Identifying proteins in genome databases using mass spectrometry
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The identification of gel-separated proteins by mass spectrometry and database searching is becoming a standard tool in Proteomics and Cell Biology. Most of the more abundant proteins within a cell can be identified in protein sequence databases. Proteins not yet present in these databases might often be partially identified in EST databases. which currently represent at least. 80% of all human genes. However, the error frequency of ESTs is high (2-5%) and sequences are typically only about 300 bases long. On the other hand, genome sequencing efforts of model organisms provide ever increasing amounts of high quality sequence data (error rate 0.01-0.05%). Yet, mining that data for meaningful biological information is lagging behind. Gene prediction algorithms are already powerful tools but success rates of 40 to 80 % still leaves much need for improvement. We show here, that proteins can be identified at the level of the genome. We believe that this technology will become a valuable tool for genome annotation and will provide an aatractive shortcut to the cloning of interesting genes.

Membrane proteins from Arabidopsis thaliana were separated by 2D PAGE and were used as a model system. In-gel proteolytic digests were analysed by both MALDI TOF MS on a Bruker Reflex III and nano electrospray tandem MS on a PE Sciex quadrupole time-of-flight mass spectrometer. The database search program PepSea (Protana, Denmark) was used to search peptide sequences and sequence tags against a genome database which, at the time of writing, represented approximately 55% of the Arabidopsis genome.

Conclusions drawn from the experiments can be summarized as follows:
· Protein-MS data can identify coding regions within the genome. This provides a shortcut to the cloning of potentially interesting genes.

· Protein-MS data can be used to refine results of software assisted gene prediction (missed sequences, surplus sequences).

· Protein-MS data can localize exon-exon boundaries (peptide exon bridges).

· Peptide sequences or sequence tags are required for initial locus identification. MALDI peptide maps are too unspecific.

· MALDI peptide maps can refine exon coverage and identify exons not covered by peptide sequences.

· MS can complement but not replace gene prediction algorithms.

· Homology searching can be employed at all levels for the assignment of tentative protein function.

· Further confirmation of the exon structure can be obtained using cDNA and mRNA sequence information.
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Strategy for identifying proteins  at the level of the genome.
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