteins in Cystinotic cells
Introduction and Methods:

The primary objective of this work, as described in the initial proposal, was to investigate cysteinylated proteins in cells of cystinotic patients, to determine what types of proteins may be impacting cellular processes in the diseased state, as discovered previously with protein kinase C delta (F. Chu et al. Carcinogenesis 24 (2), 317 (2003), M. A. Park et al., J Am Soc Nephrol 17 (11), 3167 (2006)).  We chose a comprehensive proteomic approach to explore this question by first attempting to measure all proteins that can be both cysteinylated and detected (by mass spectrometry as well as western blot analysis) when exposed to high levels of intra-cellular cysteine.  We wanted to identify proteins that were sensitive to cysteinylation in the natural environment of the intact cell, to then target and quantify the cysteinylated form in future studies using cystinotic cells.  Two different methods of introducing a modified, biotinylated-cysteine reagent were attempted.  Cysteine was first biotinylated through primary amine groups using Pierce reactive Biotin reagent, and then added to the growth media.  The first method was to incubate a 100ml roller bottle culture of fibroblasts (from a control patient) with biotinylated-cysteine (250uM) in Modified Eagles Media for a single overnight period, only after the cells had reached a nearly confluent state (we called this preparation ON, described further in figure 2).  The other method of biotin-cysteine introduction involved full growth of a fibroblast (also a control patient) culture in Eagles media that contained 250uM of biotinylated cysteine, and 100uM of normal cysteine  We called this preparation, G, short for growth.  Normal cysteine was added so as to not interrupt normal protein synthesis which requires unmodified cysteine.  The goal was to identify proteins that are capable of being cysteinylated within an intact cell, to mimic the previously hypothesized environment occurring in cystinotic patients, in which apoptotic signals cause permeability of lysosomes from which cystine is permeated through the cytosol of the cell.  Instead of cysteine being released from the lysosomes in our experiments though, it would be transported into the cytosol from the enriched media.  Only proteins with exposed thiol groups and present in environments exposed to intra-cellular cysteine (this may exclude certain membrane proteins or proteins localized in specific compartments) would be labeled with the biotinylated cysteine.  We then attempted to harvest the fibroblasts, lyse the cells, and purify the biotinylated protein in non-reducing conditions.   Ammonium sulfate fractionation was also attempted in the first preparation to reduce protein complexity in each sample.  The biotinylated cysteine was then attempted to be purified away from all other proteins by incubating the resuspended protein samples with Neutravidin coated beads, specific for their interaction with biotin.  Elution conditions included incubations with reducing agent (DTT), or by boiling in the strong denaturant 6M GuHCl,  for disrupting binding of non-cysteine attached biotin with protein.  To visualize overall protein in the various fractions of the preparation, SDS gels with either coomassie stain or silver stain was performed, while specific biotin-cysteinlated protein was visualized with western blot analysis, using an anti-biotin antibody reagent coupled to alkaline phosphatase, the substrate for a fluorescence based output signal quantified by a fluorescence based gel scanner.  
Results:


There were several obstacles to overcome using our methods.  It became clear after our first preparation of fibroblasts exposed to biotinylated cysteine, that non specific labeling of free amino groups was occurring from our biotin cysteine reagent (Figure 1).  This was occurring due to left-over, unreacted biotin reagent, that had not been fully quenched with amine groups from our quenching buffer.  This resulted in what seemed as an abundance of cysteinylated protein (figure 1B) but was in fact protein that had been directly biotinylated through reactive amine groups.  This was evident from neutravidin bead incubations, where little to no protein was being eluted with DTT washes, though a significant fraction of biotin-containing protein was seen in the western blot following Guanidine-HCL washes (figure 1B).  To eliminate this non-specific biotin signal, we increased the concentration of quenching reagent of free biotin (Tris buffer) as well as increasing the incubation time from 45 minutes to 5 hours.  The result, as verified by mass spectrometry measurements of quenched reagent (not shown), as well as subsequent preparations of fibroblasts using this procedure, is that we eliminated the non-cysteine bound biotin, as seen in the first preps (figure 2B).  These second round of preparations were done in two different ways, as described in the methods above; one culture of fibroblasts was grown completely in a biotin-cysteine containing media (prep G), while the other growth was only exposed overnight to this reagent directly before harvesting (prep ON).  We did this to see if there was a difference in labeled protein in these two methods, and to also determine if long term exposure of fibroblasts to high concentrations of biotinylated cysteine was detrimental to cell growth.  The results showed that the long term exposed fibroblast culture took several days longer to reach confluency then the overnight exposed culture.   Both cultures appeared healthy upon reaching confluency , so even though the modified reagent may slow growth, it did not appear to affect cell viability.  The protein containing supernatant from cell lysis and subsequent centrifugation was not salt precipitated as in the previous preparation, but instead directly concentrated through a 10kD centrifugal device.  Gel analysis showed overall similarity in protein bands between the two incubation methods (Figure 2A), as well as to the previous preparation, though the western blot which stains for biotin specifically showed a much different result (Figure 2B).   Only a single band of biotin-cysteine labeled protein appeared, and it was only seen in prep G.  The band overlapped with the bottom of the gel well, indicating that the protein was part of a large complex or aggregate that did not travel through the gel.   Incubations of this protein with either DTT or no DTT (western blot in figure 2B) confirmed that this signal was specific to biotin-cysteine and not amine-labeled Biotin, as the band disappeared in the presence of DTT.  Prep ON  showed no presence of biotin-cysteinylated protein.  
Discussion


