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Although the more widely used proteomic strategy has typically been peptide-based mass spectrometry (MS), the unambiguous 
characterization of protein sequence and post-translational modifications is usually better achieved through analyzing intact 

proteins. In the past, however, this use of top-down proteomics has not been achieved in a high-throughput format due to the 
under development in separations. With recent improvements in achieving high-throughput top-down proteomics with online 
MS detection and identification, custom front-end separations coupled to LC-LTQ-FTMS affords the opportunity to achieve 
unprecedented proteome coverage. With a record 1000 intact protein identification from the HeLa proteome and many more 
isoforms, some of which were correlated with DNA damage, we showed that top-down proteomics can now achieve a level of 
coverage approaching that of bottom-up proteomics. An enabling aspect to this achievement is the integration of the GELFrEE 
apparatus, a size based separation, into a four-dimensional separation platform. While the level of throughput is encouraging, high 
loading requirements limited the study to samples obtained from cell culture with low milligram quantities of proteins. In order to 
transition to the analysis of precious clinical samples, significantly lower sample requirements must be possible. Here, we couple a 
miniaturized GELFrEE apparatus to LC-LTQ-FTMS to separate protein mass differences down to 700 Da, while achieving similar 
proteome coverage with 10-20 fold less starting material. In addition, we demonstrate the ability to enrich proteins by 1-2 orders of 
magnitude by using a novel electrophoretic procedure. Finally, we show improved automation from sample loading, to separation 
to direct analysis using MS, which will prove crucial to expand the technology to non-expert users.
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