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Introduction

Nanoelectrospray tandem mass spectrometry has demonstrated its capability for high sensitivity and high throughput characterization of gel-separated proteins (1). Only minimal amounts of protein are necessary for identification. However, the level of background proteins introduced during sample preparation (for example in the form of dust or contaminated chemicals) might often mask the presence of the target protein. One critical step in low-level sequencing of peptides from in-gel digests is therefore the selection of relevant peptides for sequencing since contaminating peptides originating from keratins and trypsin autolysis products often constitute the main peptide signals in such samples. Here we report on the characterization of peptides derived from keratins and trypsin to facilitate low-level protein identification.

Methods 

Proteins were excised from gels, in-gel reduced, alkylated, and proteolytically digested with trypsin (1). Digests were also performed in 180 labeled water (2). The released tryptic peptides were micropurified and subjected to nanoelectrospray tandem mass spectrometry on a quadrupole time-of-flight instrument (QSTAR, prototype, PE-Sciex, Canada). Peptide contaminants were identified using the peptide sequence tag algorithm of PeptideSearch (3) or PepSeaTM (Protana A/S, Denmark). Tandem mass spectra were interpreted using the programs BioMultiView (PE Sciex, Canada) and GPMAW (Lighthouse Data, Denmark). The data were collected over a large number of sequencing projects since March 1998 by members of the Protein Interaction Laboratory.

Results

A nanoelectrospray quadrupole-TOF mass spectrum of an in-gel digest of 80 fmol of bovine serum albumin (Figure 1) illustrates the presence of sample specific peptides surrounded by trypsin autolysis products. Characterization of such trypsin related peptides together with peptides from keratins resulted in tables of peptide contaminants commonly observed by nanoelectrospray. The tables currently list 60 m/z values representing peptides from keratins and 33 and 58 m/z values related to autolysis products from bovine and porcine trypsin, respectively. The tables are publicly available on our web site at www.pil.sdu.dk.

The main use of the tables is to facilitate the selection of sample-specific peptides for tandem mass spectrometry. This step is crucial in low-level protein identification where specific peptides typically are found only at the noise level in between more intense signals from non-specific peptides. Trypsin and keratin peptides can be disregarded on the basis of m/z values and a few fragment ions if necessary. The speed and sensitivity of the QSTAR instrument combined with nanoelectrospray make such exhaustive MS/MS analysis possible. The tables can also be used to test for correct calibration and to optimize/evaluate the performance of the nanoelectrospray experiment for individual samples. Good signal-to-noise rations of certain trypsin autolysis products in the low m/z range (e.g. m/z 412 and 421 for porcine trypsin) indicate excellent spraying condition useful for peptide sequencing. This mode of spraying is often observed for needles with very fine tips. The tables also list m/z values that indicate sodium or potassium adduct formation or fragmentation.

Every effort should be made to reduce the level of keratins. We have found that it is possible to reduce the level of keratin contaminants below the detection limits by the use of pure solvents and reagents and by careful handling during all steps of protein purification, gel electrophoresis and the in-gel digestion procedures. In contrast to a recent report, we have not observed significant levels of keratins in the trypsin formulations (4). Reduction of the level of trypsin autolysis products is more problematic. Minimizing volumes of trypsin solution used for the in-gel digestion helps, whereas trypsin concentration below 10 ngl reduce sequence coverage of the relevant proteins. In-gel digestion in 180 labeled water surprisingly showed minimal 18O incorporation into trypsin autolysis products. From this we conclude that most trypsin autodigestion products are formed during manufacture of trypsin rather than during in-gel digestion. Therefore, the manufactures should attempt to reduce the amount of autodigestion products. Special trypsin formulations are now available (Promega) that reduce the signal of trypsin derived peptides to the signals observed for peptides from an in-gel digest of 80 fmol bovine serum albumin loaded onto the gel (Figure 1). Nonetheless, we strongly recommend testing for batch-to-batch variation.

Conclusion

Knowledge of contaminating peptides is essential for low-level protein identification using tandem mass spectrometry. Tables of commonly observed peptide contaminants are available at www.pil.sdu.dk. 
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Figure 1. Nanoelectrospray quadrupole-TOF mass spectrum of an in-gel digest of 80 fmol of bovine serum albumin loaded onto the gel.
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