The results of the last experiments show that in fact one or more proteins in the fibroblast prep is being cysteinylated during growth, but we were unable to purify it or identify it due to aggregation (likely in part due to disulfide bonding between multiple proteins in a non-reducing environment) and significant loss of material during concentration (shown in figure 2B).  We are currently culturing another fibroblast preparation, grown again with biotin-cysteine.  Instead of concentrating intact protein which may lead to aggregation, we will digest the entire protein supernatant with trypsin immediately after lysis.  We will then proceed to isolate the biotinylated peptides using an avidin affinity column and skip concentration through centrifugal filters.  We well then match these peptides to their precursor proteins using mass spec identification in conjunction with human protein database searching (using protein pilot software provided by AB Sciex).  We have shown that in fact only protein from prep G, not prep ON showed a signal for biotin-cysteine using western blot analysis.  The result signifies that growing the cells in the biotin-cysteine containing media is more effective for cysteinylating  proteins than just an overnight exposure of confluent cells and it is not harmful to cell viability.  We will perform all future cultures using the more effective method.
Future experiments

In addition to the current procedure of identifying proteins that are exposed to cysteinylation using the aforementioned methods, we will shortly begin analyzing proteins that have increased cysteinylation in actual cystinotic cells using an orthogonal approach.  We will use ICAT reagent (AB SCIEX), a set of separate thiol reactive compounds with different molecular weights (due to stable isotope inclusion).  One of these reagents, that has a uniform mass, will be added to a lysed preparation of non-cysteinylated cells, while another with a different molecular weight,  will be added to the cystinotic fibroblast prep after stimulation with an apoptotic signal.  An apoptotic signal (i.e. UV, or TNF)  is known to cause permeability of lysosomes, potentially releasing high concentrations of cystine into the cytosol, enabling protein cysteinylation.  Only exposed cysteines on proteins  will be able to bind these ICAT reagents, and the proteins can be subsequently purified through a biotin tag on the ICAT reagent.  Differences in cysteinylation can then be quantified by mass spec using the knowledge that ICAT labeled peptides from different preparations will be eluted from a chromatographic stationary phase simultaneously, but will have different masses, as will be detected by mass spec.  The ratios of the different masses will be calculated and the proteins with abnormal cysteinylation levels can then be identified.  

I am also currently working on methodologies for identifying peptides specific to lysosomes in leukocytes for potential quantification and improved normalization of cystine measurements in patients samples.    Preliminary data for this work has been included in a separate, recent proposal sent by Bruce Barshop.  
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Figure 1: Protein Purification from fibroblast culture.    (A) Coomassie stained SDS gel (4-12%).  Lane 1) Molecular weight marker.  Lane 2) combined protein fractions, with no DTT added. Lane 3) Combined protein fractions with DTT.  Adding DTT reduced much of the protein in the high mass region of the gel.   (B) Western Blot (stained with anti-Biotin antibody) analysis of protein prep fractions and affinity purification.  Molecular weight marker not seen in this scan, but can be aligned nearly to scale with SDS gel on the left.   Lanes 2 and 3 are identical to lanes 2 and 3 on SDS gel.   Lanes 4 through 7 represent supernatants  following protein incubation with neutravidin beads (Two different reactions, each with and the other without DTT).  Most importantly, lanes 8-11 show elutions of the neutravidin incubation with either DTT (lanes 8 and 9 of two separate reactions), or SDS (lanes 10 and 11 of separate reactions).  It is important to note that in lanes where DTT (5mM)  was used, including lanes 3,5,7, 8 and 9,  a strong anti-biotin signal is seen, indicating that much of the biotin attached to protein is not attached through a reducible disulfide bond.  This is reaffirmed by the elution of protein from neutravidin with SDS (lanes 10 and 11), after it had already previously been treated with DTT.  The strong anti-biotin signal in lanes 10 and 11 suggests in fact that the predominant labeling of protein in the prep was from non-specific  reactions between the unquenched biotin reagent and primary amines found in proteins.  The next set of preparations eliminates this problem, as shown in figure 2.
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Figure 2:  Second fibroblast preparations using two methods of biotin-cysteine introduction, called preps G(growth) and ON(overnight), as described in the text.  (A) SDS gel of preps ON and G. Lanes 2-4 are from different stages of purification and concentration of prep ON, and lanes 8-9 are the final concentrated samples of prep ON with and without DNASE respectively.  Since the concentrated sample was viscous, Dnase was added to break down DNA and lower viscosity.  Lanes 5-7 can be ignored since too little sample was added to visualize.  Lane 10 shows the crude protein from the initial lysis supe of prep G, lane 11 shows concentrated supernatant of prep G following centricon filter concentration.  During concentration, some of the protein precipitated out. This fraction was resuspended in buffer and run on lane 12.  Both preps show similar overall protein.  (B) Western Blot analysis of preps ON and G.  Lane 1 is a MWM, seen as faint white lines.  Lanes 2-6 represent fractions from prep ON.  Notice there are no bands for biotin, indicating that none of the protein purified from prep ON contained biotin-cysteine.  Lane 7, 9, and 11 represent 3 different fractions of prep G, all without the presences of DTT.  Lane 7 contains the supernatant from the initial lysis, notice the dark band at very high MW, indicating the presence of biotin-cystine in either a very large protein complex, or aggregate of many smaller proteins.  This band is still visible but much fainter in lanes 9 and 11 which represent concentrated forms of the protein supe.  It appears as though most of the biotin-cysteinylated protein was lost during the concentration steps.  Lanes 8,10,and 12 contain the same sample as lanes 7,9, and 11 respectively, except 5mM DTT was added to each sample prior to loading on the gel.  Notice that the high MW band disappears when adding DTT, indicating that the biotin signal came from the biotin-cysteine conjugate, disulfide bonded to protein.   No reactions between free biotin and free amines could be seen in these preps, unlike in prep 1 (figure 1).  This shows that quenching of unreacted biotin was improved. 
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