Detection of Hypoxia-related Proteins in Medaka (Oryzias latipes) by Difference Gel Electrophoresis and Identification by Sequencing of Peptides using MALDI-TOF Mass Spectrometry
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Multidimensional separation techniques combined with matrix-assisted laser desorption/ionization tandem time-of-flight mass spectrometry (MALDI-TOF/TOF-MS) were used to identify hypoxia-related biomarker proteins in tissues of medaka fish (Oryzias latipes) and medaka cultured cells.  The multidimensional protein/peptide separation methods used included two-dimensional difference gel electrophoresis (2D-DIGE) using fluorescent cyanine dyes, and gel electrophoresis combined with reversed phase liquid chromatrography of tryptic peptides isotopically labeled with 16O or 18O (geLC-MS).  In both methods, control and hypoxia-treated tissue or cell protein extracts were differentially labeled, combined in 1:1 mass ratios, and subjected to separation and MALDI-TOF/TOF-MS analysis of tryptic peptides derived from proteins exhibiting significant changes in expression upon hypoxia exposure.  Prior to MALDI-TOF/TOF-MS analysis, the peptides were N-terminally sulfonated using the derivatizing reagent 4-sulfophenyl isothiocyanate (SPITC) to enhance the post-source decay (PSD) fragmentation spectra of the peptides in MALDI-TOF/TOF-MS, which was shown to dramatically improve de novo sequencing of labeled peptides. The methods described here were used to monitor and analyze the changes in protein resulting from exposures of both cultured medaka cells and medaka fish to hypoxic conditions (0.8-1.0 mg/L dissolved oxygen) for periods up to 120 hours.  We have identified a number of potential candidate biomarker proteins differentially-regulated upon exposure to hypoxia, including carbonic anhydrase, hemoglobin, calbindin, aldolase, glutathione-S-transferase, succinate dehydrogenase, and lactate dehydrogenase.             

