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The following progress report describes research done on two separate projects related to cystinosis.  The first being identification and quantization of proteins cysteinylated in fibroblasts and eventually renal tubular cells in cystinotic cell lines.   The second involves improving the method for protein quantization in mixed leukocyte preparations  for improving  cystine normalization in diagnosing cystinotic patients.  
Proteomics based Identification of cysteinylated proteins in Cystinotic cells
Abstract:

The objective of this work is to discover 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 have used biotin-labeled cysteine introduced into cell cultures to identify susceptible proteins in vivo,  and are currently working on an ICAT labeling method which will directly quantify cysteinylated/non-cysteinylated protein ration in diseased cells lines using mass spectrometry.  
Methods and Results:

As of the last progress report, we showed that we were able to cysteinylate proteins in fibroblast cultures using a biotin tagged cysteine reagent that was spiked into the growth media.  The protein recovered had aggregated though after several protein purification though, as seen by a band at very high molecular weight when run on SDS gel and stained with anti-biotin antibody through western blot analysis.   To avoid this aggregation problem,  we trypsin digested all of the protein after lysing the cells, and then purified away the biotin-cysteine labeled protein using an avidin affinity column.  In order to recover and sequence the peptides of interest, we washed the avidin column first with PBS solution thoroughly to wash through all background peptides.  We then added a TCEP containing PBS solution to reduce the biotin tags from the tagged peptides.  The peptides of interest were eluted within several fractions, and then concentrated and buffer exchanged for proteomic analysis.  We used a 3hr LC gradient through a c18 capillary column that was in-line with a ESI-Qtof mass spectrometer (Qstar Elite by AB sciex) to better separate the peptide mixture.  Each fraction from the avidin elution was injected in a separate run, as was as the last fraction of the avidin PBS wash.  The mass spec run collected ms/ms product scan data on thousands of peaks in each run and the product scan data was then analyzed by Protein pilot software which searched through the existing human genome database to identify protein matches to the peptides.  Peptides identified in both the wash fraction as well as the elution fractions are listed in table 1.  The peptides identified in the wash fraction corresponded only to structural proteins such as keratin and actin, which are common contaminants from user handling during proteomic experiments.  These were also found in the elution fractions, but are not listed in the elution section of the table.  These peptides can be considered background.
	Final wash fraction
	Elution fraction 1
	Elution fraction 2
	Elution fraction 3

	Keratin 1

Actin

Vimentin

Dermicidin

Keratin 10
	Phosphoglycerate kinase

Enolase 1

Cathepsin B

Thrombospondin

Filamin A

Perixiredoxin 6

Ribosomal protein S3

Tyrosine 3/tryptophan 5-

    monoxygenase protein

alpha 1

lactate dehydrogenase
	Histone H2A

Galectin

Ubiquitin-protein ligase    

   TTC3

Desmin

Copper transporting- 

    ATPase 1

Beta-galactoside-binding 

    lectin precursor


	Centaurin
Alpha 1

Pyruvate kinase




Table 1.  Protein labeled with biotin-cysteine in vivo.
In parallel with the above experiment in which the biotin-cysteine conjugate was incorporated into the cell through media during cell growth, we performed a separate experiment in which we labeled proteins post-lysis using the same biotin cysteine reagent.  This experiment shows the difference between proteins susceptible to cysteinylation in vitro as opposed to the previous experiment which showed cysteinylation susceptibility in vivo.  Table 2 shows proteins identified that were cysteinylated in vitro and purified on the avidin column as described above.

	Final wash fraction
	Elution fraction 1
	Elution fraction 2

	Keratin 1

Keratin 10

Keratin 9

Keratin 2


	Annexin A2

AHNAK nucleoprotein isoform 1

Peroxiredoxin 6

Aldolase A

Dyhydropyrimidinase-like 2

Thrombospondin

Annexin

Pyruvate kinase

Ubiquitin carboxyl ternial 

    esterase L1

Enolase 1
	AHNAK nucleoprotein isoform 1


Table 2. Protein labeled with biotin-cysteine in vitro.
Some of the proteins identified between the two types of experiments are redundant indicating that these are the most susceptible to cysteinylation either due to their great abundances in the cell or their structural properties which allows a free thiol to be exposed to the solvent.  The protein most interestingly modified only in the in vivo experiment is cathepsin B, which is considered to have an important role in apoptosis (Guicciardi et al., J Clin Invest. 106(9), 1127–1137 (2000)).  It is will be interesting to see in the following experiments with cystinotic cell lines if cathepsin B is also cysteinylated, and if so, what role this has on the protease’s activity and its involvement with caspase-dependant  apoptosis.
Future Experiments:

We originally used the biotin-cysteine platform described above to identify potential protein targets that we would try to quantify in both their cysteinylated and natural forms in cystinotic cell lines.  We have found an alternative method for uncovering cysteinylated proteins using a mass spectrometry specific reagent called ICAT.  This reagent forms a covalent bond with free thiols (non-disulfide linkage) in proteins and is available in different isotopic forms.  We are currently testing our different cystinotic fibroblast cell lines to find one with the highest cystine content.  We plan to perturb that cell line with an apoptotic stimulus (both TNF-alpha, and UV exposure, as done by Park et al., J Am Soc Nephrol 17 (11), 3167 (2006)), followed by cell lysis and ICAT labeling.  The light ICAT reagent (mono-isotopic) will be added to bind all free thiols. We will then reduce all disulfide bonds and add a heavier ICAT that will bind all previously occupied thiols.  Following proteolytic digestion, the ICAT containing peptides can be affinity purified and their respective ratios on unique peptides can be quantified by mass spectrometry.  We will compare these ratios to control cell lines and evaluate which peptides have increased ICAT2/ICAT1 ratios, indicative of increased disulfide formation, presumably from cysteinylation.  We will be using the methods and equipment of the proteomic core facility at UCSD which has identified a multi-dimensional chromatography platform  using complimentary stationary phase columns, that increases protein identification to over 3000 hits in most cell lines (Ghassemian et al. in preparation), as opposed to only ~300 protein id’s in a regular shotgun proteomics run on the Q-star Elite.  The enhanced coverage should allow us to gather ICAT labeled peptide ratios of proteins that have even very low levels of cysteinylation.  
Granulocyte specific protein quantization for better cystine normalization
Another project I have been working on is to improve protein determination and normalization of cellular cystine quantization.  We plan to improve current cystine diagnostics by specifically normalizing the cystine measurement to protein from cells directly involved in cystine storage, such as granulocytes.  Current methods using the Lowry technique show variability, especially when comparing preparations originally collected with different anti-coagulants, i.e. Heparin, and EDTA.  We have found three proteins  specific to lysosomes of neutrophils that we are able to readily quantitate using mass spectrometry following mixed leukocyte lysis and proteomic processing.  We are using stable isotopic versions of peptides corresponding to each of these three proteins for quantitative analysis.  So far, we have tested this method on a handful of control patients using multiple anti-coagulation tubes for testing variability.  The data for these experiments is best presented in the attached poster which was presented several months ago at the SIMD conference in Asilomar.   
